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Preface

Dear readers,

This special issue of the “Bulgarian Chemical Communications” puts together most of the studies,
presented during the XI International Conference of Food Physicists (ICFP), which took place on June
10-12, 2014 in Plovdiv, Bulgaria. The Conference was organized by the International Society of Food
Physicists and the Faculty of Physics at Plovdiv University “Paisii Hilendarski”. The ICFP started in 1994
in Budapest, Hungary and it has been hold every two years in some of the famous universities in Central
and Eastern Europe, which carried out training and research in the field of food science - Bucharest,
Romania (1996), Lublin, Poland (1998), Istanbul, Turkey (2000), Brno, Czech Republic (2002), Pécs,
Hungary (2004), Senta Serbia (2006), Plovdiv, Bulgaria (2008), Nitra, Slovakia (2010) and Budapest,
Hungary (2012).

The conference was attended by 47 scientists from 9 countries - Bulgaria, Turkey, Hungary, Romania,
Slovakia, the Czech Republic, Estonia, Russian Federation and Kosovo. There were presented 15 oral
presentations and 33 posters. The participation of some invited lectors and lot of young scientists and PhD
students contributed to the attractiveness of this scientific forum.

The main topics discussed during the conference were:

Physical parameters of foodstuff that can be used for quality control and safety.

Physical and organoleptic parameters of reformulated foods - healthy foods low in salt, sugar and fat.
Verification of destructive and non-destructive physical methods for analyzing the quality of food
products.

Physical principles of innovative technologies for food processing.

The presentations demonstrated the interdisciplinarity of the food science and the relationships between
food technology, physical parameter of foodstuff and the quality of final products.

The Organization Committee of the conference thanks this journal for the help in publishing the full
text articles and for the chance given to the participants to meet the wide audience.
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Effect of composition and microwave radiation on electrical impedance spectrum of
cow milk
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Electrical impedance spectrum of cow milk with 1.5%, 2.8%, 3.5% and full fat content was determined in frequency
range from 30 Hz up to 1 MHz. The impedance magnitude and the phase angle were measured before and after
microwave irradiation — with power 900 W and with radiation time of 10, 20, 30, 40, 50 and 60 s. The temperature of
milk samples after radiation was measured. The impedance spectrum of samples with various fat contents was
determined after conventional heating process at temperature reached under microwave radiation. The microwave
radiation decreased the impedance magnitude in the whole investigated frequency range when radiation time increased
up to 30 s, but further increase of radiation time did not caused further decrease. The phase angle in low frequency
range (30 Hz — 10 kHz) also decreased after radiation and this change raised as the radiation time became longer. The
conventional heating at low temperature range — 20 °C — 40 °C — resulted in increasing of impedance magnitude but at
higher temperatures the decrease of impedance magnitude was observed. The effect of conventional heating on the
phase angle was similar to the effect of microwave radiation. Electrical impedance spectroscopy can be used to

distinguish milk sample heated by microwave radiation from milk heated by conventional method.

Key words: milk, microwave radiation, heating, electrical impedance spectrum.

INTRODUCTION

The milk undergoes several - among others
some heating - processes before consumption. The
radiation of microwave oven used in millions
household for reheating and processing foods can
cause various physical and chemical changes in
processed object. In scientific literature there are
few articles in which the effect of microwave
radiation on structure of milk is discussed [1-3].
Generally there is stated, that microwave heating is
very effective for destruction of microorganisms
and the structure changes caused by it is similar to
the changes after conventional heating [1,3].

The microwave of 2.45 GHz frequency excites
the dipole of water molecules and the high energy
of dipoles can cause a local temperature increase.
The temperature gradient results in a heat flow and
so the temperature of whole food in oven increases.
Microwave exposure of milk can decrease the
averages of fat, protein, dry substance and lactose
concentrations while the density averages can
increase [3]. Some structure changes can be
observed in casein stabilized by microwave energy
on gold-nanoparticles, too [4].

The electrical impedance spectrum of biological
material contains four bands characteristic for ion

* To whom all correspondence should be sent.
E-mail: eszter.vozary@uni-corvinus.hu

concentration, membrane state, macromolecular
organization, bound and free water [5]. The
electrical impedance spectrum of milk can be
described with a model circuit consisting of a
parallel connection of serial RC element with a
capacitance [6]. The admittance values can be used
for detection of added water to the full fat milk [7].

The aim of our work was to investigate, whether
the electrical impedance spectroscopy is sensitive
enough to detect the structural changes caused by
microwave radiation in milk.

EXPERIMENTAL

Full fat cow milk was purchased from a local
farm and milk of 3.5 %, 2.8 % and 1.5 % fat
content were bought in a local shop. 80 ml of milk
in glassware was put into the domestic microwave
oven of a Whirlpool VIP 20, with double emission
system, and was radiated 10, 20, 30, 40, 50 and 60 s
with 900 W powers. The temperature of milk was
measured  after microwave radiation.  For
conventional heating the glassware with milk was
in water bath and the water temperature was
controlled with a Hake DC10 P5 thermostat.
Temperature value was set for the same value
reached after microwave radiation.

The magnitude, Z, and phase angle, ¢, of
electrical impedance were measured with a HP
4284A precision LCR meter in frequency range

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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from 30 Hz up to 1 MHz. Two ECG Ag/AgCl
electrodes (Fiab Spa) in 1 cm distances from each
other were put into milk. The measuring voltage
was 1 V, which is too low to cause changes in
biological material. The measured spectra were
open-short corrected to eliminate the stray
capacitance and inductance. The real part,
R=Zcosp, and imaginary part, X=Zsinp were
calculated and represented as a function of
frequencies. The difference spectra (R(t)-R(22 °C))
obtained by subtraction of real part spectrum
determined at room temperature (22 °C) from real
part spectrum determined after microwave radiation
at higher temperature, (t), were calculated. The
same difference spectra were evaluated for

imaginary parts  (X(t)-X(22°C)), too. These
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difference spectra were also determined for
conventionally heated milk samples.

RESULTS AND DISCUSSION

The electrical impedance spectrum of milk
depends on its composition. Decreasing fat content
increased the magnitude of impedance (Figure 1A)
in the whole investigated frequency range. The
phase angle values (Figure 1B) at low frequencies
also increased with decreasing fat content. The
impedance magnitude of milk with 3.5 % fat
content was slightly lower, than the impedance
magnitude of sample with 2.8 % fat. Similar
anomalous change was observed if 2 - 3 % water
was added to full fat milk [7]. This can be
explained by the hydrolysis of milk fat [7].
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Fig. 1. Magnitude (A) and phase angle (B) of electrical impedance measured in milk with 1.5 %, 2.8%, 3.5% and full

fat content at 22 °C temperature.

Microwave radiation (Figure 2A) of increasing
time durations decreased the real part of impedance
in full fat milk. 10 s and 20 s radiation caused only
little decrease, but 30 s and longer radiation
remarkably reduced the real part. The extent of real
part decrease remained practically constant even
the time of radiation was raised from 30 s up to 60
s. The imaginary part increased after microwave
radiation and the measure of change was similar to
the changes in real part. After 10 s, 20 s and 30 s
microwave radiation the imaginary part became
higher and higher and the increase was practically
constants after 30 s and longer radiation. There was
similar tendency in changes both in real and
imaginary parts of milk samples with 3.5 %, 2.8 %
and 1.5 % fat content (not shown).

After the conventional heating of full fat milk on
water bath (Figure 2B) the real part of impedance
increased and only at temperature higher than 43 °C
decreased. The imaginary part of electrical
impedance decreased as the temperature increased.
There was similar tendency in changes both in real
and imaginary parts of milk samples with 3.5 %,
2.8 % and 1.5 % fat content (not shown).

8

The difference spectra (R(t)-R(22 °C), X(t)-X(22
°C)) of microwave radiated milk of 2.8 % fat
content (Figure 3. A and B) are remarkably differ
from difference spectra of no radiated,
conventionally heated milk of 2.8 % fat content
(Figure 4A and B). Differences increased while
radiation time increased from 0 up to 30 s, and
remained constant when the radiation time was
further increased. It seems that during 30 s radiation
the changes caused by microwave radiation were
completed. Dumuta et al. [3] found that there is a
critical radiation time about 30 s. The decrease of
lipid, protein, lactose concentration and increase of
density depended on radiation time from O s up to
30 s, but these changes not have further increased
after 30 - 120 s radiation time [3]. The difference
spectra of milk with 1.5 %, 3.5 % and full fat
content were similar to difference spectra of 2.8 %
fat containing milk (not shown).

Difference spectra for radiated milk samples can
be explained by the several chemical processes
observed after microwave radiation: auto oxidation
milk lipid, induction of reactive oxygen species,
resulting of free radicals, changes in whey protein
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structure, change in B-lactoglobulin folding process
and changes in water structure [3].
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Fig. 2. Real part and imaginary part of electrical
impedance of full fat milk after microwave radiation (A)
and after conventional heating (B)
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Fig. 3. Difference of real part (A) and imaginary part (B)
of impedance spectrum of microwave radiated milk with
2.8 % fat at the reached average temperature according
to the real and imaginary part of impedance spectrum of
2.8 % fat containing no radiated milk at 22 °C
temperature
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Fig. 4. Difference of real part (A) and imaginary part (B) of impedance spectrum of conventionally heated - up to
temperature reached with microwave radiation - milk with 2.8 % fat according to the real and imaginary part of
impedance spectrum of 2.8 % fat containing milk at 22 °C temperature.

CONCLUSION

The impedance magnitude and the real part
of impedance of milk was decreased by microwave
radiation when radiation time increased up to 30 s,
but further increase of radiation time did not caused

further decrease. The conventional heating at low
temperature range resulted in increasing of
impedance magnitude but at higher temperatures (>
40 °C) the decrease of impedance magnitude was
observed. While the imaginary part of milk
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impedance increased after microwave radiation the
conventionally heating decreased the imaginary
part of impedance. Electrical impedance
spectroscopy is enough sensitive to show that the
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BJIMAHUE HA CbCTABA 1 MUKPOBBJIHOBOTO OBJIBUBAHE BbPXY EJIEKTPUUHUA
NUMIIEJAHCEH CIIEKTHP HA KPABE MJISIKO

E. Boszapu’, H. ITandu, JI. Mapxko

Kameopa @usuxa u xonmpon, Kopsunyc Yuusepcumem na byoanewa, Bydanewa, Yneapus
Iocrenuna Ha 25 centemspy, 2014 r.; npuera Ha 10 nexemspu, 2014 1.
(Pestome)

B HactosmaTa pabota Gelie onpeneneH eISKTPUYHUAT UMIIEAaHCEH CIeKThp B nuamnazoHa ot 30 Hz no 1 MHz na
KpaBe MJIsIKO ¢ MacieHoct 1.5%, 2.8%, 3.5%, meiaHomacneno. ['onemMuHata Ha umnenanca u (ha3oBUAT BIBJI ca
HU3MEPEHH TPEH U ClIe] MUKPOBBIHOBO 00mbuBane ¢ MomrHocT 900 W u mpoasmkurennoct 10, 20, 30, 40, 50 u 60 s.
W3mepeHa Oemie TemreparypaTa Ha oOpa3nuTe OT MIISKO ciell 00TbYBaHeTo. VIMITeTaHCHUAT CIIEKThpP Ha 00pasluTe ¢
Pa3IMYHO MAcJCHO ChIbPIKaHUE Oellle OmpeleNieH ciell MpoIec Ha KOHBEHIIMOHAHO HAarpsBaHE NPU TeMIIEpaTypara,
KOSITO C€ JIOCTUTA TP MUKPOBBIHOBOTO 00N'bUBaHe. MHUKpPOBBIHOBOTO oOipuBane 10 30 S moBeme MO HaMalsBaHE
rojeMruHaTa Ha MMIIEaHCa B MM M3CICIBAaH YSCTOTCH OUAIA30H, a MO-HATATHITHOTO YBEMYaBaHE Ha BPEMETO Ha
00IbUBaHe HE MPEIM3BHUKA JIOMBIHUTEIHO HamassiBaHe. Da30BUsT brbll, U3MEPEH B HUCKOYECTOTHUS nuana3on (30 Hz
— 10 kHz), cpiio noka3a HamaneHue cie/] 00JbYBAHETO, KATO Ta3 MPOMSIHA CE YBEJIWYH [IPU yBEINYaBaHE BPEMETO Ha
obmpyBaHeTo. KOHBEHIMOHATHOTO HAarpsABaHe JOBEAE [0 YyBEJIMYaBaHE ToOJeMHUHAaTa Ha HMIeJaHca B
HuckoTemneparypuusi auana3od 20 °C — 40 °C u 10 HaMansBaHETO My IPH MO-BHCOKH Temreparypu. Edekrsr Ha
KOHBEHIIMOHAJIHOTO HAarpsBaHe BbPXY (ha3oBus BIba Oeme momobeH Ha epekTa OT MUKPOBBIHOBOTO OONBYBAHE.
EnextpuyHaTta MMIETaHCHA CHEKTPOCKONHMS MOXe Ja ObJe HM3IOJI3BaHAa 3a paszinyaBaHe Ha 00pasiy OT MIIKO,
3arpsBaHHU Ype3 MUKPOBBIHOBO 00JIbUBaHE, OT 00pa3liy, 3arpsiIBAHN Upe3 KOHBEHIIMOHAJIEH METO/.
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Detection of wax coatings on plums by rapid physical methods
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Plums epicuticular wax provides fruit surface water repellency and reduces water loss through the skin. In order to
enhance its effect and to prolong the shelf-life of the plums, commercial EU allowed waxes thin coatings are made.
Unfortunately in the real practice, some not permitted artificial waxes are also applied. The present study aims at
presenting three rapid physical methods for detection and recognition of wax type coatings. Optical microscopy reveals
quite different surface morphology of all 10 used waxes, making it possible to detect the wax-treatment existence but
not always to identify the type of the wax. Contact angle measurements with polar and nonpolar liquids display clear
differences between the two values combinations but this method should be used with caution because of the difficulty
in contact angle estimation onto the curved plum surface. Differential scanning calorimetry appears to be the most
precise technique since the plum bounded water and the epicuticular wax, both have evaporation and melting peaks far
enough from the melting peaks of all investigated waxes, allowing one to detect and identify the type of the wax

treatment.

Keywords: plum, wax fruit coatings, DSC, optical microscopy, contact angle

INTRODUCTION

The main aim of all fruits producers is to reduce
the crop losses and to maintain the quality of the
fresh fruits over extended periods of time. From the
other side, consumer interest brings together health,
nutrition, and food safety combined with
environmental concerns. Both points of view meet
at protecting fruits with environmentally friendly,
nontoxic coatings, which preserve the flavour,
nutrition value and visual appearance. Even though
many scientific attempts are put on formulation of
different kind of coatings [1-3], the most often used
coatings are those from the four EU allowed as
food additives waxes — beeswax, candelilla wax,
carnauba wax and shellac [4]. Such harmless
coatings are proved to reduce decay, reduce
moisture and weight loss, enhance external
appearance, regulate the respiration rate and have
antifungal effect [5]. Unfortunately in some cases,
because of their lower prizes, some synthetic
waxes, not allowed for use in the food products, are
also applied for plum coatings. The standard
control of the wax coatings is performed by Gas
chromatography combined with Mass spectrometry
[6]. In the gas chromatograph the evaporated wax
components are transported with a carrier gas flow
through a capillary column and separated by their
different transportation speeds (retention time).

* To whom all correspondence should be sent.
E-mail: exner_ginka@yahoo.com

However, the components must be vaporisable
without decomposition. Wax components with
hydroxyl-groups (alcohols, fatty acids) need to be
derivatised, which means, the active H-atoms have
to be masked and inactivated in order to avoid
decomposition or peak broadening. Hence, this
method is time consuming, requires specific sample
preparation and is not always very effective, for
instance if the epicuticular wax and the applied wax
have very similar chemical composition.

The present study aims at presenting three rapid
physical methods, mainly light microscopy, static
contact angle measurements of a small sessile
drop, and differential scanning calorimetry (DSC),
for detection of plum wax coatings and recognition
of wax type. For these purpose 10 different waxes
from four categories were used - paraffins,
ceresins, palm wax, and beeswax.

EXPERIMENTAL

For the present investigation “Black diamond‘
plums were bought from the local market. The
plums were selected for uniform maturity, size,
colour and absence of physical damage or grey. The
artificial commercial waxes were supplied by
Evricom LTD, Bulgaria. They belong to three
different categories — paraffin (E1, E4, E6, E21,
E53), ceresin (ECP, EC2, EC3), and palm wax
(ES4, ES5). Beeswax was delivered from the local
apiarists.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 11
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Two types of samples were prepared: planar
wax films and wax plum coatings. The neat wax
planar films were prepared by casting the molten
wax onto the microscope glass. The plum coatings
were prepared at first by fruit dipping into the
molten wax and subsequent thinning the coatings in
hot air flow. The thinning was performed until the
coating became invisible to the naked eye.

The wax morphology was investigated by means
of optical (light) microscope type Biorex 3 (Konus,
Italy), offering magnification up to 1000x,
equipped with CCD camera Microview (Konus,
Italy). For the contact angle measurements droplets
of 5 pl (for the neat wax films) or 2 ul (for the plum
coatings) were inserted onto the surface by means
of precise 10 pl micro syringe (Innovative Labor
System GmbH, Germany) supplied with steel
needle. All measurements were performed at
ambient conditions. The final value for the contact
angle was obtained as an average of at least 5 drops
for each surface. The drops were recorded with
CS01-200 Digital microscope (CoolingTech,
China) and the contact angle was obtained by
image processing with the microscope software.
Thermal behavior of the waxes and wax coated
plums was examined via Differential scanning
calorimeter DSC SETARAM 141. The samples
were prepared by fine pilling the plums so that a
thin slice consisting of wax and small amount to
plum skin was yielded. The samples with masses of
several milligrams were first cooled down to 0 °C
at cooling rate 5 K/min and then heated at the same
rate up to about 150 °C. For the calibration Indium
standard was used, having melting temperature of
157 °C and melting enthalpy 28.4 J/g.

RESULTS AND DISCUSSION

As a preliminary study, the planar wax films
were investigated under microscope. The images
reveal that for all 10 different waxes different types
of morphologies occur (see the examples given in
Figure 1) as a result of self-assembly of the wax
molecules depending on chain-length distribution,
functional groups, crystallization conditions and
concentration of the major components of the wax
[7]. The solid wax films, similar to the epicuticular
wax itself, may consist of partially crystalline and
partially amorphous or disordered regions [6].

The specific wax films texture is preserved to a
great extent even when the waxes were made in the
form of plum coatings. The coatings change the

12

Fig. 1. Microscopic images of different planar wax films
and different magnifications: a) beeswax, 40x; b)
beeswax, 100x; c) E53, 40x; d) E53, 100x; e) ES5 40x;
f) ES5, 100x; g) ECP 40x; h) ECP 100x.
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Fig. 2. Microscopic images of plums at different
magnifications: a) 10x, natural plum; b) 10x, plum
covered with beeswax; c) 40x, natural plum; d) 40x plum
covered with beeswax; e) 100x, natural plum; d) 100x,
plum covered with beeswax.

initial plum surface morphology, which can be
easily established under microscope with
appropriate magnification. In Figure 2, as an
example, the texture of the natural plum and the
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Table 1. Results for the contact angle measurements of different waxes with distilled water, 6w, and methylene iodide,
6w, wax melting enthalpy, AHm, melting temperatures TV of the neat wax and T of the plum coating, and
temperature shifts AT=T"C-Tr"Y. The values in bold are the peaks of the bounded-water evaporation.

sample Type of the Oow Owm AHnm T Tm™¢ AT
surface [deg] [deg] [J/0] [°C] [°C] [°C]
Natural 86
plum Smooth 66 30 - - 118 )
66.5 65.1 -1.4
Beeswax Smooth 106 60 215 106.0
- 53.8 -
55.3 58.9 3.6
ES 4 Rough 65 51 149
67.5 68.5 1
121.0
66.3 58.5 7.8
ES5 Rough 92 52 259
- 120.8
47.1 - -
E6 Smooth 106 59 270 65 63.6 -
129.8 1.4
49.3 44.4 5.3
EC3 Smooth 106 64 254 73.3 60.9 8.1
113.1
454 44.4 -1.0
E 53 Smooth 116 65 252 63.8 60.9 -2.9
113.1
59.7 61.5 25
ECP Smooth 108 67 247
118.9
38.7 59.6 -1.5
E1l Smooth 120 70 219
61.4 122.0
57.2 54.4 -2.8
EC?2 Smooth 122 72 242
123.4
36.2 - -
57.2 57.1 -0.1
E21 Smooth 74 72 256
77.4 -
116.1

beeswax coated plum is presented. The beeswax
was chosen since its surface was the smoothest one
and it was expected to be the most difficult to be
recognized as the plums were coated with it. At
magnification 10x, both textures look quite similar
(Figure 2a, 2b) but going to magnification 40x the
dissimilarities start to appear (Figure 2c, 2d). At
such magnification the cuticle layer with separate
cells is clearly seen in the images without wax
coverage, whereas smeared images without clear

features are seen for the coated plums. The
magnification 100x offers the best resolution for
the requested distinction.

As it is clearly visible (Figure 2e, 2f), the
separate cells of the natural plum are very well
seen, whereas for the treated plum mostly the wax
coating without any specific texture is seen.
According to the results, light microscopy, as one
of the mostly available and simplest experimental
methods in the laboratories, can provide

13
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information about the wax treatment of the fruits.
Although one should keep in mind, that the final
morphology of the coating depends not only on the
type of the wax but also on the surface roughness of
the plums and hence, the microscopy can give
reliable information mostly about the existence of
wax-treatment but not on the type of the wax.

Contact angles have been used for a long time as
an indicator of surface wettability in the food and
plant science [2, 8-11]. The well-known Young
equation describes the balance at the three-phase
contact of solid, liquid and vapor: ysy = ysi+yn.cosy,
where the interfacial tensions, ysv, ysi and yi, form
the equilibrium contact angle of wetting, often
referred to as the Young contact angle, Oy. Because
of the existing difference in the structure of all
artificial waxes, one could expect that the
equilibrium contact angle will be different,
depending on the liquid used, wax type and the
surface roughness. The results for a contact angles,
measured onto the planar wax films surfaces are
listed in Table 1. As it is seen, the combination of
the two contact angles — that for distilled water
(polar liquid), 6pw, and that for methylene iodide
(nonpolar liquid), 6mi, appear to be unique for each
wax coating. When the contact angle was measured
onto the curved wax plum coatings, the results
differ in most of some cases with +1°. The largest
difference of about 6° was observed for ES5 wax
coating, and it would be attributed to the significant
roughness of the wax surface morphology (see
Figurel). The apparent contact angle in this case is
very sensitive to that morphology, because the size
of the drop (less than 1 mm) is comparable with the
size of the roughness.

DSC is a standard method for investigation of
the thermal behaviour of many materials and it is

also applied in the field of food science [12, 13]. In
the present investigation, two sets of DSC curves
were recorded — waxes only and the second one
plum with coatings. The results are shown in Table
1 and in Figure 3. As it was pointed out by some
authors [6] the term ‘‘wax’’ is used for a variety of
natural or artificial commercial products that
contain fatty materials of various kinds. According
to the chemical definition, waxes consist of
aliphatic compounds with discrete molecules (no
polymers), are solid and meltable without
decomposition normally below 100 °C. Most of the
plant waxes fit to these criteria but they contain
other components as well, which lead to higher
melting temperatures of those waxes [6]. This is the
main reason one can distinguish via DSC the
artificial wax coatings from the natural ones. The
results show, that the wax coatings melting
temperatures shift with respect to that of the bulk
waxes, but the main features of the DSC
endotherms remain unchanged. In some cases, the
enthalpy of the multicomponent peaks changes,
which can be attributed to the polymorphism of
those waxes, which does not affect the number of
the melting peaks. The highest temperature peaks in
each DSC run of the plums with coatings is
attributed to the bounded water evaporation.
Additional experiments (not shown) prove that the
melting temperature of the epicuticular plum wax
was 86 °C. The obtained results show that DSC
analysis of the melting enthalpies and melting
temperatures is able to reliably distinguish not only
the wax-treatment existence but the type of the wax
used as well.
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Fig. 3. DSC thermograms of bulk waxes (dashed line) and wax plum coatings and plums (solid line) with: a) Beeswax;
b) E1 wax; c) ECP wax.

14



M. Marudova-Zsivanovits et al.: Detection of wax coatings on plums by rapid physical methods

CONCLUSION

The optical microscopy reveals quite different
surface morphology of all waxes used, so it is
possible to detect the wax-treatment existence but
not always to identify the type of the wax. Contact
angle measurements of planar wax films as well as
plum wax-coatings, measured with polar (distilled
water) and nonpolar (diiodomethane) liquids
display clear differences between the two values
combinations but this method should be used with
caution because of the difficulty in contact angle
estimation onto the curved plum surface.
Differential scanning calorimetry appears to be the
most precise technique. The bounded water in the
plums and the plum epicuticular wax, both have
evaporation and melting peaks far enough from the
melting peaks of all investigated waxes. This
allows one to observe the peculiarities of the
melting peaks for all different waxes and to identify
the type of the wax employed.
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OTKPUBAHE HA BOCBYHMU ITOKPUTHA BbPXY CJIMBU YPE3 BbP31 OU3NYUYHU
METO/H
M. Mapynosa-)Kusanosuu, I'. Excuep’, LI. I'ppruaposa

Ilnosouscku ynueepcumem ,, IHaucuii Xunenoapcxu”, ya. ,,Lap Acen 24, 4000 IInosous, bvacapus
Ilocrprmna vHa 8 aBrycr, 2014 r.; mpuera Ha 20 nexemBpH, 2014 .

(Pestome)

EnukyTUKYJSIpHUAT BOCBK TIPH CIMBHTE OCHUTYpsiBa OTOJBCKBAILl HEXENaHWTE BellecTBa e(eKT W HamassiBa
3arybuTe Ha BoJa Ipe3 MOBBPXHOCTTA MM. B mpakTukara, 3a mojAcmiIBaHe Ha TO3U €(eKT, KaKTo U 3a yABbJDKaBaHE Ha
BPEMETO 3a ChXpaHEHHE B Mara3pHHaTa Mpexa, ce M3paboTBaT MOKPUTHUS OT pa3pemieHu oT EBpomeiickata oOUTHOCT
Bochlm/napadunu. llenta Ha HacToOsATa MyONMKAIMs € J1a MPEACTaBH TPU Obp3u (PU3MYHU METO/A 32 OTKPUBAHE Ha
CBIIECTBYBAaHETO Ha TaKWBa IIOKPUTHS M 3a pasllo3HaBaHe Ha TWrma WM. ONTHYHATa MUKPOCKONHMS pPa3KpUBa
pasnmuaBamata ce Mopdosyorus 3a Bcuukd 10 M3cieaBaHM IMOKPHUTHS, KOETO NMPAaBH BB3MOXKHO OTKPHBAHETO HA
TpeTHpaHe, HO He BUHAr'M € Bb3MOXKHO MJCHTH()HIIMPAHETO HA THIA Ha MOKPHUTHUsATA. 3MepBaHHUs Ha KOHTaKTHHUS Ha
BI'bJ Ha OMOKpSIHE, C TOJIIPHA U HENOJSIPHA TEUHOCTH, MOKA3Ba SBHU PA3IMYHHUA MEXKAY ABONKUTE BIIIU 32 BCUUKHU
U3CJIeBaHU MOKPUTHSI, HO METOABT CIelBa Ja C€ M3MOJI3Ba BHUMATEIHO, KaTO C€ MMa MpeABUI Bb3HUKBAIIATa OT
3aKpHBEHaTa IOBBPXHOCT Ha CIHMBHUTE BBH3MOXKHAa HETOYHOCT B ONpEAEIIHETO Ha BbriMTe. JudepeHuunannaTa
CKaHHUpaIla KAJIOPUMETPHSI Ce OKa3Ba Hal-TIPEIM3HUAT METOJ, Thii KaTO MUKOBETE HA M3IIapeHNE HA CBBP3aHATa BOAA,
KaKTO M TO3W Ha TOINEHE Ha €CTECTBEHHS EMUKYTHUKYISPEH BOCHK Ca JOCTATHYHO OTAAJICUYEHH OT MMMKOBETE Ha TOIIEHE
Ha BCHYKM W3CIEABAHM BOCBHIW/TIapaUHU, KOETO TI03BOJIABA OTKPHMBAHETO HA CBHIIECTBYBANO MOKPUTHE U
HACHTUPHUINPAHETO Ha THUIA MY.
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This paper describes a study of the usefulness of some physical methods in the detection of adulteration of
extra virgin olive oil with controlled concentration of relatively cheap sunflower oil. We have tested three physical
methods measuring refractive indices (RI) and their dispersion curves, fluorescence spectra and color parameters that
are related to the chemical structure and content of the olive oils. The RI values of the samples were measured with a
total experimental uncertainty of less than 3x10*“ by the method of the disappearing diffraction pattern for two
wavelengths — 405 nm and 532 nm at a temperature 23°C. Fluorescence spectra were measured using a fiber optic
spectrometer (AvaSpec-2038, Avantes) and the samples were excited by light emitting diodes at 370 nm, 395 nm, 425
nm and 450 nm using the set up. The spectrometer’s sensitivity is in the (200 — 1100) nm range with a resolution of
about 8 nm. The color parameters (index of lightness L*, a*, b*, chroma C* and hue angle h,b) corresponding to the
uniform color space CIELab, were determined on a Lovibond PFX 880. The color parameters were used for
determining the S — carotene and chlorophyll content in the investigated samples. All of the obtained experimental
results suggest that the three optical methods presented are correlated and could be useful for a fast detection of
sunflower adulteration of extra virgin olive oils. These techniques are sensitive and rapid and also do not require any
additional chemical agents.

Keywords: Refractive index, fluorescence, extra virgin olive oil, sunflower oil, chlorophyll, g — carotene.
INTRODUCTION

. - EXPERIMENTAL
Olive oil is a valuable food product as compared

with other vegetable oil products. As a result, the Samples
adulteration of olive oil with cheaper vegetable oil
becomes a real concern. For this reason, the
analysis of edible oils for possible adulterants is
very important for food safety and protection of
consumers. Various physical and chemical tests
have been used to establish the authenticity of olive
oil and to detect the level of adulterants in it [1-2].
The most useful are chromatographic methods [4-
6]. They offer high sensibility and accuracy, but are
also time consuming and expensive. For this reason
in our study we suggest three fast and cheap optical
methods — refractometry, fluorescence and color
measuring - that can be used for determining the
adulterants in olive oils. The aim of this paper is the Refractive index measurements
investigation of the extra virgin olive oil with
controlled sunflower oil content by proposed three
optical methods.

In this work we have investigated three samples
with different characteristics. Samples of extra
virgin olive oil (EVOO) were provided by Greece
Company and its botanical origin and quality were
guaranteed by the supplier. Samples of sunflower
oil (SFO) were obtained from local Bulgarian
superstore. Binary samples of 50 % EVOO and 50
% SFO were prepared using a KERN ABJ 80 - 4M
analytical balance (precision 0.1 mg). All the
samples were stored in fully filled and closed glass
vessels and kept in the dark in an incubator at a
fixed temperature of 25 °C.

The refractive indices (RI) for all the samples
were measured by the method of the disappearing
diffraction pattern using a laser refractometer at

. wavelengths of 405 nm and 532 nm. The method

To whom all correspondence should be sent. and the laboratory device were reported earlier [7].
E-mail: yovchevat@gmail.com The several microliters of the samples were put
between a reflecting grating and a glass prism with
RI = N. When the light beam from one of the lasers
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falls at an angle smaller than the critical angle ac
the beam penetrates through the sample, reaches the
reflecting grating and creates a diffraction pattern.
In the case when the incidence angle is equal to or
higher than the critical angle ac only one total
reflected beam is observed. Therefore, measuring
the critical angle ac as the angle of disappearance
of the diffraction pattern we could calculate the RI
by the following formula:

n= Nsin{Airarcsin(sml\laC ﬂ (1)

where A and N were the prism refractive angle and
the refractive index, respectively. In our experiment
A = 65°C, N (405 nm) = 1.7880, N (532 nm)
1.7480. The experimental uncertainty was An
+0.0003.

Fluorescence spectra measurements

The sources wused to measure the
fluorescence spectra are 370 nm, 395 nm, 425
nm light emitting diodes (LEDs). A fiber optic
spectrometer (AvaSpec-2038, Avantes) with
sensitivity in the (200-1100) nm range and a
resolution of about 8 nm was used to measure
the fluorescence spectra. The oil samples were
placed in a cuvette 10 mm x 10 mm and
irradiated by LEDs.

Color measuring

Using a Lovibond PFX 880 (UK) colorimeter
and a cuvette of a 10 mm length
(Recommendations on uniform color spaces, 1971),
the color parameters in CIELab colorimetric system
have been obtained. All measurements have been
carried out at room temperature immediately after
opening the oil bottle. , Color coordinates, color
parameters a, b and brightness L of tested samples
have been measured. The chlorophyll and f —
carotene are calculated by using the transmission
spectra in the visible region and values for color
parameters by software program developed
specially for Lovibond PFX 880 from the producer.

Parameters such as chroma (C;, ) and hue ha, were
defined by Eqns (2) and (3):

Ch =) +(b) @)

h,, = arctan [b—j (3)

RESULTS AND DISCUSSION

The fluorescence spectra in the visible
region of the investigated samples are obtained for
excitation wavelength respectively Ae = 370 nm,
395 nm, 425 nm and 450 nm. The best ration for
fluorescence emission vs. excitation intensity is
found at Ae = 395 nm (Figure 1).
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Fig. 1. Fluorescence spectra of the olive oil samples.

There are four fluorescence peaks for
investigated samples related to  — carotene at A =
430 nm; oxidation products at about A= (500-520)
nm; chlorophyll at A = (675-678) nm; non-
determined pigments at A = 700 nm.

Color parameters for investigated samples are
measured in CIELab colorimetric system. The
results are present in Table 1.

Table 1. Color parameters for olive oil and its double
mixture with sunflower oil.

Samples SFO MIX EVOO
Olive ail
concentration, 0 50 100
%
L 92.51 90 81.1
a -1.73 -12.1 -11.7
b 6.93 55.6 81.1
Cab 7.14 56.9 81.9
AE 75.68 27 0
hap -76 -71.8 -81.8
[—carotene, ppm 2 18.4 34.7
Chlorophyll, ppm 0.011 20.7 5.18

The brightness L decreases with increasing of
concentration of extra virgin olive oil and content
of B — carotene and chlorophyll increases. The
influence of green component increases when the
content of olive oil is raised. The linear dependence
exists between values of b* and concentration of
olive oil. The greatest color difference is between
pure olive oil and sunflower oil.
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Fig. 2. RI dispersion curves of the olive oil samples.
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Fig. 4. Normalized experimental data for the olive oil
samples.

The data obtained from the two wavelengths RI
measurements were used for the construction of
dispersion curves using the one-term Sellmeier
equation far from the fundamental absorption
band®. By the one-oscillator Sellmeier’s model we
can determine the Sellmeier’s coefficients s and As
from the systems:
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Then we can calculate the RI dispersion curves
in the visible spectral range for all samples using
the already determined coefficients. Figure 2
presents the obtained dependences for RI.

The refractive indices of the EVOO measured at
room temperature are in very good agreement with
the results announced in work®. The comparison of
dispersion curves shows that the RI is the lowest for
the EVOO and the RI value increases in direct
proportional to adding of SFO as it is shown in
Figure 3 for two wavelengths — 405 nm and 532
nm. It is shown that the reduction of the RI is
associated with a greater amount of EVOO.

In Figure 4 the normalized changes of the
fluorescence peak, the normalized content of
chlorophyll and B — carotene and the normalized
color characteristics with the increase of the SFO
content are presented. In Figure 4 each parameter
value is normalized by using the EVOO value as
reference.

The increase of the two fluorescence peaks
(les1/ls20 and les1/laze) and the color parameter b
associated with a greater amount of EVOO could
be related to the increase of chlorophyll and B —
carotene too.

In view of the results of the RI and the chemical
analysis presented in Figure 3 and Figure 4 the RI
reduction could be related to the increase of the
chlorophyll content and of § — carotene content.

In future investigations the authors plan to study
in more detail the relation between fatty acid
content of the samples and the intensity of the
fluorescence peaks as well as the relation between
chlorophyll and  — carotene contents and RI.

Hence, three independent optical methods —
measuring of refractive indices, fluorescence
spectra, and color parameters, can be used for
identify a pure EVOO and determining the presence
of SFO adulterant. The results obtained
demonstrate that the measured physical parameters
are related to chemical structure and content of the
olive oils. So, these methods are useful of the
detection of adulteration of extra virgin olive oil
with cheap sunflower oil.

Acknowledgement. The authors thank the
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XAPAKTEPU3UPAHE HA CTYJIEHO ITPECOBAH 3EXTUH, ®AJIITNPUILIMPAH C OJINO,
YPE3 PA3JINMYHN OU3NYHU METOAU

T. Mopuera'”, K. Hukonosa?, A. Bupanesa!, 1. Boxypos?, T. Edrumos!
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ITocrpnuna Ha 11 aBrycrt, 2014 r.; npuera Ha 20 nexemBpy, 2014 .
(Pesrome)

B Ta3u crartus ce u3cieBa MOJNE3HOCTTA HA HAKOW (PU3MYHM METOMM 33 OTKPHUBAHETO Ha (anmudukaiys Ha
CTY/ICHO MPECOBaH 3€XTHH ¢ KOHTPOJIHMPAaHA KOHIEHTPAIMS Ha CPABHUTEIHO €BTHHO CIBHUYOTIIENOBO Macio. TecTBaHM
ca Tpu (U3MYHA METOAU 3a HM3MEPBaHE CHOTBETHO Ha mMokKaszartenutre Ha npedymBade (III1) u monydyaBane Ha
JMUCTICPCHOHHUTE KPUBH; Ha (IIYOPECUCHTHUTE CHCKTPU M HA LBETOBHUTE XapPAaKTEPUCTHKH, KOMTO Ca CBBP3aHU C
XMMHUYHATa CTPYKTypa W ChbIbpkaHuero Ha 3exrtuHHTe. CroiiHocture Ha [II1 Ha oOpa3umte ca U3MEpeHH C
€KCMIEPMMUHTAIHA HEOIPEENIEHOCT Mo-Majika oT 3x10% mo mMeTosa Ha m3desBamara AMQpPakIMOHHA KapTHHA 3a JIBE
IBIKMHA Ha BbJaHaTa — 405 nm u 532 nm mpu temmeparypa 23°C.. ®OiyopHCHEHTHATE CIEKTPH Ca M3MEPCHH C
BJIAKHECTOONTHYCH criekTpoMeThp AvaSpec-2038, Avantes, kato oOpa3uure Osixa BB30YKIAHH ChC CBETOIHOM,
U3TBYBAIIU cboTBeTHO HA 370 nm, 395 nm, 425 nm u 450 nm. UycTBUTETHOCTTa Ha CIIEKTpOMETEpa B obmactra (200 —
1100) nm e okono 8 nm. M3yuenu Osixa nperoBute xapakrepuctuku (L*, a*, b*,C* u hgp) Ha ommoro B SIELab
konopuMmerpuyHa cuctema upe3 Lovibond PFX 880. LiBeroBu xapakTepHCTHKH Osixa M3MOJI3BAHM 3a ONpEAesHe Ha [3 -
KapoTHH U Ha ChABPKAHUETO HA XJIOPOQHI B U3CIe[BaHUTE MPOoOU. BCHUKM MOMYYEeHH €KCHePUMEHTAIHH Pe3yJITaTh
MOKa3Baxa, 4e TPUTE MPEJCTABEHH ONTUYECKH METOH Ca B3aMMOCBBP3aHU M OMXa MOTJIH Jia ObJaT MOJe3HU 3a ObP30
OTKpHBaHe Ha (anmudukanys Ha CTYJCHO MPECOBAH 3€XTHH ChC CIBHYOINIECAOBO OJNIMO. Te3u TEeXHUKU ca Obp3u H
YYBCTBUTEJHH, & OCBCH TOBA HE M3KMCKBAT M3II0I3BAHETO HA HUKAKBH JOMIBJIHUTEIHH XUMUYECKH arcHTH.

19



Bulgarian Chemical Communications, Volume 46, Special issue B (pp.20 —24) 2014

Physical studies of plant wax from watermelon

I.N. Panchev!”, S.D. Pashova?, R.S. Radev?, D.N. Petrov?, D.G. Kovacheva*

tUniversity of Food Technologies, Plovdiv 4002, Bulgaria
2University of Economics, Varna, Bulgaria
3Plovdiv University “Paisii Hilendarski”, Plovdiv 4000, Bulgaria
“Institute of General and Inorganic Chemistry, BAS, Sofia, Bulgaria

Received August 17, 2014; Revised December 12, 2014

The plant wax isolated from the cuticle of watermelon (Citrullus lanatus), American variety Crimson Sweet is
investigated in this study. The isolated plant wax is characterized by means of infrared spectroscopy (IR), X-ray
diffraction (XRD), differential thermal analysis (DTA) and scanning electron microscopy (SEM). The obtained results
for the composition, structure and the thermal stability of the studied plant wax are necessary for defining the exact
composition, properties and quality of edible films, containing the studied plant wax as a hydrophobic component.

Key words: plant wax, watermelon, cuticle, edible films and coatings

INTRODUCTION

An alternative of the synthetic packages is the
preparation and use of edible films from natural
biomaterials. This is a problem of the present day,
which involves a high number of scientists from all
over the world [1-3]. The limited use of these
packaging materials, in which composition the
main components are proteins and polysaccharides,
is due to the high prime cost and to the bad
moisture protection of the covered foods. One of
the possibilities to improve their hydrophobic
properties is to add lipids and waxes in their
composition.

Plant waxes are situated on the surface of higher
plants (leafs, flowers, fruits) and are directly
influenced by the environment. They reduced the
transpiration (evaporation of water) through the
cuticle increase the stability of plants towards
different diseases and frost, made the surface of
plants more stable towards moisture [4-6]. The
main components in the composition of plant waxes
are hydrocarbons, esters (mono-, di-, hydroxyl-),
free primary alcohols, aldehydes, free acids,
secondary alcohols, ketones and hydroxyl ketones,
free diols, glycerides, triterpenes. There are lipids
in the composition of plant waxes which prevent
the plants from the unsuitable action of the factors
of the environment. The lipids are used in edible
films as a barrier towards gases, moisture (the
cuticle of fresh fruits contains waxes) and to
improve the sensor properties of foods (appearance,

* To whom all correspondence should be sent.
E-mail: ivan_n_panchev@abv.bg

vain show). The thick edible films must be removed
before consumption of the food, when are used thin
layer of edible films, they are suitable for
consumption [7].

The composition of edible films usually contain
beeswax and some plant waxes, which are obtained
in high quantity - candelilla wax, carnauba wax.
There are good results obtained by using of
beeswax [8,9], candelilla wax [10,11], carnauba
wax [12] which increase the hydrophobic properties
of the food emulsion films [13,14]. More
perspective from an economic point of view at the
present moment is the possibility to replace them
with a plant wax, obtained from waste materials of
the food and of the agricultural technology [15]. In
connection with this it is interested to investigate
the possibility of using the peels of watermelons,
which are waste materials from the places of public
resort and a raw material from which is extracted
the plant wax. The plant wax obtained from the
watermelon is not studied up to this moment.

The scope of this study is to investigate the
physical characteristics of the plant wax isolated
from the cuticle of watermelon (Citrullus lanatus),
American variety Crimson Sweet, cultivated and
offered in Bulgaria. They determined the properties
of the plant wax and the possibility to be used as a
component in the composition of emulsion edible
films, increasing its hydrophobic properties.

EXPERIMENTAL

The object of research is the most popular and
cultivated in Bulgaria American variety (Crimson
Sweet) watermelon (Citrullus lanatus).

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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The methods used for the physical study of the

plant wax, extracted from the cuticle of watermelon
(Citrullus lanatus) are as follows:
e The plant wax was extracted from the raw
material with a heated up to 50°C chloroform for
3 minutes. The obtained warm extract was
filtrated and concentrated. The concentrating has
been done by evaporation of the solvent. The
obtained plant wax was dried and stored at
temperature 3°C. The method was first applied
and described from Casado and Heridia [16].

IR spectra were recorded on a Perkin-Elmer
1750 FTIR spectrophotometer in the range of
4000-450 cm™™. The samples were pressed in KBr
tablets.

XRD were collected at room temperature 25 °C
on a Bruker D8 Advance instrument with CuKa
radiation and a LynxEye detector within the 20
range from 5.3 to 80°, with a constant step 0.02°,
20 degrees at counting time 1 s/step. Data
evaluation was made with the use of a Software
package EVA phase identification was made
with the use of data base ICDD-PDF2.

DTA — TG studies were made according to the
method, described from Wendlandt [17]. The
principle of the DTA - TG method is based on
measuring of the temperature difference between
the reference and the studied samples. Depending
on the ongoing processes in the studied material
(exothermic or endothermic) positive or negative
difference in the temperature can be registered.

The method has been carried out on LABSYS
TM EVO apparatus, SETARAM, France in the
temperature region of 10 - 300 °C, heating rate 5
°C/min and gas carrier - Synthetic air passing out
through the workspace with rate of 20 ml/min.
The studied sample with weight 10 - 20 mg has
been placed in corundum crucible. The numerical
data of the mass changes of the sample have been
collected and presented in xls or dat files. TG-
resolution - 0.02 ug, dynamic drift of the baseline
(1 hour) - 10 pg.

e Scanning electron microscope (SEM) Jeol T-
200 Japan, was used to study the surface
morphology of the obtained wax samples.

RESULTS AND DISCUSSION

The difference between the mineral waxes and
those containing lipids and butyric acids can be
observed by means of IR spectroscopy (Dudley and
Fleming [18]. The wax from Citrullus lanatus
belongs to the second type and its spectra seens
much more complicated compared to those of the
mineral waxes. From the frequencies of the
absorption peaks, it is impossible to determine
whether various functional groups are present or
absent [18].

The obtained results by the means of IR
spectroscopy of the studied plant wax isolated from
Citrullus lanatus are shown in Figure 1.
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Fig. 1. The IR spectra of the wax from Citrullus lanatus
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On Figure 1, the IR spectrum of the wax from
Citrullus lanatus shows that clear peak points at
about 720 cm* corresponding to —CH> groups, and
the presence of the — CHs group at about 1463 cm™.
The following peaks have been also found: 730 cmr
11109 cm™, 1168 cm™®, 1263 cm?, 1378 cm™, 1473
cm?, 1714 cm?, 1738 cm™. 2849 cm™, 2918 cm?,
3432 cm?. More detailed identification of these
peaks and the corresponding compounds will be
done in a following study, by means of gas
chromatography. As it can be seen, the IR spectra
show the bands characteristic for wax at 3432 cm
— the stretching vibrations of intermolecular bound
hydroxy! groups and/or water molecules. Doublet at
2849 cm? and 2919 cm™* — stretching vibrations of
CH groups, 1714 cm? and 1738 cm — stretching
vibrations of the carbonyls of esters and CO groups
of un-ionized carboxyls of terpenoids or organic
acids; 1473 cm™ — planar deformation vibrations of
CH groups (-CH; scissors) and doublet at 720 cm'?
— nonplanar skeletal deformation vibrations of
long-chain hydrocarbons; 1168 cm? stretching
vibrations of C-O-C groups. The following peaks
have been also detected: A cluster of features for
the CH, symmetric stretches at 2849 cm™ and 2918
cmt; 1378 cm® — corresponds to CH3 — symmetric

deformation. It should be mentioned that the
features for the methylene C-H stretches are in
agreement with the traditional explanation of the
spectra of long-chain aliphatic molecules®® (Gibbs
2002). However some authors have pointed out that
the absorption band at 2849 cm? is due to the
absorption of neighboring methylene groups in
trans-configuration and the mentioned band can be
taken as evidence of all trans configurations, as it is
expected for a wax in crystalline state. The band at
1378 cm™ can be related to the “O—-H deformation”
i.e. C-O-H angle bend, as reported by Gibbs'®
(Gibbs 2002). This C-O-H in-plane angle-bending
mode may account for the shoulder at 1453 cm*
found on the lower side of the strong CH scissors
feature at 1473 cm. This band can also be assigned
to the CHs; symmetric deformation, as was
mentioned above. According the data obtained from
the FT-IR analysis we can conclude that the
adjacent methylene groups are predominantly in the
trans configuration and absorb strongly at 2849
cm? and also the watermelon wax contains long-
chain aliphatic molecules or n-paraffins (mixture of
different hydrocarbons) coexisting with terpenoids,
organic acids and water molecules.

n-Paraffin

Fig. 2. X-ray structure analysis of the wax from Citrullus lanatus

Figure 2 shows powder XRD pattern of the
samples with well-defined peaks corresponding to
n-Paraffin, described in orthorhombic Space Group
Pnam with unit cell parameters a=7.455A,
b=4.966A and c¢=2.589A. From the study of the
wax from Citrullus lanatus by means of X-ray
structure analysis, it was ascertained that the
dominating component of the wax studied is normal
paraffin containing straight chains of -(CH2)n-
(ICDD-PDF2 # 40-1995). It should be mentioned
that 2.589A is the minimal distance corresponding
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to one carbon in the alkane chain and the cell
described above should be considered as a sub cell.
Usually n-alkanes have c-chain length varying
between 5 and 60 carbon atoms. The melting point
increases with the increase of the chain length.

The results of the DTA —TG studies of the plant
wax from (Citrullus lanatus) were presented on
Fig. 3.

DTA-TG thermograms (e. g. Figure 3) present two
endotherm peaks of the studied plant wax. The first
one is in the temperature interval 45-93.4 °C, for
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which one is clearly expressed a deep peak
maximum 79 °C and temperatures of onset 75.8 °C
and offset 82.4 °C. The second one is quite more
stretched from the first one in the temperature
interval 96-233 °C and with a peak maximum at
169 °C and temperatures of onset 169 °C and offset
230 °C. The term gravimetric curve of the mass
changes shows that the main loss of the mass

HeatFlow (4V)

started after 200 °C. The main conclusion from the
carried out research is, for the preparation of edible
films the studied plant wax must be heated at least
up to 80 °C, in order to achieve its dispersed in
water emulsion at the same temperature, which will
spare  the thermal  sensible  biopolymer

macromolecules.

60 70 80 20

100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250 260
Temperature (°C)

270 280 280 300 310

Fig. 3. DTA —TG analysis of the wax from Citrullus lanatus

Fig. 4. SEM analysis of the wax from Citrullus lanatus

The results of the SEM studies of the plant wax
from (Citrullus lanatus) were presented on Fig. 4.
The structural image obtained from the SEM (Fig.
4) proved that the plant wax extracted from
watermelon (Citrullus lanatus) is a complicate
capillary-pore system.

CONCLUSION

FT-IR analysis indicate that the adjacent
methylene groups in the studied wax are
predominantly in the trans configuration and absorb
strongly at 2849 cm™. The watermelon wax

contains long-chain aliphatic molecules or n-
paraffins coexisting with water molecules,
terpenoids and organic acids.

It can be concluded that the dominating
component in the composition of the studied wax is
n-Paraffin. The DTA-TG analysis shows that the
main loss of the mass started after 200 °C. The
capillary-pore system of the studied was has been
confirmed.

In this study we also found that for the
preparation of edible films using the studied plant
wax is necessary to heat it at least up to 80 °C, in
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order to achieve its disperse in the water emulsion
at the same temperature.

The obtained results for the composition,
structure and thermo stability of the studies plant
wax are of great value. They are necessary for the
determination of the optimal composition,
properties and quality of the edible films which
contained as a hydrophobic component the studied
wax.
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OU3NYHU U3CJIEABAHMSA BbPXY PACTUTEJIEH BOCHBK OT IMHA
W.H. [Manues®”, C.JI. [lamosa?, P.C. Panes?, [I.H. Iletpos?, /I.I". Koauesa®

YVhusepcumem no xpanumennu mexnonozuu, Iloeoue
2Hxonomuyecku ynusepcumem, Bapua
3[Thosouecku Yuueepcumem ,, [laucuti Xunenoapcku *
AUncmumym no obwa u neopeanuuna xumus, 5AH, Cogus

[ocrprmna va 17 aBrycr, 2014 r. ; mpueta Ha 12 nexemspw, 2014 T..

(Pesrome)

B Hacrosimiata pabota e W3cieABaH pacTHTENIEH BOCHK, M3onupan oT kytukyiara Ha nuHs (Citrullus lanatus),
amepukancku copt Crimson Sweet. M3onupaHHAT pacTHTENCH BOCBK € HM3CICIBaH IOCPEICTBOM HH(ppadepBeHa
cnektpockorus (MY), pentrenoa mudpakmus (XRD), mudepennumanao tepmmueH ananu3 (DTA) u ckanupama
enektpoHHa Mukpockonus (SEM). IMomydeHurte pe3yiraTtd 3a chCcTaBa, CTPYKTypaTa M TepPMHUYHATa CTAaOMIHOCT Ha
W3CIIeIBaHMs PACTUTENICH BOCHK ca HEOOXOAUMHU 3a eUuHHUpaHe Ha TOYHHS XHUMHYEH ChCTaB, CBOMCTBA U KaYeCTBO Ha
SIUTMBY QUIIMH, CHIBPIKAIIU KaTO XUAPO(POOHAa KOMITOHEHTA U3Y4aBaHHs BOCHK.
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Apple pomace - wheat semolina blends were extruded in a laboratory single screw extruder (Brabender 20 DN,
Germany) with screw diameter 19 mm and die diameter 5 mm. Effects of feed composition, moisture content, screw
speed, and barrel temperature on color of the extruded products were studied. Response surface methodology with
combinations of feed composition (10, 30, 50, 70, 90%), moisture content (17, 20, 23, 26, 29%), screw speed (120, 150,
180, 210, 240 rpm), and barrel temperature (130, 140, 150, 160, 170°C) was applied. Feed screw speed was fixed at 70
rpm. The compression ratio of the screw was 3:1. The temperatures of the feed and 11" zone were 150 and 160°C,
respectively. The color changes of apple pomace - wheat semolina blends during extrusion were measured in CIE Lab
color system using a colorimeter Colorgard 2000 (BYK — Gardner Inc., USA). The total color differences between the
extruded and non-extruded samples were expressed by AE. The average AE values ranged from 6.52 to 10.94.
Statistical analysis showed that feed composition, feed moisture content, and barrel temperature had an effect on the

total color differences (P<0.05) whereas the screw speed had no effect on the color.

Keywords: color, extrusion, apple pomace
INTRODUCTION

In many areas of the food industry, extrusion is
an important manufacturing method. The
processing conditions used in extrusion cooking -
high temperature, pressure, and low maoisture
content of the feed - often give rise to a colored
product or even a change in the color of the raw
feed even though the residence time is low. It is
logical to assume that the conditions of extrusion
processing directly affect the color of the product
although post-extrusion treatment also has a role to
play [1-3]. Harper [4] mentioned that fading of
color components is a common occurrence in
extruded foods.

Color is perceived three dimensionally, based on
responses of three different receptors (red, green,
and blue) in the human eye [5]. The Judd—-Hunter L,
a, b and CIE Lab L% a", b" are alternative color
scales used to measure the degree of lightness (L),
the degree of redness (+a) or greenness (-a), and the
degree of yellowness (+b) or blueness (-b), with the
CIE Lab scale being most commonly used for the
evaluation of color in foods [6]. Conversion of a”
and b" readings to hue and chroma values gives
results more closely associated with human
perception [7].

The aim of this investigation was to study the

* To whom all correspondence should be sent.
E-mail: dorrapetrova@abv.bg

effect of extrusion variables on the color of
extruded apple pomace - wheat semolina blends.

EXPERIMENTAL
Materials

Apple pomace is a by-product obtained during
juice processing. Commercial apples (Granny
Smith variety) are refrigerated and stored until the
juice processing. The apple pomaces are dried a
laboratory heat dryer at 60°C. The dried pomaces
were ground using a hammer mill then mixed with
commercial wheat semolina and distilled water to
be obtained the desired ratios (Table 1). The
prepared wet samples were placed and kept in
sealed plastic bags for 12 h in a refrigerator at 5°C.
The samples were tempered for 2 h at room
temperature prior to extrusion.

Extrusion

The samples were extruded in a laboratory
single screw extruder (Brabender 20 DN,
Germany). The extruder barrel (476.5 mm in length
and 20 mm in diameter) contained three sections
and independently controlled die assembly electric
heaters. The feed screw speed was fixed at 70 rpm.
The screw speed was 120, 150, 180, 210, 240 rpm
according to the experimental design (Table 1). The
compression ratio of the screw was 3:1. The
temperatures of the feed and kneading zone were
150 and 160°C, respectively. The temperature of
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Table 1. Independent variable values and corresponding levels

Independent variables

Levels

-2 -1 0 +1 +2

Apple pomace / wheat semolina (Cpom), % - X1
Feed moisture content (W), % - X»

Screw speed (n), rpm — Xa

Final cooking zone temperature (Tm), °C — X4

10 30 50 70 90
17 20 23 26 29
120 150 180 210 240
130 140 150 160 170

Table 2. Color parameters (L*, a*, and b* values) of non-
extruded apple pomace — wheat semolina blends
Apple pomace

content (%) L a b
10 89.28 1.99 24.54
30 83.24 3.36 28.74
50 80.31 4.00 30.09
70 80.45 3.98 30.46
90 81.26 3.79 29.76

the final cooking zone was 130, 140, 150, 160,
170°C. The die diameter was 5 mm.

Total color difference (AE)

The extrudates were finely ground using a
laboratory hammer mill. The color parameters
determined for the raw blends (non-extruded) and
extruded samples included L", a” and b” values (CIE
Lab system) using a colorimeter Colorgard 2000,
BYK — Gardner Inc., USA. Total color difference
(AE) was calculated applying the equation

AE = J(L-L, ) +(a—a, } +(b—b,)’

D)

where L, a, and b are the values for the extruded
samples; Lo, a0, and b, are the values for the raw
blends (Table 2).

The color parameters are the mean values of ten
observations.

Experimental design and data analysis

The effect of feed composition (apple
pomace/wheat semolina) - Xi, feed moisture
content - X, screw speed — Xs, and temperature of
final cooking zone — X4 on color (response, y) of
the extruded products was investigated using
response surface methodology (Table 1). A central
composite rotatable design was used: 2k+2.k+nq,
where k is the number of the independent variables,
No the replicates of the center point (n,=5).

A regression model is the following:

n n n n
i=1 i=1 i=1 j=1 (2)
where bo, b, bii, and bjj are constant coefficients.
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SYSTAT statistical software (SPSS Inc.,
Chicago, USA, version 7.1) and Excel were used to
analyze the data results.

RESULTS AND DISCUSSION

The total color differences between the extruded
and non-extruded samples expressed by AE are
given in Table 3. The extrudates were darker in
color compared to their raw blends. L" values of the
extruded samples (from 72.06 to 83.03) were lower
than Lo values of the raw blends (from 80.31 to
89.28). This may be due to the formation of brown
pigments through non-enzymatic reactions that
occur during the product processing.

Our results show that the total color difference
of the extruded apple pomace - wheat semolina
blends increases from 8.24 to 10.41 (L™ value
decreases from 77.14 to 72.11) with raising the feed
moisture content from 17 to 29% at apple pomace
content 50%, temperature of final cooking zone
150°C, and screw speed 180 rpm. Gujska and
Khan® have extruded high starch fractions of navy,
pinto, and garbanzo beans with different feed
moisture contents. They have reported that
increasing moisture content resulted in decreased L*
values of the extruded beans.

L" value of the extruded apple pomace - wheat
semolina blends increases from 75.61 to 82.96 with
raising the screw speed from 120 to 240 rpm at
apple pomace content 50%, feed moisture content
23%, and temperature of final cooking zone 150°C.
Similar finding was reported by Kannadhason et al.
[9].

The results of the statistical analysis of variance
(ANOVA) for the color show that 6 effects have P-
values less than 0.05 indicating that they are
significantly different from zero at the 95.0%
confidence level. The R-squared statistic is 0.80;
the standard error of the estimate - 0.89, the mean
absolute error - 0.45. The regression equation
describing the effect of extrusion variables on the
total color difference (AE) of extruded apple
pomace - wheat semolina blends is given in Table
4. The coefficients in the regression equation can be
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used to examine the significance of each term
relative to each other when used with coded values.
Statistical analysis showed that feed composition,
feed moisture content, and temperature of final
cooking zone had an effect on the total color
differences (P<0.05), whereas screw speed had no
effect on the color. Each of the estimated effects
and interactions are shown in the standardized
diagram (Figure 1). The linear effect due to the feed
composition of the apple pomace - wheat semolina
blend had mostly influence on the total color
difference followed by squared and linear effects
due to the feed moisture content.

The effect of changes in feed moisture content
and feed composition on the total color differences
of the samples is given in Figure 2. AE values
increased with an increase in moisture content and
apple pomace content in the blends.

Standardized Pareto Chart for E

Standardized effect

Fig. 1. Estimated effects of regression model coefficients
on the total color differences.

Table 3. Total color differences of extruded apple pomace — wheat semolina blends

Ne L* a" b* AE

1. 81.02 3.47 22.54 6.59
2. 72.40 4.66 23.91 10.40
3. 78.18 3.94 23.67 7.19
4. 73.67 5.41 22.07 10.88
5. 79.46 3.94 22.86 7.01
6. 73.34 4.48 24.03 9.60
7. 75.34 4.35 23.41 9.58
8. 72.06 5.97 23.73 10.94
9. 83.03 3.36 22.22 6.52
10. 73.91 4.84 22.53 10.31
11 76.53 4.20 22.70 9.07
12. 78.77 3.72 22.30 8.34
13. 79.08 4.04 23.38 6.82
14. 77.38 4.48 24.64 6.60
15. 80.57 3.53 21.30 791
16. 77.07 4.12 23.31 791
17. 80.66 4.00 22.45 9.09
18. 76.84 5.14 22.61 8.51
19. 77.14 457 2251 8.24
20. 72.11 5.19 23.79 10.41
21. 75.61 4.01 21.52 9.77
22. 82.96 3.92 22.59 7.95
23. 73.02 5.62 24.46 9.35
24. 82.54 4.22 22.35 8.06
25. 81.98 4.00 22.49 7.18
26. 80.53 4.53 23.12 6.99
27. 80.18 3.76 23.28 6.79
28. 80.06 3.46 22.89 7.23
29. 80.13 3.88 23.19 6.88
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Fig. 2. Effect of feed moisture and feed composition on the total color difference (AE) of extruded apple pomace -
wheat semolina blends.

Table 4. Regression equation coefficients for total color
differences of extruded apple pomace — wheat semolina
blends in terms of coded variables (correlation
coefficient, R? = 0.80)

Variables Coefficients
Constant +60.6185
X1 +0.6012"
X2 -2.0634"
X3 +0.0181
X4 -0.5978"
X1X1 +0.0009
XaXa +0.0560"
X3X3 +0.0004"
XaXa +0.0035
XXz - 0.0059
X1X3 - 0.0007
X1 X4 -0.0027"
X2X3 +0.0032
XoX4 -0.0042
XaXs - 0.0015

X; - feed composition (%), X, - feed moisture (%),
X3 - screw speed (rpm), X4 - barrel temperature (°C).
*Significant at 95% CI.

CONCLUSION

The effect of extrusion variables on the color of
apple pomace - wheat semolina extrudates was
studied. The color changes of apple pomace - wheat
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semolina blends during extrusion were measured in
CIE Lab color system wusing a colorimeter
Colorgard 2000 (BYK — Gardner Inc., USA). The
total color differences between the extruded and
non-extruded samples were expressed by AE. The
average AE values ranged from 6.52 to 10.94.
Statistical analysis showed that feed composition,
feed moisture content, and temperature of final
cooking zone had an effect on the total color
differences (P<0.05), whereas screw speed had no
effect on the color.
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BJIMAHUE HA HAKOU ITAPAMETPU HA EKCTPYJIMPAHE BHPXY [IBETA HA
EKCTPYIATH OT AbBJIIKOBU ITPECOBKHM U INIIEHWUYEH I'PUC

M.M. Pyckosa?!, T.B. Ilerposa®”, H.JI. [Tenos?

YUncmumym 3a uscnedsane u pazeumue na xpanume, 6yn. ,, Bacun Anpunos* 154, 4000 Inosous, Bvrzapus
2YVnusepcumem no xpanumenny mexwnonozauu, 6yi. ,, Mapuya“ 26, 4000 IInosous, Bvieapus

Iloctpnnna Ha 2 okromBpH, 2014 r.; npuera Ha 20 nexemspu, 2014 r.
(Pestome)

Cmecn OT S0BJIKOBH NPECOBKM M IIIEHWYEH TPUC Ca EKCTPYAMPaHH Ha €JHOLIHEKOB JIa00paToOpeH eKCTpylep
(Brabender 20 DN, I'epmanust) ¢ nuaMeThp Ha HiHeKa 19 mm u 1uaMeTsp Ha Jro3ata Ha Marpuiara S mm. M3ciensano
€ BIMSHHETO Ha CBHIBPKAHWETO Ha SIOBIKOBH IPECOBKH, BIAXKHOCTTA, YECTOTaTa Ha BBPTCHE HA IOHEKA H
TeMIIepaTypaTa Ha MaTpHUIlaTa BbPXY IIBETa Ha EKCTPYAMPAHUTE NPOAYKTH. [IpHuioxkeH € MeTosa Ha MOBBPXHOCTTA Ha
OTpaKEHHETO ChC CICAHUTE KOMOWHAINH: ChIbpikaHue Ha s0bpmkoBH mpecosku (10, 30, 50, 70, 90%), BmaxuocT (17,
20, 23, 26, 29%), uectoTa Ha BEpTeHe Ha mHeka (120, 150, 180, 210, 240 min™) u Temneparypa Ha mMarpumata (130,
140, 150, 160, 170°C). YecToTaTa Ha BEPTEHE Ha JO3MPAINNS IHEK ce Ppukcupa Ha 70 min™. CTemeHTa Ha KOMIIpECHs
Ha mHeka e 3:1. TemmeparypuTe Ha WBpBa M BTOpa 30HA ca (uKcHpaHu choTBeTHO Ha 150 m 160°C. LlBersT Ha
ekctpynature ¢ usmepen ¢ komopumerbp Colorgard 2000, BYK — Gardner Inc., USA. 1lBeToBuTe pasiuku MEKIY
EKCTPYAMpaHUTE U HeeKCTpyaupaHute npodu ca uspazeHu ot AE. Cpennure croitHoctu Ha AE Bapupat ot 6,52 1o
10,94. CraTiucTHYECKUAT aHAJIN3 TI0Ka3Ba, Y€ ChIbP)KaHUETO Ha SOBIKOBH NPECOBKHU, BIAKHOCTTA U TeMIlepaTypaTa Ha
MaTpuilaTa OKa3BaT BIMSHUE BBpXY 1BeToBUTE pa3inuku (P <0.05), nokato uectoraTta Ha BbpPTEHE Ha LIHEKA HE BIUsSIE
BBPXY IIBETA.
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Oxidative stability and stabilization of grape seed oil
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Oxidative stability of vegetable oil recovered from grape seeds was investigated. The Induction period (IP) of the oil
determined by Rancimat method at 100°C was found to be 7 h. Different natural antioxidant mixtures and individual
pure compounds were examined for stabilization of the oil. The use of vegetable extracts, in concentration 0.3% has
insignificant effect on the stabilization (1.1 - 1.3 times). The addition of some individual pure antioxidants in
concentration 0.05% has a better effect. The best results were established using butyl gallate — Induction period was
26.2 h and rosemary — Ip was 18.7 h. The oxidative stability increased gradually with the increasing of concentration of
butyl gallate and was highest at 0.2%- Induction period was found to be 42.1 h.

Key words: Grape seed oil, oxidative stability, stabilization, antioxidants

INTRODUCTION

The fruits of grape (Vitis vinifera L.) find
application as food for direct consumption, as well
as source for the production of wine. Grape seeds
are waste product after separation of the wine and
have recently been utilized for obtaining of
glyceride oil [1-3]. The grape seed oil presents
interest as functional food with therapeutical effect
because it contains a high quantity of
polyunsaturated fatty acids in particular linoleic
acid [4]. Moreover glyceride oil is used as salad oil
and for preparing cosmetic products. Besides
triacylglycerols, the glyceride oil contains micro
components valuable biologically active substances
as tocopherols, phytosterols, carotenoids which
play a significant role for the estimation of food
value and increasing oxidative stability [5]. On the
other hand, the presence of high content of
unsaturated fatty acids makes the oil very unstable
towards oxidation, the term of storage decreases
and the oil deteriorated of food value.

Lipid oxidation of grape seed oil is an important
problem and leads to a decrease of quality, safety
and nutritional value. For stabilization and
prolongation of the term for conservation of the oil
many different antioxidants in food chemistry are
used for stabilization and prolongation safety of the
oil. Natural antioxidants come from plant leafs;
stems or seeds are in high demand for food
application because of their safety compared to

* To whom all correspondence should be sent.
E-mail: magzlat@uni-plovdiv.bg
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synthetic antioxidants [6, 7].

In Bulgaria, there are has also significant
guantities of grape seeds as waste products which
are used for obtaining of glyceride oil. So far, the
composition and oxidative stability of the oil have
not been investigated. In this connection the aim of
this work is to investigate the composition of the
oil, its oxidative stability and possibilities for
stabilization of the oil by different natural and
synthetic antioxidants for prolongation of the term
for preservation of its food value.

EXPERIMENTAL

All solvents and reagents were with analytical
grade of purity and were used without additional
purification. Reference phospholipids and fatty acid
methyl esters were purchased from Fluka (Chemie
Gmbh,  Switzerland). Reference tocopherols
isomers and individual sterols were purchased from
Merck (Darmstadt, Germany).

Sample: Grape seed oil. The oil was purchased
from a local market and was used directly for the
investigation.

Determination of bioactive compounds

Phospholipids.The quantification was carried
out spectrophotometrically against a standard curve
by measuring the phosphorous content at 700 nm
after and mineralization of the substance with a
mixture of perchloric acid and sulphuric acid, 1:1
by volume. Etalon — 10 ul/cm® water solution of
KH2PO4 as phosphorus [8].

Sterols. The oil was hydrolized with ethanolic
KOH [9], sterols were extracted with light

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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petroleum ether and purified by thin layer
chromatography.

Total sterol content was
spectrophotometrically [10] at 597 nm.

Tocopherols. Tocopherols were determined
directly in the oil by high performance liquid
chromatography (HPLC) [11] on a “Merck-
Hitachi” (Merck, Darmstadt, Germany) instrument
equipped with 250 mm x 4 mm Nucleosil Si 50 — 5
column (Merck, Darmstadt, Germany) and
fluorescent detector “Merck-Hitachi” F 1000.

Fatty acids.The fatty acid composition was
determined by gas chromatography after
transmethylation of the respective sample with 2%
methanolic H,SO4 at 50°C according to Christie [9].
GC was performed on a HP 5890 (Hewlett Packard
GmbH, Austria) gas chromatograph equipped with
a 60 m x 0.25 mm (1.D.) capillary DB — 23 column
(Hewlett Packard GmbH, Austria) and a FID [12].

Antioxidants. Antioxidants were purchased from
Fluka (Chemie Gmbh, Switzerland): butyl gallate,
Merck (Darmstadt, Germany) - a-tocopherol,
oxynex, Hofman-La Roshe (Switzerland) -
ascorbylpalmitat; Koch-Light Laboratories Ltd
(Germany) — quercetin and rosemary. The natural
antioxidant  mixtures are with  undefined
composition and were obtained by “Ikarov” Ltd.

Stabilization. To the samples (25 g grape seed
oil) were added natural and synthetic antioxidants
as pure compounds or as mixture of two
compounds. The compositions of antioxidants were
prepared as follows: The compounds were precisely
weighed and solubilized in pure ethanol as 20 g/100
ml solution. Then the solution was added to the oil
in order to obtain desired concentration of the
antioxidants. The obtained solution was vigorously
mixed and than the ethanol was removed by flush
with nitrogen. Then the oil was stored in dark
bottles at 20°C.

Oxidative stability. The stability of the oil was
examined by measurement the change of Induction
period using conductometric detection of volatile
products of oil degradation-Rancimat method [5].
The oxidative test was used Rancimat apparatus
Methrom 679 (Methrom, Herisau, Switzerland).
Three milliliters of each sample were weighted into
reaction vessel glassware. The heat temperature
was set a 100°C; the rate of air flow through the
sample was about 20 I/h; the volume of bidistilled
water into the trap was 60 ml. All determinations of
the oxidative stability were performed in three
replicates.

Antioxidative effect (AOE) was calculated by
the formula:

determined

Introducti on period (IP) with additive
IP without additive '

Statistics.All data are presented as a mean value

of three separate measurements =+ standard
deviation (SD, at P = 0.05).

RESULTS AND DISCUSSION

General characteristics of the oil were
determined, such as: content of total phospholipids,
sterols and tocopherols and fatty acid composition.
The results are shown in Table 1.

ACE =

Table 1. Content of bioactive compounds in grape seed
oil.

Compounds Content
Sterols, % 0.2 £0.06
Phospholipids, % 15+0.6
Tocopherols, mg/kg 46+0.9
Fatty acids, %

C 140 Myristic 0.1+£0.2
C 16:0 Palmitic 9.4+38
C 16:1 Palmitoleic 0.1+0.5
C 17.0 Margaric 0.1+£0.5
C 180 Stearic 3.7+£15

C 181 Oleic 179+ 3.6

C 12 Linoleic 67.9+£13.6

In comparison with other vegetable oils as
sunflower, olive, rapeseed [13], grape seed oil is
characterized by a low content of sterols and
tocopherols but the quantity of phospholipids is
relatively high. Linoleic acid predominates in the
triacylglycerols followed by oleic acid. This
composition of grape seed oil is close to data
reported earlier by other researchers [3, 6, 14-17].

Natural antioxidants and synthetic analogs of
natural antioxidants were used for stabilization of
the oils. They have some advantages in comparison
with synthetic antioxidants as follows: readily
accepted by consumers; they are safe additives with
nutraceutical value [18].

Antioxidant activity of different natural plant
antioxidant mixtures in concentration 0.3% was
examined for stabilization of grape seed oil. The
results are presented in Table 2.
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Table 2. Antioxidant activity of natural plant antioxidant mixtures.

Antioxidant mixture

Induction period, h

Antioxidative effect,

times

1. Control sample 7.0+£0.3 -

2. Comomile 8.3+0.3 1.2
3. Nettle 7.0+0.1 1.0
4, Marigold 7.0+£0.1 1.0
5. Yellow tutsan 57+0.2 0.8
6. White milfoil 7.0+0.2 1.0
7. Unsaponifiable of grape seed oil 81403 19

(extract of resveratrol)

The oxidative stability of investigated grape
seed oil was found to be higher than values reported
earlier (4.8 h), but significantly lower in
comparison with other vegetable oils as olive (22.0
h), corn (11.0 h) [19]. These data are result of
different content of unsaturated fatty acids and
respectively tocopherols and sterols — the main
antioxidant and synergist in the oil.

Rancimat test showed the insignificant
increasing of the stability (0 — 20%) regardless of
relatively high concentration of the added
antioxidant mixtures.

The effect of the individual pure natural and
synthetic antioxidants put in oil in concentration
(0.05%) is presented in Table 3.

The highest extension of the stability was
established using butyl gallate. Induction period as
index for stability was found to be 26.2 h. The other
antioxidants increase the stability significant by less
(from 7.0 h for control sample t0 9.9 — 18.7 h (1.4 -
2.7 times). In this connection the next
investigations were performed by butyl gallate
only. Since as salad oil grape seed oil is used as a
component for manufacturing of cosmetic products
where it is possible to put a large quantity of
antioxidants (about 0.2%), the investigation was
carried out with concentrations of butyl gallate 0.02
—0.2%.

Table 3. Antioxidant activity of individual pure natural and synthetic antioxidant mixtures.

Antioxidant mixtures

Induction period,

Antioxidative effect,

h times
1. Control sample 7.0+£0.3 -

2. B-carotene + a-tocopherol 9.9+0.2 14
3. Oxinex 11.1+0.4 1.6
4. Rosemary 18.7+0.4 2.7
5. Quercetine 141+0.3 2.0
6. Ascorbyl palmitat 11.3+0.5 16
7. Butyl gallate 26.2+05 3.7

45 -

40

35

30

= 25

& 5o -

15 -

10 -

5
001 003 005 0,07 0,1 0,15 0,2

Concentration of butyl gallate, %
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Fig. 1. Antioxidant activity of butyl gallate with different concentrations.

The influence of concentration of butyl gallate
over oxidant stability of the oil is presented in Fig.
1.

It was observed good -correlation between
concentration of the added butyl gallate and
increasing of the Rancimat test Induction time. The
oxidative stability increased gradually and was
highest at 0.2% - Induction period was found to be
43.0 h.

Grape seed oil has very low oxidative stability
as a result of the high content of unsaturated fatty
acids mainly linoleic. The uses of natural plant
antioxidant mixtures do not increase significantly
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OKCHUIAAHTHA CTABMJIHOCT U CTABUJIN3MPAHE HA I'PO310BO MACIJIO

T.H. OBuaposa, M.JI. 3naranos”

Kameopa ,, Xumuunu mexnonozuu *“, Inogouscku Yuusepcumem ,, Iaucuii Xunenoapcku *, 4000 I1nogous, bvreapus.

[octenmna Ha 21 aprycrt, 2014 r.; npuera Ha 27 nekemBpH, 2014 r.

(Pestome)

W3crenBaHa € OkCHIaHTHAaTa CTaOMIIHOCT Ha MacJlo, TTOJy4eHO OT TPO370BH ceMeHa. HIYKIIMOHHUAT IepHo,
onpezieneH upe3 merona Ha Rancimat mpu 100°C, e 7 yaca. 3a cTabMIM3MPAHETO HA MACJIOTO €A U3ION3BAHHU PA3IHYHU
NPUPOJTHA ©KCTPaKTH W WHAMBUIYalIHO YHCTH AaHTHOKCHJAHTH. YIoTpedaTa Ha paCTHTENIHH EKCTPaKTH B
koHreHTpanus 0,3% wuma HesHauuTeneH eekT BbpXy crabummsupanero (1,1-1,3 metH). [To-mo6bvp edekt moxazaxa
HSAKOM WHIWBUAYaTHO YUCTH aHTHOKCHAAHTH B KoHueHTpammsa 0,05%. Haii-moOpu pe3ynTatd ca MOCTUTHATH TPH
ynotpebara Ha OyTHJI Tanat, Ipyu KOMTO HMHAYKIMOHHUAT epHo € 26,2 yaca U eKCTPAKT OT PO3MAPHUH C HHAYKIIHOHEH
nepuon 18,7 waca. YcTaHOBeHO e, Ye OKCHJAHTHaTa CTAaOWJIHOCT HapacTBa 3HAYUTETHO C YBEJIMYAaBAHETO Ha
KOHLIEHTpalysiTa Ha OyTWJI rajar, KaTo Hail-moOpHM pe3yiTaTH ce mocturar npu KoHueHTtpauus 0,2%, mpu KosTo

MHIYKIUOHHUAT niepuon e 42,1 gaca.
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Sunflower oil produced by Pearl Ltd Veliko Tarnovo, with addition of Bulgarian herbs (oregano, thyme and pine
cones) has been studied. The starting sunflower oil is a linoleic type containing predominantly linoleic acid (C1g. 2 = 521
g.kg™), followed by oleic (Cis: 1 = 344 g.kg™) and palmitic (Cis:0 = 115 g.kg?) acid. Upon the examination of fatty acid
composition of sunflower oil with various herbs supplements an increase of the oleic acid from 344 g.kg™ in the control
to 422 + 441 g.kg? in the extracts has been found. Oleic / linoleic acid ratio varies between 0.95 and 1.10 in the
extracts, whereas in pure sunflower oil it is about 0.66. This ratio indicates a better balanced composition in terms of the
nutritional value of the tested samples. Adding herbs to the oil reduces the content of tocopherols (from 721 mg.kg™* to
388-459 mg.kg™), which has an impact on its oxidative stability. Adding pine cones to sunflower oil reduces its
oxidative stability about 3 times (from 10.8 h to 3.5 h), while the addition of oregano and thyme to the oil leads to
minor change in oxidative stability (from 10.8 h to 7.6h). Therefore, sunflower oil with addition of herbs is
inappropriate for heat treatment, but can be used for sauces, dressings, mayonnaise, and creams with exception of the
sample with addition of the pine cones. Color parameters of oils in SIELab colorimetric system have been studied. It
was found that the addition of oregano and thyme does not influence significantly the brightness of the samples and
leads to an increase in their green components, which is associated with an increase in chlorophyll content from 0.003
ppm for pure sunflower oil to 0.094 ppm - 0.117 ppm for samples with oregano and thyme. The addition of both recent
herbs result in double increase the content of - carotene, respectively from 2.76 ppm for the control to 4.92+ 5.77 ppm
for the oil samples with oregano and thyme.

Keywords: thyme, oregano, pine cones, fatty acid composition, tocopherols, oxidative stability, color

List of abbreviation: fraction in conventional sunflower varieties is

TLC-Thin-layer chromatography;

FAME —Fatty acid methyl esters;

GC-Gas chromatography;

HPLC- High performance liquid chromatography;
FA - Fatty acids;

IP-Induction period;

1 — Oil extract of oregano; 2 - Oil extract of pine
cones; 3 - Oil extract of thyme ; 4 -Sunflower oil

INTRODUCTION

Sunflower oil is lipid product typical for
Bulgaria with large application in cookery and food
industry. Its consumer qualities depend mainly on
its fatty acid composition, the content of
tocopherols (vitamin E), and of the possibilities to
be stable during long term storage and thermal
treatment. The main component of triacylglycerol

* To whom all correspondence should be sent.
E-mail: d.buhalova@abv.bg
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linoleic acid - 500 — 800 g.kg™, which belongs to
the essential fatty acids that are vital for the human
body. Due to its unsaturated nature, it is easily
amenable to oxidation processes under the
influence of light and oxygen from the air, a result
of which the sunflower oil relatively quickly loses
its consumer properties. Numerous attempts to
increase its oxidative stability by the addition
thereto of various natural and synthetic antioxidants
have been made.

Bulgaria is reach in great variety of herbs that
contain a high percentage of biologically active
substances. They are rich in various compounds:
alkaloids, glycosides, saponins, polysaccharides,
tannins, flavonoids, lignans, coumarins, essential
oils, vitamins, trace elements etc. In this regard, it is
interesting to carried out investigations on the
composition and stability of sunflower oil when
adding thereto of various kinds of herbs Bulgar.

The main objective of presented study is the
examination of fatty acid and tocopherol

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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composition, oxidative stability and color
parameters of oil extracts from Bulgarian herbs
(oregano, thyme and pine cones) with a view to
their application in salads, sauces and other food
products.

EXPERIMENTAL

Sunflower oil, production of Pearl Ltd Veliko
Tarnovo, is used for conducting surveys. The oil
extracts were prepared in a ratio of 1:5 (herb /
sunflower oil), and were kept under refrigerated
conditions (0°C-4°C) for 6 months.

Analysis of fatty acids. The fatty acid
composition of oils was determined by gas
chromatography (GC) after transmethylation of the
respective sample with 20 g.kg™* H2SO4 in absolute
CH30H at 50°Ct. FAME were purified by TLC on
20x20 cm plates covered with 0.2 mm silica gel 60
G (Merck, Darmstadt, Germany) layer with mobile
phase n-hexane:diethyl ether (97:3, v/v). GC was
performed on a HP 5890 series Il (Hewlett Packard
GesmbH, Vienna, Austria) gas chromatograph
equipped with a 60 m x 0.25 mm x 25 um capillary
DB - 23 column (Agilent J&W advanced, Agilent
Technology, USA) and a flame ionization detector.
The column temperature was programmed from
130 °C (1 min), at 6.5 °C/min to 170°C, at 3.0
°C/min to 215°C (9 min), at 40°C/min to 230°C (1
min); injector and detector temperatures were kept
at 270 °C and 280 °C. Hydrogen was the carrier gas
at a flow rate 0.8 mL/min; split was 1:50.
Identification of fatty acids was performed by
comparison of retention times with those of a
standard mixture of fatty acids subjected to GC
under identical experimental conditions?.

Analysis of tocopherols. Tocopherols were
determined directly in the oil by HPLC on a
“Merck-Hitachi" (Merck, Darmstadt, Germany)
instrument equipped with 250 mm x 4 mm
Nucleosil Si 50-5 column (Merck, Darmstadt,
Germany) and fluorescent detector "Merck-Hitachi"
F 1000. The operating conditions were as follows:
mobile phase of n-hexane: dioxan 96:4 (by
volume), flow rate 1.0 ml/min, excitation 295 nm,
and emission 330 nm® 20 uL 10 g.kg? solution of
oil in hexane were injected. Tocopherols were
identified by comparing the retention times with
those of authentic individual tocopherols. The
tocopherol content was calculated on the basis of
tocopherol peak areas in the sample versus
tocopherol peak area of standard a-tocopherol
solution.

Oxidative stability. Oxidative stability of oils
was determined by measuring of IP, using

conductometric  detection of volatile acids.
Rancimat apparatus Methrom 679 (Methrom,
Herisau, Switzerland) was used at 100°C and an air
flow rate 20 I/h*.

Color parameters: SIELab coordinates have
been measured directly with spectrophotometer
(Trintometer Lovibond PFX 195, UK). In
mentioned colorimetric system L* is the brightness
and it takes values from 0 (black) to 100 (white), a*
is red-green axis, and b* is yellow-green axis®. The
content of B-carotene and chlorophyll is defined
using special software.

RESULTS AND DISCUSSION

Fatty acid composition of the studied oil extracts
is listed in Table 1. Fatty acid composition is one of
the main indicators characterizing the nutritional
value of the oils and their oxidative stability during
storage and heat treatment. The used sunflower oil
has predominantly linoleic acid content (521g.kg?),
followed by oleic (344g.kg?) and palmitic
(115g.kg™), which associates it with the oils of
linoleic acid in the range of, where the linoleic acid®
quantity varies in range 480-740g.kg?, and the
oleic one — 140-390g.kg®. It does not differ
significantly from previously studied linoleic type
oils in Bulgaria, and its composition is closest to
that already obtained from Bulgarian sunflower
variety "Musala"®. The ratio oleic/linoleic acid for
oil extracts varies between 0.95 and 1.10, while for
control sample it is around 0.66. Last ratio
evidences better balance of fatty acid content,
which is determining for the nutritive value of the
tested samples. Comparatively high content of
linoleic acid indicates good nutritive value of oil
extracts, because this acid belongs to human body
essential fatty acids. The content of oleic acid in oil
extracts is higher with 80 — 100g.kg™* compared to
the control.

Data about total tocopherol content and
composition of oils are presented in Table 2.

Control sample has the highest content of
tocopherols (721 mg.kg?), while in the oil extracts
its content decreases (388 - 459 mg.kg™). In the oil
extracts mainly saturated derivates a- and B -
tocopherols are identified. Basic representative of
tocopherols in these oil extracts is a- tocopherol
(945 - 961g.kg™).

The results from the investigation of oxidative
stability of oil extracts are presented on Figure 1.
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Table 1. Fatty acid composition of oil extracts with Bulgarian herbs

FA, g.kg -1 1 2 3 4
C 120 lauric 3 4 3 2
Caao myristic 3 2 2 2
C 160 palmitic 138 118 132 115
C 61 palmitoleic 2 1 2 2
Cro margaric 1 1 1 1
C 180 stearic 6 6 8 10
C 181 oleic 441 422 435 344
C 182 linoleic 402 442 410 521
C 2000 arachidic 2 2 3 1
C 201 gadoleic 1 1 3 1
C 220 behenic 1 1 1 1
saturated FA 154 134 150 132
unsaturated FA 846 866 850 868
monounsaturated FA 444 424 440 347
polyunsaturated FA 402 442 410 521

Table 2. Total tocopherol content and composition oil
extracts with Bulgarian herbs

Tocopherols 1 2 3 4
o - tocopherol, g.kg? 946 961 961 945
B - tocopherol, g.kg? 54 39 39 55

Total tocopherol

content. makg? 498 388 459 721

IP.h

>

3Thyme 4 Cortrol

sample

1.0regand  2Pine cone

Fig 1. Oxidative stability of oil extracts

Oil extracts of oregano and thyme have lower
oxidative stability (with about 3 hours) compared to
the control, while the stability of the extract of pine
cones is about three times lower than this of the
control sample. Therefore, the last extract is not
suitable for flavoring sunflower oil, as it leads to
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rapid oxidation and the oil is unsuitable for use in
salads, sauces and more culinary products.
Sunflower oil with added oregano and thyme is
unsuitable for heat treatment, but due to its well-
balanced nutritional value is useful for consumption
in salads and sauces. The oil with oregano and
thyme oxidative stability is comparable with that of
cold-pressed walnut oil, which is used as a delicacy
oil dressings for salads, sauces and meals’.

100
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50
40
30
20

AL 0a oy

Fig. 2. Basic color coordinates of oil extracts from
Bulgarian herbs in SIELab colorimetric system

The data for color parameters in SIELab
colorimetric system allows calculating the color
difference (AE) with respect the basic sample
(sunflower oil). The biggest color difference is
obtained for the extract of pine cones (AE = 21.6),
while the color differences for those of oregano and
thyme with control samples are compatible, being
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respectively 10.9 and 13.0. The brightness of the
extract of pine cone (65.14) has highest difference
with the one of control sample (85.30). For the rest
of the samples the change is not significant. Basic
color coordinates are presented on Figure 2.

Oil extracts with oregano and thyme have high
content of B-carotene and chlorophyll. The extract
of pine cone also demonstrates essential rise of
these parameters, but it worsens the gustatory
gualities of the sunflower oil and nevertheless it
enriches the oil, it makes the oil inapplicable for
using in salads, sauces and other food products. The
result is shown on Figure 3.

£ heta -carotens

g cloraphy|

Fig. 3. B-carotene and chlorophyll content in samples of
sunflower oil with addition of herbs.

CONCLUSION

Comparatively high content of linoleic acid
and tocopherols in studied oil extracts shows their
balanced nutritional value. Bulgarian herbs
(oregano, thyme and pine corns) added to
sunflower oil have prooxidative effect and the

obtained oil extracts are inconvenient for thermal
treatment. Due to the higher ratio oleic/linoleic acid
the oil extracts of oregano and thyme can be used
as delicacy dressings for salads, sauces and meals.
Oil extracts of oregano and thyme have unchanged
brightness and increased contents of chlorophyll
and B - carotene, while the extract of pine corn has
decreased brightness and increased color difference
to the control.
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CPABHUTEJIHU XAPAKTEPUCTUKU HA CIIBHUOI'JIEJOBO OJIMO C IOBABKA HA
bBJI'APCKH BJIKHA
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! Yuueepcumem no xpanumennu mexnonoauu, 6yx. ,, Mapuya “ 26, 4002 Inosous, Bvizapus.
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(Pestome)

CrpHUOrIIEI0BO 04O ¢ JobaBka Ha beirapcku Owiku (purad, Maimiepka W IIHMIIapka),npousseneHo ot Pearl
Ltd Veliko Tarnovo e wuscneaBaHo. [10ocOYeHOTO OJMO € JIMHOJICHOB THUIl C JOMHHHUPAIIO ChIbPXKAHUE JMHOJICHOBA
kucemuHa (Cis: 2 = 521 g.kg?), cremsana ot omemnosa (Cis: 1 = 344 g.kg?) u mammutunoBa (Cis: 2 = 521 g.kg?),
kucenuHU.OTHOIIEHUETO HA OJIEMHOBA KbM JMHOJEHOBa Bapupa Mexay 0.95 u 1.10 B ekcTpakTuTe, JOKaTO B YUCTOTO
CITBHYOTIIEIOBO 0JHo ¢ okouo 0.66. ToBa oTHOIIEHHE MMOKa3Ba JOOpe OamaHCHpaH CHCTaB OTKBM XpaHUTEIHAa CTOWHOCT
B TecTBaHHUTE 00pa3nuu. J[06aBsHETO HA OIIKK B CTBHYOTIICOBOTO OJMO HaMalsiBa ChIbPIKaHUETO Ha TOKO(EpoH (OT
721 mg.kg?! no 388-459 mg.kg?l), koeto BiMSe BBpPXy OKCHMAHTHAaTa CTaOMIHOCT. J[0OABAHETO HA WIMIIAPKA B
CITLHYOTJIEJOBOTO OJIMO HaMalsiBa OKcHIaHTHaTa ctabwinoct 3 mbtu (ot 10.8 waca mo 3.5 waca), nokaro g0OaBsSHETO
Ha PUI'aH ¥ Malepka BOJsT 10 MUHUMaJIHA MPOMsIHA B OKCHaHTHaTa ctabmiHoct (ot 10.8 no 7.6 yaca). CienoBaTenHo
CITBHYOTJICIOBOTO OJIHO C JoOaBKa Ha OMJIKHM € HEeMOAXO/ISINO 32 TSPMUYHA 00paboTKa, HO MOXe Jja Ob/Ic M3MOJI3BAHO 3a
COCOBE, IPECHHTH, MAOHE3H U APYTH, C M3KIIOYCHHE Ha 00pa3ena ¢ 100aBsIHEeTO Ha IIUIapKa.

W3yyeHu ca 1BeToBUTE XapakrepucTuku Ha onuoto B SIELab komopumerpuuna cucrema. J[o6aBsHeTo Ha
pUraH ¥ Mamiepka He BIMSAT HAa CBETJIOCTTAa Ha OOpaslUTe W BOAAT 1O HapacTBaHE HA TAXHATA 3eJICHA KOMIIOHEHTA,
KOETO CE€ CBBP3Ba C HApacCTBAaHETO Ha XJIOPOPHIHOTO chabpkaHue oT 0.003 ppm 3a 4KCTO CIBHYOTIICAOBO OJHO IO
0.094 ppm-0.117 ppm 3a oOpasum ¢ purad U Mamepka. JJobaBkaTa Ha TOCOYCHHTE IBE OWJIKH BOIU JO IIBOWHO
HapacTBaHe Ha [3- carotene ot 2.76 ppm mo 4.92-5.77 ppm 3a 00OpasiuTe ¢ purad 1 Maiiepka.
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Scattering and fluorescence spectra of cow milk
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The purpose of this study is to investigate the influence of fat content on the scattering and fluorescence spectra of
milk. The composition analyses (content of proteins, fat, carbohydrates and minerals, caloricity), are obtained by
Ekomilk-M Milkana KAM 98-2A milk analyzer. For all studied samples we have found out well expressed
fluorescence pikes around of 335 nm and around of 373 nm what may be attributed to the presence of aromatic amino
acids, nucleic acids and tryptophan residues. One of the samples has shown weak peak around of 500 nm probably due
to the riboflavin fluorescence. Plots of the ratio: fluorescence intensity toward scattering intensity as a function of the
pumping wavelength, have shown certain maxima with different values for samples of different fat content and different
producers. The experimental results suggest that fluorescence and scattering spectra of milk can be used for the
identification of different producers of milk and for obtaining information about milk chemical composition.

Keywords: Food control, milk, optical scattering, fluorescence

INTRODUCTION

Production of milk and milk derivates directly
depends on the raw milk quality which is defined
by the European Committee for Standardization
(CEN) in EN 1SO 8420:2005 [1]. The large variety
of milk based nutrition is rapidly increasing and, in
the same time, its components consciously get
replaced by improper constituents. For example,
milk fat gets replaced by vegetable fat, milk
proteins - by other kinds of proteins, and
carbohydrates - by certain products improving the
texture and test qualities. In accordance with that,
rises the necessity to find out adequate methods and
equipment for quality control of milk products.

The classical microbiological and chemical
analysis of milk and its derivates gives objective,
precise and comparable results. However, it
requests highly qualified specialists and needs
expansive consumables. On the other side, these
kinds of analyses are time consuming, and, most
often, they use destructive methods. The use of
optical devices is an alternative based on different
non-destructive physical principles. Food and
agriculture  industries use mainly  optical
instruments in the ultraviolet (185-210 nm) and
near infrared range (750-2500 nm) where typical
chemical groups present in nutrients (C-H, N-H and
O-H) get absorbed. In this study we have combined
in an experimental setup measurement of

* To whom all correspondence should be sent.
E-mail: tidimitrova@abv.bg

transmission, scattering and fluorescence spectra of
milk in the optical range of 200-1100 nm.

During the last decades optical transmission and
scattering in the Far Ultraviolet (FUV) and Middle
Ultraviolet (MUV) range (185-210 nm) and in the
Near Infrared (NIR) range (750-2500 nm) have
been largely applied in cases where the typical C-H,
N-H and O-H chemical groups contained in food
products show absorption. Due to the high water
absorption, Infrared (IR) range is not appropriate
for studying samples with high content of an
advantage of optical transmission and scattering in
comparison with the others spectral methods is that
there is no need for preliminary chemical treatment,
dilution or components separation. This permits the
use of the same samples for further analysis.
Because of different spectral absorption of the main
milk components (water, fat, proteins and sugar),
they can be studied contemporaneously using Near
Inftared Spectroscopy (NIRS) [2].

Milk fat is composed of about 96% triglycerides
(1 molecule glycerin and three fatty acids), 2-3% of
diglycerides, 1% of  phospholipids, essential
polyunsaturated fatty acids such as Linoleic acid
(LA) and Linolenic acid, as well fat-soluble
vitamins (A, B, D, E and K), cholesterol,
carotenoids [3]. The other contained molecules are
smaller than the wavelength in the visible and near
infrared range. When the fat is removed from the
milk, the main particles that scatter the shorter
wavelength light are the casein micelles and this
causes the milk bluish colour. Casein micelles are
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the biggest particles in the milk liquid phase. They
represent protein molecules linked through calcium
phosphate nanoparticles. Casein micelles have
spherical form. The size distribution of casein
micelles is very broad (20-250 nm in diameter) [4].
There are four different kinds of casein
phosphoproteins (aS1, aS2, B, ) taking almost 76-
86% of all milk proteins [2,5]. The biggest part of
the casein proteins are linked in micelles. Milk
contains also some other kinds of proteins and
enzymes, which have higher solubility and smaller
sizes than the casein molecules.

Light scattering effects are significant due to the
milk turbidity. Therefore, Mie scattering theory
may be applied [6]. Thus, the scattering cross
section oy = 7R? (where R is the scattering particle
radius) is maximal at smaller wavelength. That
allows evaluating the protein molecules sizes
according to the formula:

A, = 27mR, (1)
where A, is the wavelength at the pick scattered
intensity.

Another non-destructive  technique giving

additional information for milk composition is
fluorescence. However, data interpretation of
fluorescence spectra of milk is ambiguous due to
absorption by other molecular groups [3]. During
the manufacturing process of milk occur
biochemical reactions, for example: Maillard
reaction, riboflavin  degradation, tryptophan
modification. For this reason, we consider more
appropriate the use of comparative studies by
changing one only parameter of the sample at time.

EXPERIMENTAL

In this study we have combined in an
experimental setup measurement of transmission,
scattering and fluorescence spectra of milk [7,8].
Milk is turbid liquid with significant optical
absorption what makes difficult the use of standard
spectrophotometer cuvettes. For this reason we
have opted for a fiber optic setup. The optical range
of 200-1100 nm is covered by two light sources: a
halogen and a deuterium lamp. Light is directed
through the sample (milk drop) placed on an
aluminum base via optical fiber. The transmitted
light is conducted by another fiber to the
spectrometer AvaSpec 2048 with resolution of 8
nm. The two fibers are fixed on the board at a
distance of 200 um, equal to the fiber core
diameter. The scattered light is caught by a third
fiber along the direction orthogonal to the
transmitted light. In this case the fluorescence
spectra, even less intensive because of the low
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incident light intensity, cannot be separated from
the scattered spectra. For evaluation of the
fluorescence phenomena we have used a number of
narrow waveband light sources UVTOP deep
ultraviolet LEDs by Roithner Lasertechnik GmbH
[9] with the next wavelengths: 245 nm, 255 nm,
275 nm, 285 nm, 295 nm, 305 nm.

Here we report some experimental data on the
influence of fat contents on the scattering and
fluorescence spectra of milk. We have chosen three
different kinds of commercial cow milk labeled as
Samplel, Sample2 and Sample3, and from each of
them - samples with of 0.1%, 1.5% and 3.0% fat
content. The commercial marks are not named here
with the aim to avoid conflict of interest with the
producers even more, for our study is important to
demonstrate that the fluorescence provoked in the
chosen optical range is able to give useful
information for distinguishing the present of fat
independently of the milk origin. The composition
analysis (content of proteins, fat, carbohydrates and
minerals, caloricity), has been obtained by
Ekomilk-M Milkana KAM 98-2A, Bulteh 2000
Ltd, Stara Zagora, Bulgaria. Some more important
parameters are presented in Tablel.

Table 1. Composition analysis of milk with different
content of fat.

Samples Milk  Milk-solids-  Protein  Density
fat nonfat % kg/dm?
% (MSNF)
%
1 0.1 8.02 3.00 1.0295
2 15 8.43 3.16 1.0298
3 3.0 7.93 3.00 1.0265
RESULTS AND DISCUSSION

Turbidimetry is based on measuring the loss of
intensity of the transmitted light due to scattering
from the suspended in the studied medium
particles. In this sense, the fiber-optical setup
described above can be used for evaluating the
absorption properties of milk. In Figure la are
presented transmission spectra of Samples1 with fat
content respectively of 0.1%, 1.5% and 3.0%. In the
optical range of 200-1100 nm and in Figure 1b are
shown the corresponding absorption curves
calculated in the ideal case of lack of scattering
light. The well expressed absorption maxima may
be explained by Mie scattering from spherical
particles with sizes ~ 0.1A where A is the
wavelength of the absorbed light.

Scattering particles sizes are evaluated by
defining the wavelength at the peak of the
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absorption intensity of Samplel with 0.1% of fat
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Fig. 1a. Transmission spectra of milk Samples 1 with 0.1%,

1.5% and 3.0% fat content.
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Fig. 2 Absorption spectra of milk Sample 1 with 0,1% of
fat (oiliness milk).
from Fig. 2 is Ap = 328 nm. The approximate
diameter d = 2R of the scattering particles obtained
by substitution of this value in formula (1) is:
2R:ﬁ:ﬁzlo4nm (2)
T 314
With reference to the literature [6] we suppose
that the experimental value may be attributed to the
scattering from casein micelles. As the protein
content is the same for all samples, represented in
Figure 1, one can consider that the increase of the
absorption with the fat content is due only to its
guantity and, eventually, may be used for
evaluating the fat percentage in milk. The fat
content influences also the scattered light, as it can
be seen from Figure 3 where the spectra of
scattered light for milk Samplesl (0.1%, 1.5% and
3.0% of fat) are presented.
However, considering the multi-component
structure of milk and taking in account the fact that

(oiliness milk). The experimental value, obtained
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Fig. 1b. Absorption spectra of the same samples.
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Fig. 3. Scattering and fluorescence spectra of milk
Samplesl with 0,1%, 1,5% and 3,0% fat content.

the studied optical region is not well explored for
analysis of this nutrient, it’s hard to claim obtaining
precise information about its composition and
structure. Despite of that, this study is promising
when looking for simplicity, low price and easy
practical control of one component (for example fat
or protein content).

In Fig. 4a the fluorescence spectra of milk
Samplel with 15 % of fat content are presented. As
expected, different pumping wavelengths provoke
different emission of specific fluorescence spectra.
For all studied samples we find out well expressed
fluorescence pikes around of 335 nm and around of
373 nm which may be attributed to the presence of
aromatic amino acids, nucleic acids and tryptophan
residues. Samplel has shown weak peak around of
500 nm probably due to the riboflavin fluorescence
[10,11]. One can notice that the quantum efficiency
is higher when exiting with LEDs emitting at 275
nm, 285 nm and 305 nm.
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Plots of the ratio fluorescence intensity toward
scattering
wavelength for milk Samplesl with fat contents of
0.%, 16%%L?nd 3.0% are presented in Figure 4b.
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Fig. 4a) Fluorescence spectra of milk Samplesl with
1.5% fat content.
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Fig. 4b) Plots of the ratio fluorescence intensity toward
scattering intensity at 375 nm pumping wavelength for
Samplel with fat content of 0.1%, 1.5% and 3.0% are
presented in Figure 2b.

The results for Samples2 and Samples3 (not
presented here) are similar. The ratio I/l is highest
for excitation at 245 nm. There are maxima of
smaller values for 275 nm and for 295 nm
excitation. For Samples 2 and Samples 3 the second
maximum is at excitation wavelenght of 265 nm.
The values of the maxima are different for the
samples with different fat content.

CONCLUSIONS

In this work are presented some experimental
results concerning the influence of fat content in
milk on the scattering and fluorescence spectra in
the optical range from 200 nm to 1100 nm. A
compact fiber-optic setup and a spectrometer
AvaSpec 2048 with resolution of 8 nm are used.
The sizes of the scattering particles evaluated from
the absorption pick correspond to the sizes of the
casein micelles retrieved from the literature. The
experimental results show that the intensity of the
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scattering spectra changes with the fat content.
Fluorescence spectra have well expressed picks
with maximum intensity at pumping wavelengths
of 275 nm, 285 nm and 305 nm. The ration
fluorescence intensity toward scattering intensity is
also influenced from the fat content. The obtained
experimental results suggest that fluorescence and
scattering spectra for excitation of milk with
ultraviolet light can be used for identification of
different production of milk and for obtaining
information about its chemical composition.
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IlenTa Ha TOBa Mpoy4YBaHEe € Aa CE M3CJEBA BIMSHUETO HA CHIBP)KAHHETO HA MAa3HHHU BBPXY CHEKTPUTE Ha
pasceiiBane M (QuyopecleHIMs Ha KpaBe MILIKO. AHalM3bT Ha ChcTaBa (ChAbpKaHHE Ha TPOTEHHH, Ma3HUHH,
BBIVIEXUAPATH U MUHEPAJIH, KaKTO M KaJOPUYHOCT), ca MNOJYyYeHH C IOMOINTa Ha MIiekoaHanmuzaTop Exomunk-M
Munkana KAM 98-2A. 3a Bcuukn U3cieiBaHN MPOOH ca YCTaHOBEHU N00pe M3pa3eHH QIIyopecleHTHH MTUKOBE OKOJIO
IOBDKAHE HA BBIHATE 335 nm u 373 nm, KOETO MOXe Ja ce IBIDKA Ha NPHCHCTBHETO Ha apOMaTHH aMUHOKHCEIIHHH,
HYKJICHHOBH KHCEJIMHH W TPUNTO(GAaHOBH ocTaThid. EnHa oT mpobure mokasa ciabd nuk okomno 500 nm, Koeto
BEPOSATHO ce IBJDKM Ha (iyopecueHnyaTa Ha pudoduasuH. Ha rpadukuTte, moka3Baly OTHOIICHUETO HA HHTCH3UTETA
Ha (IyopecUeHIMs KbM HHTCH3UTETa Ha pasceiiBaHe KaTo (YHKLIHMS OT IBDKMHATA Ha BBIHATA Ha BB30YyKIaHe, ce
HaOJIoIaBaT MAaKCUMyMH 3a MJICYHH HPOOW OT OTHEIHUTE NPOHM3BOJHMTENH, CHIBPKAIIM Ma3HUHH C pasiMyHA
KOHLEHTpalys. EKkcriepuMeHTanHuTe pe3yaTaTH [0Ka3BaT, 4e CIeKTpUTe Ha (IyopecteHIus U pa3celiBaHe Ha MIITKOTO
Mmorar Jga 6'])}13T HM3II0J3BaHU TI0JTydaBaHE Ha I/IH(i)OpMaIII/IH 3a XHMHYHHA CBbCTAaB Ha MJIIKOTO, KaKTO W 3a
uaeHTU(HUINPaHE Ha IPOU3BOIUTEIIS.

43



Bulgarian Chemical Communications, Volume 46, Special issue B (pp. 44 — 48) 2014

Behaviour of eggshell membranes at tensile loading
M.J. Strnkoval”, S. Nedomova?l, J. Trnka?, J. Buchar®, V. Kumbar®

IMendel University in Brno, Department of Food Technology, 61300 Brno, Czech Republic.
2Czech Academy of Science, Institute of Thermomechanics, 18200 Praha, Czech Republic.
3Mendel University in Brno, Department of Technology and Automobile Transport, 61300 Brno, Czech Republic.

Received August 15, 2014; revised December 20, 2014

The aim of this paper was to study the mechanical behaviour of the eggshell membrane using tensile tests at
different loading rates. The eggshell membrane was obtained from commercial breeding lines of Japanese quails
(Coturnix japonica). Samples were cut out of the membrane in latitudinal direction. TIRAtest 27025 tensile testing
machine equipped with a 200 N load-cell was used. Tensile deformation exhibits both non-linear as well as linear
region. The dependence of the stress on the strain in non-linear region can be described using of the Mooney-Rivlin
equation. Linear region corresponds to the elastic strain. Parameters of the used equation are dependent on the strain
rate. Generally, the strength of the eggshell membrane increases with the strain rate.

Key words: Eggshell membrane, tensile loading, loading rate, stress, strain strength

INTRODUCTION

The eggshell membrane is a tissue found
between the calcified eggshell and the albumen of
eggs. This structure is a thin, highly collagenized
fibrous membrane comprising inner (in contact
with the albumen) and outer layers. It is mainly
formed by types I, V and X collagen, making up 88
— 96 % of its dry weight. The presence of other
proteins, such as osteopontin, sialoprotein and
keratin, has also been reported [1]. The biologically
active of the eggshell membrane is essential for the
formation of the egg, retaining the albumen and
preventing the penetration of bacteria [2]. The
eggshell membrane also affects the eggshell
strength [3]. Even if there are many reports on the
use of the eggshell membrane, e.g. in the recovery
of gold from waste water [4,5] not much
information is known about its physical and
structural properties, such as the pore and
mechanical characteristics of the membrane. The
only exception represents the paper of Torres et al.
[6] which is focused on the study of hen's egg
membranes  under  tensile  loading  and
nanoindentation.

The present paper deals with the mechanical
behaviour of the eggshell membrane of quail’s eggs
using tensile tests at different loading rates. The
knowledge of these properties is very useful namely
at the study of the egg changes during its storage
and at the numerical simulation of the egg loading

[7].

* To whom all correspondence should be sent.
E-mail: jana.strnkova@mendelu.cz

EXPERIMENTAL

The eggshell membrane was obtained from
commercial breeding lines of Japanese quails
(Coturnix japonica). The outer membranes were
carefully removed using clamps and washed with
distilled water. The membranes were then stored in
physiologic saline solution in order to avoid
dehydration. Samples were cut out of the
membrane in latitudinal direction. TIRAtest 27025
tensile testing machine equipped with a 200 N load-
cell was used. Rectangular samples (15 mm x 15
mm) were used for the measurements. It means the
initial length of the specimen |, =15 mm. The
thicknesses of the membranes (around 50 um) were
obtained from digital micrometer. Specimens were
glued to thin metallic plates — see Figure 1.

Lenght

A— FI:II'CE'

Fig. 1. Schematic of tensile test experiment and attached
specimen.
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The deformation of the sample was assumed to
be equal to the separation of the crossheads. The
force F and the deformation 4l = | — |l,, where | is
the instantaneous specimen length at the time t, are
measured during tension and both quantities are
recorded. The force-deformation data may easily be
transformed into normalized quantities such as
stress and strain. The Cauchy strain and Hencky’s
natural or true strain are of common use in
representing compression curves. The Cauchy
strain measure gives the relative deformation with
respect to the initial sample length

-1, Al
T T

0o o

Hencky’s strain (often denoted as ‘true’ strain)
derives from the integration of the infinitesimal
strain and is given by

gH:m(hrmlzmu+%)

0

The conversion of the force F into engineering
stress is simple given by

where A, is the cross section of the undeformed
specimen. In order to obtain some information on
the true stress an assumption on the material
incompressibility is often used. The true stress is

than given by
Oy =0, [(1+ & )]'
The specimen deformation is also described

using the stretching parameter, A, which is defined
as

/”t=||—=1+ec.

[0]

The transformation force-deformation data into
quantities given above have been performed using
of MATLAB software. Four speeds, v, were used:
1, 10, 100 and 800 mm.min™!. Loading rate can be
converted to the strain rate:

de . v

—=&=—.

dt I,
The corresponding values of strain rates are:
0.00111; 0.0111; 0.111 and 0.888 s. Experiments

were performed at the room temperature.
RESULTS AND DISCUSSION

It is shown in Figure 2 an example of the
dependence of stress on the strain. The qualitative
features of this dependence are the same for all
used speeds. These curves are similar to those of
other membranes as reported e.g. in Torres et al.
[6], in which three different regions were found. In
the first region (the toe region), little stress is
needed to elongate the membrane. The second
region is called the hill, and the stiffness of the
membrane increases with elongation. Finally, a
linear dependency is shown in the third region. The
nonlinear dependence can be explained in terms of
eggshell membrane microstructure [6].

The behaviour of the toe and hill regions of the
eggshell membrane was modelled by using the
Mooney-Rivlin equation [8]. According to this
theory the strain-dependent behaviour can be
represented by the Mooney-Rivlin hyperelastic
potential, Uwmr,

UMR :Cl(ll _3)+C2(|2 _3)’

3 T T
251 LOADING VELOCITY 100 mm/min A _
© .,-4\"’"’ “I
o i NON LINEARREGION | g = /=" v
- 1
= et .
o T T LINEAR REGION | }
" N:«‘ © — i
n - P e : 1
w - : 1
v TOE .‘—’ ]
|U_') 0.5 ”,.I" I: -
p—— e HILL 1
Ol =™ L
05 1 I I ! !
0 0.05 01 0.15 0.2 0.25 0.3
STRAIN ¢ (1)

Fig. 2. Example of stress-strain dependence.
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Fig. 3. Mooney-Rivlin model of the stress-strain dependence.

where C; and C, are material constants with

dimensions of stress and:

L, =2+ + 2 |, = 225+ 25+ A2,
A2, A3 are the stretch ratios in the three principal
axes. For uniaxial loading the stress is expressed as:

1 oC,
o= (ﬂ, - ?j(ch + Tj, @

where A is the stretch ratio in the direction of load.
Values of the constants C; and C; are given in the
Table 1. The dependence of stress on the stretching
is displayed in the Figure 3. It is evident that these
parameters are dependent on the loading velocity.
At low strain levels the behaviour is modelled with

membranes are independent on the loading rate.
This is in agreement with results reported in Bing et
al. [9] but in disagreement with the conclusions
found by Torres et al. [6] for the eggshell
membrane also affects the eggshell strength of the
hen’s eggs. The Mooney-Rivlin relation is typically
used for the study of rubber elasticity. Rubber is an
elastomer formed by a network of cross-linked
polymer chains and the deformation of its chains
has an entropic origin. The evidence shown here
might indicate that, as in the case of collagen
molecules and fibrils, the initial deformation of the
eggshell membrane has an entropic origin.

Table 1. Parameters of Mooney-Rivlin model.

Equation (1) until the strain is about 10 %. Beyond Loading rate 2Ci, MPa_ 2C; MPa R*
that point, the sample behaves as a Hookean 1 mm/min 13.320 -13.1200 0.9933
material. Linear part of the stress — strain 10 mm/min 5.966 -4.6370 0.9840
dependence enables to evaluate of the Young 100 mm/min 3.787 -0.2228 0.9896
modulus, E. Values of this material parameter are 800 mm/min ____3.632 -0.1364 0.9929
given in the Table 2. The values of this parameter R s the correlation.
which describes the elastic properties of
Table 2. Young modulus of elasticity E.
Loading rate Min E, Mean E, MPa Max E, MPa Starjdqrd
MPa deviation
1 mm/min 9.23 9.618 9.89 0.27105
10 mm/min 9.67 9.804 9.93 0.10164
100 mm/min 9.35 9.728 9.91 0.23499
800 mm/min 9.63 9.718 9.82 0.09039
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Fig. 4. Effect of loading rate on the fracture parameters of the eggshell membranes.

Table 3. Fracture parameters — ultimate tensile strength, maximum of elongation, strain energy density.

Ultimate tensile strength, MPa

Loading rate Min Mean Max Stal_wdqrd
deviation
1 mm/min 1.05 1.11 1.15 0.040
10 mm/min 2.09 2.16 2.24 0.055
100 mm/min 2.80 2.95 3.08 0.106
800 mm/min 3.57 3.74 3.91 0.140
Elongation [1]
Loading rate Min Mean Max Star_ldgrd
deviation
1 mm/min 0.184 0.204 0.247 0.0248
10 mm/min 0.242 0.281 0.311 0.0255
100 mm/min 0.339 0.352 0.373 0.0139
800 mm/min 0.387 0.408 0.421 0.0130
Strain energy density, J/m®
Loading rate Min Mean Max Star_lda_lrd
deviation
1 mm/min 76874.22 91869.40 128544.590 20844.65
10 mm/min 340874.07 362883.64 376454.469 13293.23
100 mm/min 389065.19 462359.97 486152.422 41308.33
800 mm/min 664204.87 686757.33 704406.124 15044.17

In the next step the values of ultimate tensile REFERENCES
strength  has  been evaluated together with 1. T. Nakano, N. Ikawa, L. Ozimek. Poultry Sci., 80, 681
maximum elongation & The volume density of (2001).
work, W, up to the membrane fracture has been also 2. T. Nakano, N. Ikawa, L. Ozimek. Poultry Sci., 82, 510
determined using of the relation: (2003).

& 3.Y.W. Ha, M. J. Son, K. S. Yun, Y. S. Kim. Comparat.
W = Iodg. Biochem. Physiol., Part A: Molec. Integrat. Physiol.,
0 147, 1109 (2007).

The values of these properties are given in the 4. S. Ishikawa, K. Suyama, K. Arihara, M. Itoh. Biores.
Table 3. The ultimate tensile strength increases Technol., 81, 201 (2002). B
with the loading rate as well as the value of the  ° RMiPOé'glchés'\g%a@';gtgM'\:r:”oeu’1'\22 '(‘253821)“- Ishii. J.
LnaXImum of the elongation — see Flgure_4. The 6. F. G. Torres, O. P. Troncoso, F. Piaggio, A. Hijar.

ependence of these parameters on the loading rate A :
. . cta Biomat., 6, 3687 (2010).
Ca_n be f'Fted by a power f.unCtlon. Parameters of 7. C. Perianu, B. De Ketelaere, B. Pluymers, W. Desmet,
this function are presented in the Table 1 together J. DeBaerdemaeker, E. Decuypere. Biosyst. Eng., 1,
with the correlation coefficient R2. 79 (2010).
8. S. M. Goh, M. N. Charalambides, J. G. Williams.
Mech. Time Dep. Mat., 8, 255 (2004).
9. F. J. Bing, L. Kuo-Kang
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OTHACSIHUS HA MEMBPAHATA B SIMUEHATA YEPYIIKA [IPU EJJHOOCHA
JIE®@OPMALINS HA OITHH

M.4. Crpukosal *, I1I. Henomoga?, 5. Tpuka?, 51. Byuap®, B.Kym6ap®

Menoen Ynusepcumem na Bvpno, Kamedpa no xpanumenna mexnonozus, 61300 Bvpro, Yewxa Penybnuxa.
2Yewra Axademus na Hayxume, Hucmumym no mepmomexanuxa, 18200 Ipaza, Yewixa Penybauxa.
3Menoen Ynusepcumem na Bvpno, Kamedpa no mexnonozus u asmomobunen mpancnopm, 61300 Bvpro, Yewa
Penybnuka.

[MocTpnuna Ha 15 aBrycr, 2014 r.; mpueta Ha 20 nexemspu, 2014 T.
(Pestome)

Llenra Ha HacTosimiaTa paboTa Gelre Ja ce U3y4d MEXaHWYHOTO MOBEJCHUE Ha MeMOpaHaTa B sifueHa 4epyIka IpH
nedopmanus Ha ONBH C Pa3IMYHU CKOpocTH. MemOpaHaTta Oemre HoiydeHa OT THPTOBCKH IOPOJAHM Ha SITOHCKH
meambabim (Coturnix japonica). OOpasiure 0sxa Haps3aHU IO MIHPHHATA HA MeMOpaHaTta. 3a eKCIepUMEeHTUTE Oerre
nsnonm3BaH auHamoMeTbp TIRAtest 27025, crabmen c¢ xiretka 3a HartoBapBaHe 200 N. Jledopmarmsita Ha OMBH ce
XapaKTepu3upa C JMHEEH M HEJIMHEeH yJacThK. 3aBUCHMOCTTA Ha HAIIPEKEHHETO OT OTHOCHUTENHATa AedopMarvs B
HEITMHEHHNS y4acTbK MOXKE Ja CE OIMIIM ITOCPEICTBOM YypaBHeHHEeTO HAa MyyHH-PuBmuH. JIMHEHHUAT ydacThK
CHOTBETCTBA Ha elacTHYHa nedopmanus. [lapamerpure Ha H3MOI3BAaHOTO YPAaBHEHHE 3aBUCAT OT CKOpPOCTTA Ha
nedopmanus. Kato npaBuiio cunata Ha pa3pyllaBaHe ce yBelIUuaBa IPH yBeIMYaBaHEe HA CKOPOCTTA Ha AehopMalus.
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The objective of this study was to investigate the effect of replacing animal fat in meatloaf with walnuts and various
vegetable oils (sunflower, sea buckthorn and walnut). The chemical composition, cooking loss, lipid oxidation by
thiobarbituric acid-reactive substances method (TBARS), total antioxidant capacity (TAC) of meatloaf was analysed. In
the study the values of TBARs for meatloaf with walnuts and vegetable oils were lower than the control sample,
revealing that the added materials acted like antioxidants. The sample containing walnuts and sea buckthorn oil had the
highest TAC followed by the sample containing walnuts and sunflower oil. The incorporation of vegetable oils and

walnuts successfully reduced the animal fat content in the final products while improving other characteristics.

Key words: walnuts, vegetable oils, cooking loss, meatloaf, antioxidant activity.

INTRODUCTION

Fat is an important constituent of processed
meat products because it affects the stability of
meat emulsions, reduces cooking losses, improves
water holding capacity, provides flavor, texture,
tenderness, juiciness, mouthfeel [1,2]. Fats have
considerable effects on the binding, rheological and
structural properties of meat products. Reducing the
fat content in meat products and the substitution of
animal fat with vegetable oils and walnuts should
result in a healthier product [3]. The substitution of
animal fat with vegetable oils has been suggested to
improve the fatty acid profile and to decrease the
cholesterol levels of meat products. Several
vegetable oils have already been used as fat
substitutes, such as olive, flaxseed, corn, soybean,
and canola oil. It has been reported that walnuts, as
part of a cardiohealth diet, may reduce the risk of
coronary heart disease. This effect has been
associated with the blend of nutrients and
phytochemicals found in walnuts [4]. The objective
of this study was to evaluate the replacing of animal
fat with various vegetable oils and walnuts by
studying proximate composition, cooking loss, lipid

* To whom all correspondence should be sent.
E-mail: ebotez@ugal.ro

oxidation and total antioxidant

meatloaf.

capacity of

EXPERIMENTAL

Material

Fresh pork meat and pork back fat were
obtained from a local processor at 48 h postmortem.
Sea buckthorn oil was obtained from S.C. Hofigal
Export Import S.A. Bucharest, Romania. Sunflower
oil, walnut oil and all other additives (powder milk,
sodium chloride and pepper) were purchased from a
local supermarket in Galati (Romania). Walnuts
(S.C. Romtransilvan S.R.L, Oradea, Romania) were
ground down to a particle size of approximately 12
pm.

Method preparation.

Four different meatloaf formulations were
prepared (Table 1). Control meatloaf (M) was made
from fresh pork meat, pork back fat, sodium
chloride and pepper, while LPFS, LPC and LPN
samples contained walnuts, vegetable oil and
powder milk.
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Table 1. Formulation (g) of experimental products.

Sample Meat Fat Walnuts Veggitla ble P(r)nvzllier Salt Pepper Water
M 450 150 - - - 3 2 45
LPFS 450 117 30 3 30 3 2 15
LPC 450 117 30 3 30 3 2 15
LPN 450 117 30 3 30 3 2 15

M — Control meatloaf, LPFS — meatloaf with walnuts and sunflower oil, LPC — meatloaf with walnuts and sea
buckthorn oil, LPN — meatloaf with walnuts and walnut oil.
Table 2. Proximate composition, energy value and cooking loss of meatloaf containing various vegetable oils and

walnuts.

Parameters Meatloaf
M LPFS LPC LPN

Moisture (g/100g) 51.79 + 0.040 5522 +0.022 5243+ 0.017 53.85+0.015
Protein (g/100g) 19.68 £ 0.035 19.89 £ 0.031 20.83 £ 0.040 19.21 £ 0.031
Fat (g/100g) 29.28 +0.021 20.88 + 0.025 20.01 + 0.040 19.54 + 0.023
Ash (g/100g) 0.89 + 0.036 136+ 0.025 1.32+0.012 1.42+0.017
Carbohydrate . 2.66+0.021 5.41+0.006 5.87+0.023
(9/100g)
Energy value 3452540015 2781720017 285.07£0.025 276.18 +0.021
(kcal/100g)
Cooking loss (%) 13.06 = 0.058 10.41 +0.015 11.93 £ 0.057 10.63 + 0.032

All values are mean + standard deviation.

Proximate analysis and cooking loss

The chemical compositions of meatloaf were
determined using procedures prescribed by the
official methods of analysis [5] for moisture,
protein, fat and ash determinations. Carbohydrates
were estimated by difference. Energy value was
estimated from protein (x 4 kcal/g), carbohydrate
(% 4 kcal/g) and fat (x 9 kcal/g) contents for each
product. After cooking, the samples were cooled at
room temperature for 30 min and the percentage of
cooking loss was recorded as described by Franco
and coworkers [6]. The analyses were made in
triplicate.

Lipid oxidation and total antioxidant capacity

Oxidative stability of all samples was evaluated
by measuring the formation of thiobarbituric acid-
reactive  substances (TBARs) following a
modification of the method used by Serrano and
coworkers [7]. The results were expressed as mg of
malonaldehyde (MDA)/kg of meatloaf sample.
Total antioxidant activity was determined based on
the 6-hydroxy-2,5,7,8-tetramethyl-chroman-2-
carboxylic acid (Trolox) equivalent antioxidant
capacity (TEAC) assay developed by Miller and
coworkers [8], and modified by Re and coworkers
[9]. The results were expressed in pmol of Trolox/g
of sample. Each sample was run in triplicate.

50

RESULTS AND DISCUSSION

Proximate analysis, energy values and cooking
loss of meatloaf

The proximate composition, energy value and
cooking loss of meatloaf samples are shown in
Table 2. The moisture content was higher in the
samples with vegetable oil and walnuts than the
control because these samples were formulated
with added walnuts which had higher water
retention and improved emulsion stability. The
highest moisture content was found in the sample
LPFS. Similar trends in moisture content were
observed when different amounts of vegetable oil
and dietary fiber were added to meat emulsions
Choi and coworkers [1]. The fat content was lower
in the samples formulated with vegetable oil and
walnuts (replacing pork fat) than the control (29.28
% fat) containing animal fat. The addition of
walnuts and vegetable oils significantly raised the
ash level of the meatloaf. Meatloaf had a
carbohydrate content ranging from 2.66 to 5.87%,
where the highest carbohydrate content was found
in the sample with walnut oil and walnuts. The
differences in energy value of meatloaf formulated
with vegetable oils and walnuts were significant.
The higher energy value was in the control (342.25
kcal/100 g) with animal fat compared to the other
samples. The energy values of the meatloaf
containing vegetable oil and walnuts ranged from
276.18 kcal/100 g (LPN) to 285.07 kcal/100 g
(LPC). Cooking loss is affected by cooking method,
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additives, the type of fat and the amount of fat in
meat product. The effects of the replacement of
pork back fat with vegetable oils and walnuts on the
cooking loss of the meatloaf are shown in Table 2.
The cooking loss was lower in meatloaf formulated
with vegetable oils and walnuts than in the control
sample. Some researchers Choi and coworkers [1]
and Choi and coworkers [2] reported that cooking
losses for low-fat meat emulsion systems were
affected by the type of vegetable oil, dietary fiber
used and reducing the animal fat content.

Effect of vegetable oils and walnuts addition on
lipid oxidation and total antioxidant capacity of
meatloaf

Results for TBARs index (mg MDA/kg of
sample) are summarized in Figure 1. The
determination of TBARS in samples with vegetable
oils and walnuts showed a very low oxidation
compared with control sample. TBARs ranged from
0.66 to 3.18 mg MDA/kg of sample. The highest
TBARs value is for the control sample and might
be due to high fat content in control meatloaf. The
replacing of animal fat with vegetable oils and
walnuts resulted in inhibition of the lipid oxidation
in meatloaf.

TEAC of the samples determined by the
ABTSe+ radical probes are presented in Figure 2
and expressed in uM Trolox/g of meatloaf. The
total ABTSe+scavenging capacity of the meatloaf
samples was in the range 16.26 + 0.03 uM Trolox/g
for control sample to 22.65 + 0.015 uM Trolox/g
for LPC.

Comparing the ABTSe+ results of the meatloaf
samples, the TEAC of the samples with vegetable
oils and walnuts were significantly higher than the
control sample. Different components from
vegetable oils and walnuts are responsible of this
TEAC.

CONCLUSIONS

Commercially available vegetable oils, such as
sunflower, walnut and sea buckthorn oils and
walnuts were successfully used as substitutes for
pork back fat in the production of meatloaf.
Reduced-fat meatloaf would be beneficial for
health since they have lower total fat and energy.
The addition of various vegetable oils and walnuts
can contribute to the development of meatloaf with
desirable quality characteristics.

TBARsindex 3,5
(mgMDA/kg)

25 4—
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Figure 1. Effect of vegetable oils and walnuts on lipid
oxidation of meatloaf.
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Figure 2. TEAC of meatloaf determined using ABTS as
antioxidant probes.
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(Pestome)

Llenra Ha HacTOSLIOTO Mpoy4YBaHe Oellle Ja ce u3cieaBa edexTa Ha 3aMEcTBaHE HA XKHUBOTHHCKATa Ma3HUHA B PYJIO
»CTedaHu™ ¢ opexd M pa3NMYHU PACTUTEIHM Ma3HMHU (CIBHYOIIIENOBA, OpPEXOBa M OT MOPCKHM 3bpHACTel).
W3zcnenBaHu ca XMMHWYHHS ChCTaB, 3aryOMTe NpPH TOTBEHE, JMIHUIHOTO OKHCIECHHE IO METOAa Ha peaklusiTa C
THOOApONTYpOBa KUcennHa, oo antnokuganteH kamarureT (OAK). bemre ycranoBeHo, 4e 3a pyno ,,Ctedanun™ ¢
OpeXH ¥ Pa3iMYHU PACTHTCIHA MA3HHHH NPOIYKTHTE OT peakUuuira ¢ THOOapOHTYpOBa KHCEIHHA Ca MO-MalKo B
CpaBHEHHE C KOHTpOJiaTa, KOETO pasKpHBa BB3MOXKHOCTTA Ha JOOaBCHUTE MaTepuald Jga JAeicTBaT Karo
aHTHOKcuAaHTH. OOpasuuTe, Ma3HUHA OT OPEXU M MOPCKH 3bpHACTEL, NPUTEeXaBaT Hai-Bucok OAK, mocnenBanu ot
o0pa3uure, ChIbPKALIA OPEXU WU CIBHYOITIEAOBO MAaclo. BKIIOUBaHETO Ha PACTUTENHM Macja U OPEXU YCIIEIIHO
HaMaJsiBa ChAbPKAHHETO Ha )KHBOTUHCKA Ma3HUHA B KPAHUS MTPOIYKT, KATO NOA0OPSIBA TEXHUTE XapaKTEPHUCTHKH.
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The role of fats is to provide the desired textural properties of foodstuffs. The effect on the modification of texture is
based on the characteristics of solidification and melting. In order to fulfil the desired effect, the blending of different
types of fats is the simplest way. The aim of the present work is to investigate the melting and solidifying properties of
poultry fats mixed with different vegetable fats. Rendered poultry fat was blended with cocoa butter and palm mid
fraction (PMF). Mixing ratios were as poultry fat% - vegetable fat% by 100/0, 75/25, 50/50, 25/75 and 0/100.

Melting and solidification were detected by differential scanning calorimetry (Setaram evo 3 DSC apparatus).
Exotherm and endotherm peaks were detected as well as enthalpies were calculated.

During solidification of poultry fat-cocoa butter mixtures the effect of cocoa butter was observable. Increasing the
amount of cocoa butter in the blends resulted in higher releasing of heat. The crystallization pattern was dominated by
the cocoa butter. On the other hand, the effect of palm mid fraction in the fat mixtures prevailed gradually.

The melting of poultry fat-cocoa butter mixtures followed the type of the cocoa butter. 50% cocoa butter in the
blend resulted almost the same crystal structure than the pure cocoa butter. In case of poultry fat-palm mid fraction
blends two endotherm peaks were present in the blends similarly to the pure palm mid fraction. Total enthalpy increased
according to the increased ratio of palm mid fraction.

Keywords: solidification and melting of fat mixtures, mixtures of poultry and vegetable fats, textural properties of fat

mixtures, melting enthalpy of fat mixtures.
INTRODUCTION

Goose fat is a valuable food material due to its
smooth texture and pleasant sensory attributions [1-
4]. In some food products the fat component is a
mixture of vegetable and animal fats especially in
complex systems e.g.. patés, spreads, fillings of
bakery products etc.

Interaction between fats of different origin in fat
blends can modify physical properties of foods and
can be in the interest in food technologists [2, 5].
The aim of the present work was to study the
physical characteristics of goose fat — cocoa butter
and goose fat-palm mid fraction (PMF) blends.
Cocoa butter was chosen as a model for fats which
consist of symmetrical triglycerides and perform
sharp melting behavior; PMF represented fats that
show a wide melting temperature interval.

EXPERIMENTAL

Materials
Rendered poultry fat was blended with cocoa
butter and palm mid fraction (PMF). Materials were
provided by local food factories. Sample

* To whom all correspondence should be sent.
E-mail: anita.soos@uni-corvinus.hu

preparation followed the method of David Perez-
Martinez (2007). Fats were melted in order to
destroy crystal memory and following that the
different fats were mixed. After homogenization the
samples cooled down spontaneously to 5°C and
kept under this temperature for at least five days
until the measurements. Mixing ratios were as
poultry fat% — vegetable fat% by 100/0, 75/25,
50/50, 25/75 and 0/100. Materials were collected
from a local market and a local confectionery firm.

Methods

Fatty acid composition of pure fats was
analyzed by Gas Cromatograph (GC) according to
the methods based on MSZ 1SO 5508:1992. Type
of the apparatus was HP 5890 GC System, with
SGE BPX 70 column with parameters 50 m 0.22
mm 0.25 pm. Heating was from 150 °C to 210 °C
(with 1.3 °C min? heating rate). Pressure: 14 psi,
injector: 250 C split, split ratio: 100:1. Detector:
250 C, FID. Carrier gas was hydrogen, the flow
was 0.6 cm® min?, injection pressure was 0.965
bars. Identification of fatty acids was based on
retention times using fatty acid methyl ester
standards.

Melting and solidification were detected by
differential scanning calorimetry (Setaram evo 3
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DSC apparatus). Details of the measurements were:
20-25 mg of each sample was put into the 100 pl
alumina sample holder. Samples were cooled to 0
°C by 1°C min™ and kept at this temperature for 10
minutes. Heating was performed from 0 °C up to
+80°C by 1°C min?. Samples were kept at this
temperature for 30 min. and the cooling program
was applied by 1°C min? to -20°C and kept under
this condition for 10 min. Finally, the samples were
heated up to ambient temperature. Measurements
were done at constant speed during the heating and
cooling processes. Results were elaborated by
Callisto Processing 1.076 computer program using
linear base line. Heat flow and enthalpy of
exotherm and endotherm peaks were recorded and
calculated.

RESULTS AND DISCUSSION
Composition

Pure fats were characterized by their fatty acid
composition. Results are summarized in Table 1.

Table 1. Fatty acid composition (%) of the investigated
pure fats

: e ——
Fatty acid Fatty acid composition (%)

Goose fat CB PMF
SAFA 30.5 65.1 56.6
MUFA 58.6 31.9 40.4
PUFA 10.3 2.8 2.6
Not identified 0.6 0.2 0.4

Abbreviations: CB: Cocoa Butter; PMF: Palm Mid
Fraction; SAFA: saturated fatty acid; MUFA:
monounsaturated fatty acid PUFA: polyunsaturated fatty
acid.

Results show that CB contains the highest
amount of saturates and Goose fat the least. Goose
fat is rich in polyunsaturated fatty acids. Total
unsaturates in Goose fat aproach 70%. PMF
contained saturated and unsaturated fatty acids in a
balanced ratio.

Solidification thermograms

In Figure 1. thermograms of Goose fat, Cocoa
butter and their blends are shown. Figure 2.
demonstrates thermograms of Goose fat — PMF.

Abbreviations: A: vegetable fat, B: 25-75%
blend, C: 50-50% blend, D: 75-25% blend, E:
Goose fat

Figure 1 shows that goose fat has small
exotherm peaks (at 2°C and 16°C) indicating weak
crystal structure. A definite effect of cocoa butter
on crystallization is observable. Solidification
based on the cocoa butter has a pattern.
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Fig. 1. Cooling thermogram of Goose fat, Cocoa

Butter and their blend.

A: Cocoa Butter, B: 25-75% G/CB, C: 50-50% G/CB,

D: 75-25% G/CB, E: Goose fat

Figure 2 demonstrates that during solidification
PMF dominated the whole process. Another
characteristic exotherm peak of PMF appeared at
75-25% (Goose fat:PMF) blend and developed
according to the increasing amount of PMF
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Fig.. 2. Cooling thermogram of Goose fat, PMF and
their blend. A: PMF, B: 25-75% G/PMF, C: 50-50%
G/PMF, D: 75-25% G/PMF, E: Goose fat
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Average values of the solidification enthalpies
of Goose fat-cocoa butter blends are shown in
Figure 3. Small total enthalpy of Goose fat implies
weak structure. Presence of Cocoa butter in the
blend results in uniform increase in enthalpy
values.
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Fig. 3. Total
Goose/Cocoa Butter.

In Figure 4 average of the total enthalpy values
of solidification are summarized. PMF displays
almost seven times higher enthalpy than Goose fat.
Enthalpies increase stepwise by increasing the
amount of PMF in the blend.
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Fig. 4. Total solidification:

Goose/PMF.
Melting thermograms

Figure 5 shows the melting thermograms of
Goose fat - Cocoa butter blends. From the figure it
is clear that goose fat has a weak crystal structure
with two small endotherm peaks, Cocoa butter
performs one big peak. Melting of the blends
became gradually similar to the cocoa butter.Blends
containing 50% or more Cocoa butter show only
one big endotherm peak.

Figure 6 summarizes the melting thermograms
of the Goose fat — PMF blends. Results prove that
when the amount of PMF in the blend increases, the
shape of the thermogram approaches the pure PMF.
This phenomenon indicates that the whole process
is dominated by PMF.

In Figure 7 is seen that Goose fat had the lowest
and cocoa butter the highest total enthalpy during
melting. Increasing amount of cocoa butter in the
blend raised the enthalpies in a slightly exponential
manner.

Heat flow (mW)

;

Temperature (°C)
Fig. 5. Melting thermograms of Goose fat, Cocoa
Butter and their blend.
A: Cocoa Butter, B: 25-75% G/CB, C: 50-50% G/CB,
D: 75-25% GJ/CB, E: Goose fat.

Heat flow (mW)

i— —fF
{
o |
=

Temperature (°C)
Fig. 6. Melting thermograms of Goose fat, PMF and
their blend. A: PMF, B: 25-75% G/PMF, C: 50-50%
G/PMF, D: 75-25% G/PMF, E: Goose fat

160
140 —
120
100
80
40 B
20 - o

Goose  75/25 50/50 25175 CB
GI/ICB G/ICB G/CB

Enthalpy (J/g)

Fig. 7. Total enthalpy during melting: Goose/Cocoa
Butter.

Figure 8 demonstrates that PMF caused a
remarkable increase in the average of total enthalpy
in the blends. Changes were exponential-like.
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blend. Solidification and melting process of mixed
system of goose fat and cocoa butter or palm fat is
dominated by the vegetable fat. Results are
comparable with the other reported findings [4,5].
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Our results proved that Goose fat has weak
crystal structure, characterized as an easy-melt
material. The softening effect of goose fat is rather
high even if only a small amount is present in the
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TEPMOJINHAMMWYHN CBOMCTBA HA CMECHU OT MA3HHWHHU C PA3JIMUYEH I[TPOU3XO/]
A. oo™, JI. lomomu, K. Koman Mamnumnrep, K. Kepru banak, U. Censx
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Tlocrpmmna vHa 20 okromBpw, 2014 1.; mpueta 10 nexemspu, 2014 r.
(Pestome)

Posisita Ha Ma3HUHUTE € 1a OCUTYPSIBAT )KEJIaHU TEKCTYPHHU CBOMCTBA HA XPAHUTEIHUTE MPOIYKTH.

EdextbT Ha MoaubuIMpaHe HA TEKCTypaTa Ce AB/DKM HA XapaKTCPUCTHKUTE HA BTBBP/SIBAHE M TOICHE.
CMeCBaHETO Ha pa3InYHMA BHIIOBE MAa3sHHUHMA € HAW-MPOCTHAT HAYMH 3a MOCTUTaHe Ha jkemaHus edekt. llenta Ha
HacTosIaTa paboTa e W3clieBaHe Ha CBOMCTBaTa TOIICHE M BTBBPJSABaHE Ha NTHYM Ma3HUHH, CMECCHH C Pa3INYHU
pactutenHu Macna. Pa3tonena ntuda Ma3HHHa Oelie cMeceHa ¢ KakaoBO Maciio M cpeHa (hpaKiys Ha MMaJIMOBO MAacio
(IIC®). OTHOmICHNATA HA CMECBaHEe ITHYa Ma3HUHA % - pacTUTETHO Macio % Osxa kakTo ciensa: 100/0, 75/25, 50/50,
25/75 u 0/100.

TormeHeTo U BTBBPASABAHETO OsiXa M3CIEOBAHM Ype3 AU(PEPEHIINAHO CKaHUpalla KaJopuMmeTpus (amapar Setaram
evo 3 DSC). 3a menra 0sxa ycTaHOBEHH €K30TCPMUYHUTE U CHAOTCPMHYHHUTE ITHKOBE M OsIXa M3YUCICHHU CHTAIIIHUTE
Ha mpexoauTe. berre Hab0MaBaH ePEKT HA KAKAOBOTO MAcCJIO MTPU BTBHPSIBAHETO HA CMECH MTHYA Ma3HHHA — KAKaOBO
MacJio. YBEIHYaBaHETO Ha ChIABPKAHUETO HA KAKAOBO MAacjio B CMECTa JOBE/C J0 MMO-MHTEH3UBHO OCBOOOKIaBaHE Ha
tortuHa. [IporiechT Ha KpUcTamu3alus Oeire JOMUHUPaH OT KakaoBoTo Macio. Ot apyra edektsT Ha [ICD B cMecuTe
HAa Ma3HUHU CE€ TPOSIBSIBAIIIE TOCTEIICHHO.

Tomnenero Ha cMecUTe OT NMTHYA Ma3HMHA W KaKaoBO MAaclio clieaBaxa (a3oBUs MPEexoJ] Ha KakaoBoTo macio. 50%
KaKaoBO MAacjio B CMECTa JIOBelle IO MOYTH ChINaTa KPUCTaIHA CTPYKTypa KaTo Ta3d Ha YHCTOTO KaKaoBO Maciio. B
cinydass Ha cMecd oT nruda MasHuHa u [ICD Osxa HaONrOmaBaHM JBa SHAOTCPMHYHH IHKA, MOJOOHM Ha TE3W Ha
yuctoTo [ICO. OOmmaTa eHTannus HapacHa Ipy yBenudaBaHe yactra Ha [1CO.
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Tocopherol, carotenoid and chlorophyll content of three pumpkin species (Cucurbita moschata, Cucurbita
pepo, Cucurbita maxima) and three melon species (Honeydew, Dessert 5 and Hybrid 1) grown in southern part in
Bulgaria were investigated. Highest content of tocopherols was found to be in Cucurbita moschata and in Honeydew
glyceride oils - 417 mg kg and 828 mg kg, respectively. Chlorophyll content was detected in melon species but this
pigment was not observed in pumpkin species. In Cucurbita maxima and melon species Hybrid 1 oils were established
higher quantities of B-carotene - 1222.33 ppm and 35.97 ppm, respectively. The green components predominates in the
oils of all melon varieties, while there are differences in pumpkin seed oils - from highly dominant red component in
Cucurbita pepo to less pronounced red color in Cucurbita moschata and to a clearly dominant green component in
Cucurbita maxima. Fluorescence spectra of three wavelength in visible region (A=370 nm, A=395 nm, A=425 nm) and
in ultraviolet region (A=305 nm) were obtained. Correlation between intensity of fluorescence maximum at A=384 nm
and y - tocotrienol content was found in different species from melon seed oils. There was correlation between intensity
of fluorescence maximum at A=675 nm and chlorophyll content, too. Other fluorescence maxima were found at A=634
nm, A=688 nm, A=480 nm and A=500 nm, which were connected with presence of different pigments. On the other

hand, these fluorescence maximums were indicators of passing process of oxidation.

Key words: pumpkin and melon seed oils, tocopherols, carotenoids, chlorophyll, fluorescence, colour parameters.

INTRODUCTION

The Cucurbitaceae is a family of annual and
perennial herbaceous vines, distributed in tropical,
subtropical and temperate areas. It includes about
800 species in 125 genera. The Cucurbitaceae
family includes gourds, melons, watermelons,
pumpkins and squashes. They are characterized by
their fleshy fruits.

The chemical content of the pumpkin family has
been the object of a number of studies and it has
been established that the content of the basic
chemical components of the fruit vary in large
ranges depending on the sort, the climatic
conditions and the way of cultivation [1]. The dry
substance of the fruit is within the limits from 6.0
% to 20.0 % out of which between 2.0 % and 14.0
% are sugars. Relatively high are the contents of
starch (from 2.0% to 7.0%), fats and proteins (from
1.3 % to 1.5%) of the total fruit weight. They are a
rich source of mineral salts of potassium,
phosphorus, sodium, magnesium, etc.

Pumpkin seeds contain proteins from 25.0 % to

* To whom all correspondence should be sent.
E-mail: jana_petkova@mail.bg

51.0 %, crude oils from 34.5 % to 60.0 % and in the
fatty acid profile dominate linoleic acid — over 40.5
% and oleic acid — over 46.9 %, fibres — around
13.8 %, mineral substances in the range from 4.45
% to 5.00 % [2,3,4]. In the literature, information
about the lipid content of oils from seeds of various
sorts of the family Cucurbitaceae is based on
research on the physico-chemical properties and the
fatty acid contents of the oils, and the data obtained
varied depending on the type of the seeds and the
area of cultivation. Data on the content of
tocopherols can be found in the literature in the
fruit, in the peel, and in the seeds and the latter is
the greatest in pumpkin. The content of y-
tocopherols in the seeds was 66.85 mg kg* and of
the a-tocopherols was 25.74 mg kg™ raw weight.
The content of B-carotene is the highest in the peel
of pumpkin (68.3 mg kg?), while in the seeds [5] it
is 7.15 mg kg*. The studies on the lipid content of
the seeds of local sorts of pumpkin are rather
scanty. Cold pressed pumpkin oil is commercially
available but it is still not widely popular due to its
dark green color.

Melon seeds are characterized by no smaller
values and fat contents is 25.0 % - 45.2 % with a
high nutritional value, due to the high level of
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polyunsaturated fatty acids (linoleic from 51.0 % to
69.0 % and oleic 12.1 % to 31.0 % acids) [6-11].
Melon seed oil has still found no use, and there lack
data on the lipid content.

The objectives of this work are to lead
investigations about tocopherol composition of
different pumpkin and melon seeds grown in
Bulgaria and to examine the physico-chemical
characteristics of the oils as color parameters and
fluorescence in UV-VIS range.

EXPERIMENTAL

Samples. The pumpkin species Cucurbita
moschata, Cucurbita pepo and Cucurbita maxima,
and melon species Honeydew, Dessert 5 and
Hybrid 1 from fam. Cucurbitaceae, were grown
and obtained from the region of South Bulgaria,
crop 2013.

Isolation of glyceride oil and determination of
oil content. The seeds (50 g sample) were air-dried
and ground to powder and the oil was extracted
with n-hexane in Soxhlet apparatus for 8 h. The
solvent was partly removed in rotary vacuum
evaporator, the residue was transferred in pre-
weight glass vessels and the rest of the solvent was
removed under stream of nitrogen to a constant
weight to determine the oil content [12].

Analysis of tocopherols. Tocopherols were
determined directly in the oil by HPLC on a
“Merck-Hitachi" (Merck, Darmstadt, Germany)
instrument equipped with 250 mm x 4 mm
Nucleosil Si 50-5 column (Merck, Darmstadt,
Germany) and fluorescent detector "Merck-Hitachi"
F 1000. The operating conditions were as follows:
mobile phase of n-hexane:dioxan 96:4 (by volume),
flow rate 1.0 ml/min, excitation 295 nm, emission
330 nm [13]. 20 ul 1 % solution of oil in hexane
were injected. Tocopherols were identified by
comparing the retention times with those of

authentic  individual  tocopherols.  Reference
tocopherol homologues were purchased from
Merck (Darmstadt, Germany). The tocopherol
content was calculated on the basis of tocopherol
peak areas in the sample versus tocopherol peak
area of standard a.-tocopherol solution.

Colour parameters. CieLab colour parameters
are measured directly by using spectrophotometer
(Lovibond Tintometer PFX 195, UK). The content
of B-carotene and chlorophyll are determined using
special software.

The fluorescence of the samples was studied by
exciting them with light emitting diodes (LEDSs)
emitting at 370 nm, 395 nm and 425 nm and in UV
range at A=305 nm. A 90 degree geometry of light
detection in 10x10 mm cuvette were used. Samples
were studied without any preliminary solution. For
UV illumination the samples are fixed between two
quartz plates. Fluorescence and scattering spectra
are recorded using fiber-optic spectrometer Avantes
2048 with a spectral sensitivity within the 250-1100
nm range.

RESULTS AND DISCUSSION

The investigated pumpkin Cucurbita moschata,
Cucurbita pepo and Cucurbita maxima seeds from
Bulgarian origin contain high quantities of
glyceride oil (45.1 % - 51.5 %) which is rich in
poly- and monounsaturated fatty acids especially
linoleic acid (35.6 % - 50.8 %) and oleic acid (21.8
% - 35.9 %) and have low amounts of saturated
fatty acids [14]. The oil content in the seeds of
melon (Honeydew, Dessert 5 and Hybrid 1) varied
from 41.6 % to 44.5 % and the major fatty acid in
total lipid was linoleic (51.1 % - 58.5 %), followed
by oleic acid (24.8 % - 25.6 %) [15].

Tocopherol content and tocopherol composition
of the seed oils are presented in Table 1.

Table 1. Total tocopherol content and tocopherol composition of different pumpkin and melon seed oils

Pumpkin Melon

Tocopherols ) ) )

Cucurbita  Cucurbita Cucu_rblta Honeydew Dessert 5 Hybrid 1

moschata pepo maxima
o — tocopherol, % 1.620.1 7.1+£0.2 2.4+0.1 2.9+0.2 19.7+0.2 6.2+0.1
[ — tocopherol, % - - - 1.7+0.1 - -
y-tocopherol, % 88.4+0.4 71.7£0.5 58.1+0.2 91.5+0.5 71.4+0.4 78.5+0.2
y — tocotrienol, % 10.0+0.1 21.2+0.2 39.5+0.4 3.9+0.1 8.9+0.2 15.3+0.3
Total — tocopherol - s 292:10 233+12 828420 435£10 73111

content, mg kg™
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The contents of tocopherols were from 233 to
417 mg kg?! and 435 - 828 mg kg? for the
pumpkins and the melon, respectively. The highest
content of tocopherols in pumpkin seed oils was
found to be in variety Cucurbita moschata (417 mg
kg?); and in melon seed oils - Honeydew and
Hybrid 1 (828 and 731 mg kg, respectively). The
content of tocopherols was found to be in
Cucurbita pepo and Cucurbita maxima seed oils
(292 - 233 mg kg, respectively). According
Ardabili et al. [16] and Gemrot et al. [17] the total
tocopherol content in oil of pumpkin seeds
(Cucurbita pepo) was 882.65 mg kg* and in the
seeds was 107.0 mg 100 g*. Azhari et al. [18]
reported for the total tocopherol content in Cucumis
melo var. tibish seed oil was 43.20 mg 100 g7,
which was similar to tocopherol content of oils
from Dessert 5.

y-Tocopherol (from 58.1 % to 88.4 %) was
dominated component in Cucurbita maxima,
Cucurbita pepo and Cucurbita moschata pumpkin
seed oils followed by y-tocotrienol (10.0 % - 39.5
%). In the oil from seeds of Cucurbita pepo was
found a higher content of a-tocopherol (7.1 %) than
the other two varieties (1.6 % - 2.4 %). M.Y. Kim
et al. [5] reported that the seeds of Cucurbita pepo
and Cucurbita moschata have significantly higher
quantity of y - tocopherol (61.65 mg kg™ - 66.85 mg
kg in raw weight) than in Cucurbita maxima seeds
(28.70 mg kg* raw weight). According to them the
content of y - tocopherol in oil from seeds of
Cucurbita pepo and Cucurbita moschata was 2-3
times higher than a-tocopherol. In another reports
in the oil of twelve pumpkin cultivars (Cucurbita
maxima) a-tocopherol ranged from 27.1 pg g to
75.1 ug g in the oil, y-tocopherol from 74.9 pg g*
to 492.8 ug g* and § - tocopherol from 35.3 ug g*
t0 1109.7 pg g* [19].

v - Tocopherol predominated in all melon seed
oils (71.4 % - 91.5 %). o - Tocopherol content in
the oil from Dessert 5 was highest (19.7 %),
followed by Hybrid 1 (6.2 %) and Honeydew (2.9
%). The content of y-tocotrienol was found to be
15.3 % in Hybrid 1, 8.9% in Dessert 5 and 3.9% in
Honeydew. B-Tocopherol was detected in
Honeydew oil in small amounts (1.7%).

The colour parameters of the considered oils
were studied. The results are presented in Table 2.

Chlorophyll content was detected in oils from
melon species (0.02-0.04 ppm) but in oils from
pumpkin species this pigment was not observed. In
Cucurbita maxima and melon species Hybrid 1 oils
were established higher quantities of [-carotene -
1222.33 ppm and 35.97 ppm, respectively.

Of all the studied pumpkin oils Cucurbita pepo
is characterized by lowest luminosity value while
for the rest luminosity is comparable. The
observations for melon oils are analogous — lowest
luminosity are of the Hybrid 1 sort, while the
highest luminosity is of the oil from the seeds of
Dessert 5.

In melon seed oils dominant is the green (a<0.0)
and yellow (b>0.0) components. This is not valid
for the pumpkin seed oil - it is red (a>0.0) for two
sorts, while for Cucurbita maxima the green
components dominates (a<0.0).

The fluorescence spectroscopy in the visible and
ultraviolet region gives an opportunity for
distinguishing of four main fluorescence peaks
connected respectively with: the presence of
tocopherols at A= 346 nm and 384 nm; the presence
of oxidation products at A= 514 - 520 nm; the
presence of chlorophyll at A= 675 - 678 nm; the
presence of pigments at A= 620 nm and 700 nm.

Table 2. Colour parameters of oils from seeds of different sorts of melon and pumpkin

Pumpkin seed oil Melon seed oil
) Cucurbita Cucurbita Cucurbita .
Type of oil moschata 0epo maxima Honeydew Dessert 5 Hybrid 1
X SD X SD X SD X SD X SD X SD
Luminosity (L) 66.42 002 2231 002 608 000 767 094 9178 006 4829 1.83
a 061 000 1649 002 -731 001 -404 01 -521 001 -351 0.21
b 7163 005 3569 005 4818 002 254 005 2205 005 4944 122
g;‘r:r?mphy"’ 000 000 000 000 000 000 004 000 002 000 002 000
E::]mte”e' 7291 232 62.84 478 122233 072 873 071 658 003 3597 431
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Fig. 1. The fluorescence spectra in the ultraviolet and visible ranges of oils from seeds of Bulgarian sorts of pumpkin

and melon.

On analyzing the obtained spectra the best ratio of pumpkin and melon seeds in the visible and UV
of the fluorescence to the intensity of the excitation ranges at the indicated wavelengths.
source and most fluorescence peaks are obtained at The intensive peak at about 342 nm is observed
A =305 nm and A = 425 nm. Fig. 1 presents only for oil from melon seeds of the Honeydew
fluorescence spectra of the considered oil samples sort, when it is excited by a LED at A = 305 nm.
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The last fact can be explained with the highest total
content of tocopherols from all oils obtained from
different sorts of melons.

It is well known that the pigments of the
chlorophyll groups are observed with oils extracted
directly from seeds of different cultures prior to
refining. Since melon oil of the Honeydew sort is
the richest in chlorophyll (0.04 ppm), a strong
fluorescence peak is observed at 675 nm when
excited at 305 nm. For the rest of the melon oils no
such peaks are observed because their chlorophyll
content is comparatively lower (0.02 ppm). Similar
fluorescence maxima have been observed for other
vegetable oils such as rape seed, soy bean etc [20].

For all sorts of pumpkin oil chlorophyll content
is 0.00 ppm and the observed fluorescence maxima
around 634 nm and 688 nm are related to the
existence of pigments [20] different from
chlorophyll.

The maxima of fluorescence radiation are about
480 nm and 500 nm are related to the presence of
oxidation processes in oils. From the intensity of
this maximum it can be concluded that the presence
of the oxidation products is the weakest for melon
oil of the type Hybrid 1, followed by that of Dessert
5. Similar fluorescence maxima are between 500
nm and 520 nm for edible vegetable oils are found
in [21]. According to the fluorescence maximum
oxidation products exist in the pumpkin seed oil of
the type Cucurbita maxima.

CONCLUSION

The melon seed oils have higher content of
tocopherols than the pumpkin seed oils. The
connection between tocopherol content, products of
oxidations, chlorophyll, B-carotene and presence of
pigments and the fluorescence maxima at different
wavelength in UV-VIS were observed. It has been
investigated small amounts of -carotene and
chlorophyll in these oils; the exception was the oil
from Cucurbita maxima in which B-carotene was
1222.33 ppm. Because of the comparatively high
content of tocopherols and lower content of
oxidation products pumpkin and melon seed oils
are very valuable sources of biologically active
components and can be wuse for human
consumption, added in foods and cosmetics. This is
the  first  study about  physicochemical
characteristics of pumpkin and melon seed oils

grown in Bulgaria and could take a place in further
investigations on these oils and their application in
food industries, cosmetics and medicine.
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OUBNKOXUMUNYHU XAPAKTEPUCTUKHN HA MACJIA OT CEMEHA HA BBJII'APCKU
COPTOBE THUKBA U ITBIIEII

XK IO. ITetkosa®”, ' A. Aurosal, K.T. Hukonosa®, T.A. E¢Tumos?

1y, Maucuii Xunenoapcku”, Kameopa ,, Xumuuna mexuonoeusn’”’, 4000, ep. [Inosous, bvreapus
2y, Maucuii Xunenoapcku”, @axyamem no @uzuxa, 4000, ep. [Inosous, bvacapus
3YHueepcumem no Xpaunumennu Texnonozuu, Kameopa ,, @Quzuxa”, 4002, ep. Ilnoedus, Bvicapus

Ioctenmna va 11 cenremBpy, 2014 1.; mpuera Ha 25 HOemBpH, 2014 T.

(Pe3srome)

W3cnenpanu ca TOKO(EPOTHHUS, KAPOTCHOUIHUS U XJIOPODUIHUS CHCTaB HAa CeMEHa OT TPH COpPTa THKBA
(Cucurbita moschata, Cucurbita pepo, Cucurbita maxima) u tpu copra nenem (Medena poca, Hecepmen 5 v Xubpuo
1), orrnenanu Ha Teputopusta Ha FOxxHa Bbiarapus. Haii-BHCOKO chabpikaHHe Ha TOKO(GEPONH € OMpeneieHO B
macnata ot Cucurbita moschata u Medena poca - 417 mg/kg u 828 mg/kg, crotBeTHO. ChAbpKaHUE Ha XJIOpOdUI €
OTKPHUTO B MacliaTta OT WU3CICIBAHUTE COPTOBE MBICI, HO HAIUYHE HA TO3H MUTMEHT B MacliaTa OT Pa3IMIHH COPTOBE
THKBa HE € yCTaHOBeHO. B THKBeHOTO Macio ot copT Cucurbita maxima u B meremoBoto Macio ot copT Xubpuo I ca
OTIpE/ICIICHH BUCOKM KonudecTBa Ha [B-kaporeH (1222.33 ppm u 35.97 ppm). 3eneHara KOMIOHEHTa peoliagaBa B
MaciaTa OT BCHYKH H3CIICIBaHM COpTa WBIEII, JOKaTo B MacjaTa OT THKBa ce HaONIofaBaT pasiudus — OT
npeobnanaBaia yepBena kommnonenta B Cucurbita pepo, npes mo-cnabo u3pasen uepsen ussit B Cucurbita moschata u
IO SICHO JOMUHHpamia 3elieHa komIoHeHTa B Cucurbita maxima. Iloxydenu ca u (ayopecueHTHHTE CIEKTPH HPH
pa3MyuHK JABJDKMHE Ha BbIHHTE BbB Buammus (A=370 nm, A=395 nm, A=425 nm) u B ynTpaBUOJIETOBUS CHEKTHP
(A=305 nm). IIpeacTaBeHa € ¥ 3aBUCMOCTTa MEKAY (IIyOPECIEHTHUS MaKCUMyM TIpu A=384 NM U ChIbPIKAHUETO HA
Y - TOKOTPHEHOJI B MacliaTa OT CEMEHA Ha pa3JIMYHUTE COPTOBE THKBA M ITBIICII. YCTaHOBEHO € M CHLIECTBYBAHETO Ha
3aBUCHMOCT MEXJY WHTEH3HMTeTa Ha (DIyOpPEeCUEHTHHS MakCUMyM mpu A=675 NM u chabpKaHUETO Ha XJIOPOGDUII.
Jpyru ¢uyopeclueHTHH MakCUMyMH ca IojydeHu u npu A=634 nm, A=688 nm, A=480 nm u A=500 nm, kouro ca
CBBP3aHH C HAIMYHETO Ha pasiiyHu nurMeHTd. OT Ipyra cTpaHa, Te3h MaKCHMYMH Ca W WHIUKATOPH 32 MPOTHYAIIN
OKHCITUTEIIHU MPOLIECH B Macliara.
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The fatty acid composition of lipids in carps grown in earthen ponds (Fish-Farming Experimental Facility in
Trivoditsi village), natural waters (free aquatory of Bistritsa reservoir) and net-cages (cage farm situated in the same
reservoir) was analyzed by gas liquid chromatography. The oleic C18:1, palmitic C16:0 and linoleic C18:2, @ -6 acids
with percent shares of 27.73 %, 22.97 % and 13.60 %, prevailed in fats extracted from meat of carps grown in
Trivoditsi pond, while in triglyceride fraction of carps grown in free waters of Bistritsa reservoir the percentages of the
same acids amounted to 33.97 %, 18.70 % and 23.37 % correspondingly. The content of saturated fatty acids varied
from 21.63% to 37.33 % and that of unsaturated ones from 62.67 % to 78.37 %. In lipids of carps grown in earthen
ponds (Trivoditsi village) the level of polyunsaturated eicosapentaenoic acid (C20:5, ®-3) was higher than in two other
investigated carp groups.

The technology of breeding influenced the fatty acid profile of carp lipids mainly by type of applied fodder and
abundance of available planktonic organisms.

Key words: Cyprinus carpio L., lipids, fatty acid composition.

INTRODUCTION

Fish fats are distinguished by big diversity of
fatty acids composing them. The content of
unsaturated fatty acids varies from 70 to 83 % and
that of saturated ones from 17 to 30 %. As a
consequence of this the human body absorbs the
fish fats very well. Particularly well presented are
the acids with 18, 20 and 22 carbon atoms and the
-3 fatty acids (FA) — linoleic, linolenic and
arachidonic, which, being of highest biological
value are marked as essential ones.

According to availability of single fatty acids
the lipids extracted from meat of two-year-old carps
are either from oleic-linoleic-palmiticoroleic-
palmitic-linoleic type where by the content of
saturated fatty acids ranged between 22.0 — 34.3 %
and of unsaturated ones between 65.7 — 78.0 %.
Hadjinikolova [1], Cirkovic and coworkers [2] and
Trbovich and coworkers [3] in their comparative
studies pointed out the effect of breeding
technologies and type of applied fodder on meat
quality and FA profile of carp lipids.

In relation to the foregoing the goal of this work
is to study the FA composition of meat of carps
grown in different production systems by three
breeding technologies.

* To whom all correspondence should be sent.
E-mail: astoeva@abv.bg

EXPERIMENTAL

The fatty acid composition of lipids in scaly
carp (Cyprinus carpio L.) of market size bred under
conditions of three different technologies, which
characteristics are presented on Table 1 is studied.

The fish grown in earthen ponds of the Fish
Farming Experimental Facility in Trivoditsi village
is fed with sunflower meal and grain, while
extruded fish fodder and grain — wheat and
screenings in ratio 70:30 are fed to fishes in free
aquatory of Bistritsa reservoir. The fishes of the
third experimental group held in net - cages in the
same reservoir are fed with extruded fish fodder
with 25 % protein and 12 % fat content.

During the experiment in the period May-
October 2012 the physicochemical characteristics
of the aquatic environment are recorded on monthly
intervals. The measured water temperature, pH and
concentration of dissolved oxygen were within the
technological norms for carp ponds ensuring proper
gowning conditions.

For investigation a representative number of
fishes are taken at random. The weight of single
fishes caught in October 2012 varies between 810 —
1159 g. For analysis the individual samples are
prepared from fish musculature (the lateral muscle)
taken from one and the same position after removal
of the skin and subsequent homogenization of the
meat.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 63
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Table 1. Characteristics of investigation production systems (sites).

Bistritsa reservoir
Net-cage farm

Bistritsa reservoir
Free aquatory

Site/ Tri voditsi 2
Characteristics Earthen pond No 10
Avrea, dka 45
Volume, m® 58 500
Depth, m 1.3

Degree of technology
intensification

Semi-intensive carp rearing  Semi-intensive carp rearing

204 80
714000 320000
3.5 4.0

Intensive carp rearing

The fatty acid composition of lipids is
determined by gas chromatography (GC) after
transmethylation of the respective sample with 2 %
H>SO4 in absolute CH3OH at 50°C [4]. Fatty acid
methyl esters (FAME) are purified by thin-layer
chromatography (TLC) on 20x20 cm plates covered
with 0.2 mm silica gel 60 G layer (Merck,
Darmstadt, Germany) with mobile phase n-hexane:
diethyl ether (97:3, v/v). GC is performed on a HP
5890 series Il (Hewlett Packard GesmbH, Vienna,
Austria) gas chromatographer equipped with a 60 m
x 0.25 mm (I.D.) x 25 pm (film thickness) capillary
DB - 23 column (Agilent J&W advanced, Agilent
Technology, USA) and a flame ionization detector.
The column temperature is programmed from
130°C (1 min), at 6.5°C/min to 170°C, at
3.0°C/min to 215°C (12 min), at 40°C/min to
230°C (3 min); injector and detector temperatures
are kept at 270°C and 280°C. Hydrogen is the
carrier gas at a flow rate 0.8 mL/min; split was
1:50. Identification of fatty acids is performed by
comparison of retention times with those of a
standard mixture of fatty acids subjected to GC
under identical experimental conditions [5]. The
analytical standard of fatty acid methyl esters
(SUPELCO F.A.M.E. Mix C4-C24, purity ~99 %)
is from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). All solvents and reagents are of
analytical grade from Merck (Darmstadt, Germany)
and are used without additional purification.

RESULTS AND DISCUSSION

The fatty acid composition data of lipids
extracted from carp meat are presented in Table 2.
The fatty acid composition of carps from earthen
ponds in Trivoditsi village shows bigger shares for
oleic C18:1 (27.73 %), palmitic C16:0 (22.97 %)
and linoleic C 18:2, ®-6 (13.60 %) acids. The
percentages of palmitoleic C16:1 (4.23 %), stearic
C18:0 (7.37 %), linolenic C18:3, o -3 (1.60 %),
eicosapentaenoic C20:5, ®-3 (4.93 %), behenic
C22:0 (3.73 %), and docosahexaenoic C22:6, ®-3
(6.12 %) acids are in the range from 1.60 % to 7.37
%. The percent shares of the remaining fatty acids
are around or under 1.0 %. The level of unsaturated
acids amounts to 62.67 % and of saturated ones to
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37.33 % correspondingly. The content of
monounsaturated fatty acids is in the range of 34.06
% and of polyunsaturated fatty acids is about 28.61
% correspondingly. The ratio of ® -6 to ® -3
polyunsaturated FAs is 1.24:1. According to
availability of single FAs the lipids extracted from
fish meat are from oleic-palmitic-linoleic type.

In the triacylglycerol fraction of fats extracted
from meat of carps grown in the free aquatory of
Bistritsa reservoir the percentages of oleic C18:1,
linoleic C18:2, ® -6 and palmitic C16:0 acids are
33.97 %, 23.37 % and 18.70 %. The percent shares
of palmitoleic C16:1 (3.77 %), stearic C 18:0 (5.53
%), linolenic C18:3 w-3 (3.03 %), eicosapentaenoic
C20:5 w-3 (2.07 %) and docosahexaenoic C22:6 w-
3 (2.40 %) acids vary in the range of 2.07 % to 5.53
%. The percentages of remaining fatty acids are
around and under 1.0 %.

The content of unsaturated fatty acids (72.40 %)
is 2.5 times more than that of saturated fatty acids
(27.60 %) and the ratio between contents of
monounsaturated to polyunsaturated fatty acids is
1.2:1. The total percentage of ® -6 polyunsaturated
fatty acids is 25.20 %. The linolenic C18:2 acid
with 23.37 % takes the biggest share from them.
The content of ® -3 fatty acids is 7.50 %. They are
presented by approximately equal quantities of
linolenic C18:3 (3.03 %), eicosapentaenoic C20:5
(2.07 %) and docosahexaenoic C22:6 (2.40 %)
acids. According to the shares of single fatty acids
extracted from the fish meat the lipids are of oleic-
linoleic-palmitic type.

The triacylglycerol fraction of lipids extracted
from meat of carps grown in net-cages positioned
in Bistritsa reservoir consists from three basic
components - the oleic C18:1 (37.90 %), linoleic
C18:2, 0-6 (28.10 %) and palmitic C16:0 (15.03 %)
acids. The palmitoleic C16:1 (3.07 %), stearic
C18:0 (4.73 %), linolenic C18:3, ®-3 (2.83 %),
eicosenoic C20:1 (1.33 %), -eicosapentaenoic
C20:5, -3 (1.10 %) and docosahexaenoic C22:6,
®-3 (1.77 %) acids vary in the range from 1.10 % to
4.73 %. The content of the remaining fatty acids is
under 1.0 %. The percentage of unsaturated fatty
acids (78.37 %) prevails in the analyzed lipid
samples. The percent of monounsaturated fatty
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Table2. Fatty acid (FA) composition of analyzed carp samples, (n=3).

Breeding facilities and technologies

Fatty acids, Tri voditsi 2 Bistritsa reservoir Bistritsa reservoir
% wt Earthen pond No 10 Free aquatory Cage farm

X + Sx Cv X + Sx Cv X + Sx Cv
Cso 0.13+0.041 43.301 0.00£0.00 0.00 0.00+0.00 0.00
C 120 0.13+0.041 43.301 0.10£0.00 0.00 0.10£0.00 0.00
C 140 1.40+0.324 32.733 1.17+£0.163 19.795 0.90+0.10 0.071
C 1 0.20+0.00 0.00 0.10+0.00 0.00 0.10+£0.00 0.00
C 150 0.57+£0.041 10.189 0.33+0.147 62.450 0.17+£0.041 36.641
C 160 22.97 +£1.145 7.052 18.70 £ 1.485 11.230 15.03+1.219 11.470
C 161 4.23 +£0.642 21.434 3.77 £ 0.531 19.926 3.07+£0.147 6.788
C 170 0.33+£0.082 34.641 0.23+0.082 49.487 0.10+0.00 0.00
C 171 0.47 +£0.041 12.372 0.33+0.082 34.641 0.17+0.041 34.641
C 180 7.37+0.426 8.182 5.53 £ 0432 11.042 473+0414 12.379
C 181 27.73 £2.628 13.401 33.97+1.809 7.531 3790+ 1.768 6.596
C 182 (-6) 13.60 + 1.098 11.415 2337+2.780 16823  28.10+1377  6.928
C 183 (0-6) 0.23+0.041 24.744 0.37+£0.041 15.746 0.47 £0.041 12.372
C 183 (0-3) 1.60 +£0.255 22.535 3.03+0.294 13.725 2.83 +£0.294 14.694
C 200 0.10 £0.00 0.00 0.13£0.041 43.301 0.10£0.00 0.00
C 201 1.23 +£0.082 9.362 1.30 £ 0.245 26.647 1.33+0.286 30.311
C 202 (-6) 1.00 £ 0.00 0.00 0.73 + 0.041 7.873 0500071  20.000
C 203 (0-3) 0.10 £ 0.00 0.00 0.00 + 0.00 0.00 0.00 + 0.00 0.00
C 204 (-6) 1.03 £ 0.041 5587  0.73+0.082 15.746 0730041  7.873
C 205 (0-3) 493+ 0817 23406  2.07+0.535 36.638 1.10+£0.187  24.052
C€22:0 3.73 +£0.349 13.213 1.10£0.510 65.556 0.30+0.071 33.333
Cc22:1 0.20 £ 0.00 0.00 0.23+£0.108 65.465 0.30£0.00 0.00
C 230 0.10 £ 0.00 0.00 0.11£0.071 47.141 0.07 £0.01 14.286
C 240 0.50 £ 0.082 20.377 0.20+£0.071 50.000 0.13£0.041 43.301
C 226 (©-3) 6.12 + 1.824 41381  2.40+0.534 31.458 17740634  50.733
Saturated FA 37.33+1.735 6.574 27.60 +2.839 14.547 21.63 +0.909 5.944
Unsaturated FA 62.67 £ 1.735 3.916 72.40 +2.839 5.546 78.37 £0.909 1.641
';"A‘"”O“”S""t“rate‘j 34.06 +3.051 12702 3970+ 1.243 4.428 4287+155 5145
ig}y“r‘sat“rated 28.61 = 1.344 6.620 3270+1598 6913  3550£0951  3.790
>»-6 15.86 + 1.064 9.482 25.20 £ 2.807 15.734 29.80+1.310 6.215
Ym-3 12.75+£2.452 28.578 7.50+1.227 23.133 5.70 £ 0.367 9.116
Ratio Xo»-6:X®-3 1.24 +£0.354 35.714 3.36+1.105 43.390 5.23 +£0.535 14.377

acids (42.87 %) is higher than of polyunsaturated
ones 3550 %. In the composition of
polyunsaturated fatty acids the percent of w-6 fatty
acids (29.80 %) is higher at the expense of the ®-3
fatty acids (5.70 %) whereby the ratio ®-6:®-3
polyunsaturated fatty acids is 5.23. According to
the shares of single fatty acids extracted from the
fish meat the lipids are of oleic-linoleic-palmitic
type.

The data analysis shows, that three basic
components of triacylglycerol fraction of carps
grown under conditions of three breeding
technologies are palmiticacid C16:0 (from 15.03 %
net-cages in Bistritsa reservoir to 22.97 % earthen
ponds in Trivoditsi village); oleic acid C18:1 (from
27.73 % earthen ponds in Trivoditsi villageto 37.90

% cages in Bistritsa reservoir) and linoleicacid
Cl18:2 ® -6 (from 13.60 % earthen ponds in
Trivoditsi villageto 28.10 % net-cages in Bistritsa
reservoir).

It is proved that according to shares of single
fatty acids the lipids extracted from the meat of
two-year-old carps are of oleic-linoleic-palmitic
type (in free aquatory and cages of Bistritsa
reservoir) and of oleic-palmitic-linoleic- type (in
earthen pond in Trivoditsi village), where by the
content of saturated fatty acids varies in the range
21.63 - 37.33 % and of unsaturated ones between
62.67 - 78.37 %. The individual fatty acid profile is
affected by applied fodders in different breeding
technologies. The obtained results are comparable
with those reported by Hadjinikolova [1] in her
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investigation of fatty acid composition of the carp.
They also are consistent with the investigations of
Cirkovic and coworkers [2] and Trbivic and
coworkers [3] proving the influence of breeding
technologies and type of applied fodder on fatty
acid profile of carp lipids.

According to the guidelines of World Health
Organization it is assumed that raw materials and
natural products with ®-6:»-3 fatty acid ratios
lower than 5.0 are of low risk for human health. To
this group belongs the meat of fishes reared in the
earthen pond No 10 in Trivoditsi village and in the
free aquatory of Bistritsa reservoir, while the ratio
of fish group from net-cages of Bistritsa reservoir is
5.23.

The lipids of carp grown in earthen type ponds
(Trivoditsi village) have relatively high percentage
of polyunsaturated eicosapentaenoic C20:5, ®-3
(4.93 %), which content is 2-12 times higher than in
two other investigated carp groups. Most probably
thisis due to the good natural food basis of the pond
and good trophic level of zooplankton, which are
properly supplementing the fish diet of fodder
(sunflower meal and grain). This fact proves that
breeding technologies including good development
of planktonic organisms favor synthesis of
eicosapentaenoic acid C20:5 -3, what is consistent
with the studies of Mraz and coworkers [6].

CONCLUSION

The breeding technology affects the fatty acid
profile of carp lipids mainly by type of applied
fodder and degree of development of planktonic
organisms.
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The individual fatty acid profile of carp lipids
from investigated groups is of oleic-linoleic-
palmitic and oleic-palmitic-linoleic- type. The
content of saturated fatty acids is in the range 21.63
- 37.33 % and of unsaturated ones - 62.67 - 78.37
%.

It is proved that the percentage of
polyunsaturated eicosapentaenoic acid C20:5, (®-3)
in lipids of carp grown in earthen type ponds
(Trivoditsi village) is several times higher than its
content in the other investigated carp groups
coming from free aquatory and net-cage farm in
Bistritsa reservoir.
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MACTHOKUCEJIMHEH CbCTAB HA JIMITU/U OT IHAPAH (CYPRINUS CARPIO L.)
OTTJIEXXIAH B PA3JIMYUHU ITPOU3BOJCTBEHM CUCTEMUA

I'. A. AuroBal, A. C. Usanosa?, JI. JI. Hajxunukonosa?”’, M. . Anrenosa — Pomopal

L IThosouscku Yuueepcumem ,, [laucuu Xunenoapcku”, Kameopa Xumuuna mexnonoeus,
yn. Hap Acen, 24, 4000 ITnosous, e-mail: ginant@uni-plovdiv.bg
2 Hucmumym no pubapcmeo u akéaxyimypu,
ya.Bacun Jlescku, 248, 4003-I11060us

[octpnuna Ha 15 centemBpy, 2014 r.; mpueta Ha 25 nexemBpu, 2014 .
(Pesrome)

AHaNM3UpaH ¢ MACTHOKHCEIWHHUSIT ChCTAB HA JIUMHIU, W30JIMPAHU OT IApaH, OTTJICKAAH B 3¢MJICHH OaceitHu
(pubOHO-ekcriepuMeHTaNHa 6a3a B ¢. Tpu BomuiM), B CBOOOJHA aKBATOpHS Ha S30BUD ,bucTpuiia” M B CaJKOBUTE
YCTAHOBKH Ha CHIIHUs A30BHpP upe3 ra3oBa xpomarorpadus. OnennoBata Cigi1 (27,73%), nanmuturoBata Cieo (22,97
%) n muHONOBaTa C 182, -6 (13,60 %) KucenmHn mpeoOnagaBaT B Ma3HMHATA OT MECOTO Ha INapaH, OTIJICKIAH B
OaceitHa Ha c. Tpu BoJMIM, JOKATO B TPHAIMWITIHUIICPOTIOBATA (PPAKIUs, U30JIMPaHa OT MIApaH, OTIJICKAAH B SI30BUD
,,DUCTpHIIA” KOJUYECTBOTO Ha T€3W KUCENUHU € ChOTBETHO 33,97 %, 18,70 % u 23,37 %. KonudecTBOTO HAa HACUTEHUTE
Ma3HUHHU Bapupa oT 21,63% 1o 37,33 %, a Ha HEeHACUTEHUTE MAaCTHU KUCENIUHHU OT 62,67 % no 78,37 %. B nunuaute ot
iapas, OTIJICKAaH B B OaceitHa Ha ¢. Tpu BOJUIIM KOJHYECTBOTO HA MOJIMHCHACUTCHATA €HKO3aMEHTACHOBA KHCEINHA
(Co05, ®-3) € MO-BUCOKO B CpaBHEHHE C TOBA B JIMIMJIUTE HA LIapaHM, OTIVICKJAHU B APYTHTE JBE IMPOU3BOJCTBEHU
CHCTEMH.

TexHonmormaTa Ha OTIIICKIAaHE, KOSTO BKIIOYBa OCHOBHO BHAa Ha (ypaka, M3NON3BaH 3a XpaHA W BHAa Ha
HAJIMYHATE TUIAHKTOHHHW OPTaHW3MHU OKa3Ba BIMSHUE BBPXY MACTHOKHCEIWHHUS CHCTaB HA JTUMHIWTE, U30JIUPAHU OT
MECOTO Ha IIapaHH, OTIIICKIAHN B Pa3INYHH MPOU3BOJICTBECHH CUCTEMHU.
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Some physical and physico-chemical parameters of 15 different Greek cheeses were assessed. Cheeses differed
as to the origin (cow, sheep and goat), they had different texture (soft, semi-hard and hard) and they were from different
regions in Greece. The aw values in observed samples ranged from 0.799 (in semi-hard cheese Kefalotiri) to 0.889 (in
soft cheese Katiki Domokou); while the average value of water activity in the samples was 0.851. Water content of the
samples was 24.0 to 73.6 %. Dry matter in cheese thus constituted from 26.4 to 76 %. Fat content in dry matter was
from 34.27 to 62.11 %. NaCl concentration in cheeses ranged from 0.82 over 5.15 %. Colour data for the monitored
cheeses were analyzed colorimetrically and expressed by CIElab colour range as parameters L*, a*, b*.

Keywords: Greek cheese, water activity, pH, dry matter, fat, NaCl, colour.

INTRODUCTION

Cheeses include the traditional Greek foods and
their production has a long tradition and describes it
already Homer [1]. Greeks in cheese consumption
ranks third in the world (behind France and
Iceland) with a consumption of 23.4 kg per capita
per year (it is more than twice as Slovakia with 10.3
kg per capita) [2]. Greek terrain and climate
conditions are suitable for breeding sheep and goats
as well as cattle, which also contribute to the wide
variety of produced cheeses [3]. The most popular
Greek cheese is a soft white cheese feta, which is
ripened and stored in brine. According to Greek
standards [4] only pure sheep‘s milk or a mixture of
sheep‘s and goat‘s milk may be used for the feta
cheese production. (usually up to 30 % goat‘s milk
in the mixture.) It is well known that as Greek
cheese and the name of feta is included in the
register of protected denomination of origin (PDO)
of the European Union.

In general, the quality of the cheese is affected
by a number of parameters and the most primarily
evaluates the basic composition: water content, fat
content, pH, salt content and water activity. Water
in cheese plays a relevant role for the curd
consistence and the bacterial metabolism, and
consequently for the processes during cheese
ripening. The influence of the water content and the
water activity on the cheese quality is very
complex. Cheese contains beside high molecular
proteins also low molecular compounds which are

* To whom all correspondence should be sent.
E-mail: dicakova@uvm.sk, dudrikova@uvm.sk,
bystricky@uvm.sk

partly produced during ripening or as in the case of
NaCl, are added during manufacturing. The low
molecular soluble compounds (especially sodium
chloride) have the biggest influence on the water
activity in cheese [5-7].

Determining the values of water activity, pH and
salt content belong to relevant data necessary for
assessing the health safety and quality of the cheese
[8-11].

The fat content in cheese is an important
parameter, because in addition to significantly
affect the sensory quality of the cheeses [12]
involved also their thermo-physical properties
(meltability, flowability, stretchability and oiling-
off) especially in semi-hard cheese [13].

Natural colour of fattiest cow’s cheeses, and
those from cows grazed on open pasture, tend to be
yellower than cheese made from winter milk
because of beta carotene. Beta carotene is a fat-
soluble yellow pigment contained in grass. Some
cheeses made from other animals’ milk are white
because they don't store beta carotene in their fat
the way cows do, but they convert it to colourless
vitamin A [14]. One of validation criterion for milk
products made from sheep and goats’ milk can be
also colour [15, 16]. Of variations in quality may
also draw attention to changes in colour of the
cheese.

The aim of presented work was to estimate some
physical and physico-chemical properties of typical
cheeses from the other countries together with our
foreign students and to ascertain what the
differences in those properties are.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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EXPERIMENTAL

Assessed were 15 kinds of different cheeses,
which differed as to the origin (cow, sheep and
goat), they were from different regions in Greece
and had a different texture (soft, semi-hard and
hard). Cheese  samples  were  purchased
commercially in Greece in the months of October-
November 2013. Moved to Slovakia in travel
refrigerator and kept in the original packaging,
respectively, vacuum-packed till the analysis and
stored in the refrigerator at appropriate
temperatures.

The samples were determined by the value of
water activity, pH, water content (moisture), fat
content and salt concentration. Colour of cheeses
was evaluated by colorimetric method. Two
cheeses from each product were sampled, all
samples were analyzed in triplicate and results were
given as a mean value.

Water activity. Water activity of cheese was
estimated by non-destructive method using the
LabMaster-a, apparatus with electro-resistive
sensor (from Novasina, Switzerland).

For LabMaster instrument calibration set of
originally humidity standards (SAL-T 11, 33, 53,
75, 90 and 97 %) was used. Finely chopped cheese
samples were sequentially measured in duplicate in
plastic containers (10 ml) along with preheating of
the next sample. The resulting aw value, the selected
measurement temperature (25 °C) and time
measurements were read from the device LCD
display.

pH. pH values were measured with a sharp
needle Sen Tix pH-electrode (WTW, Germany)
directly in cheese. Combined glass/calomel
electrode was thoroughly calibrated with two buffer
solutions at pH 4.01 and 7.00. The measurement
was repeated consecutively using three different
test points. Between each measurement was the
electrode wiped to remove cheese, soaked in
ethanol/ether (50/50), rinsed with water and wiped.

Water content. The water content (moisture) in
cheese was determined by the method of drying to a
constant weight at 102 °C (£ 2°C) in the drying
oven UFP 500 (Memmert, Germany). Grated
cheese (5 g) (mc) was uniformly distributed at the
surface of aluminium dish containing sand (20 g)
both being dried in the oven until constant weight
(24 hours) at 102 + 2 °C (m1). The dish with cheese
were then dried and weighed in the same conditions

(m2):

Dry mater (% cheese)="2—"1 %100

C

Moisture (% cheese)=100—dry matter

Dry matter was determined in triplicate per
sample [17].

Fat content.The fat content was determined by
simple and rapid Gerber-Van Gulik method.
Method is based on the digestion of proteins and
non-fat components by concentrated sulfuric acid
and the separation of fat from the aqueous phase
after centrifugation in special glass butyrometers
(Van Gulik). In the butyrometer was charged 3.0 g
of grated cheese, than were added 3 ml of distilled
water and 10 ml of sulfuric acid (density 1522
kg.m?). The sample was dissolved in a water bath at
65 °C and 1 ml of amyl alcohol was added to aid
the separation of fat and aqueous phases. The
sample in butyrometer was homogenized by over-
rotation until complete dissolution. Finally, more
sulfuric acid was added in order to bring upper fat
layer in the measurement zone, again tempered to
65 °C for 5 minutes and centrifuged at Gerber
centrifuge for 5 minutes at 1200 rpm and 65 °C.
After centrifugation, the weight percentages of fat
present in the cheese were read on the butyrometer
scale [18].

NaCl.The amount of NaCl was determined by
Mohr argentometric method [19]. Grated cheese
(10.0 g) was stirred in the mortar with 10 mi
distillate water, transferred quantitatively into 100
ml volumetric flask and filled up to the mark.
Homogenous solution was filtered. In the titrimetric
flask was 10 ml of filtrate diluted with 30 ml water
and 1 ml of potassium chromate indicator was
added. Mixture was titrated with silver nitrate
(c = 0.1 mol/litre) till orange colour appeared. The
percentage mass fraction of sodium chloride
content was calculated from the volume of the
silver nitrate solution in millilitres according the
formula:

heet _ 585 a- f
%
(Where: a = ml of 0.1 mol/l AgNOs; f = factor of
0.1 mol/l AgNO3).

Colour. Colour selection of cheeses was
measured by colorimeter CM 410 (Konica Minolta,
USA) with C type of illumination and expressed by
rectangular CIELab colour range as 3 parameters
L*, a*, b* which can accurately characterize
various shades of colour and brightness. In the
space CIELab L* expresses the brightness values,
a* and b* are the chromaticity coordinates. L*
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Table 1. Mean value of water activity, pH and sodium chloride content in cheese.

Ne Name aw pH NaCl, %
1 Graviera from Creta 0.821 5.580 2.46
2 Mastelo from Chios 0.871 6.350 2.22
3 Ladotiri from Mytilini 0.831 5.250 2.22
4 Feta from sheep 0.869 4.403 3.63
5 Feta from goat 0.863 4.325 3.63
6 Chaloumi monastiriou 0.881 5.574 1.58
7 Chaloumi from goat and sheep 0.863 5.648 3.04
8 Tiraki Tiniako 0.858 4.355 2.63
9 Kaseri from Mitilini 0.866 5.386 2.01
10 Touloumotyri 0.871 5.565 2.46
11 Dry Mizithra from Creta 0.840 5.216 2.45
12 Pecorino Karali 0.805 5.616 4.83
13 Gaviera from Tinos 0.835 5.665 3.25
14 Kefalotiri Karali from Epirus 0.799 5.366 5.15
15 Katiki Domokou 0.889 4.317 0.82

takes the value from 0 to +100 (from black to
white). The values of a* and b* range from —60 to +
60, with —a*direction is greenish, +a* represent red
direction, —b* is the blue direction and +b* direction
is yellow. H® gives hue angle degree in CIE-LCH
colour range [20].

RESULTS AND DISCUSSION

For analyzes have been used two samples of 15
different studied Greek cheeses and each one was
estimated in triplicate. Mean values of water
activity, pH and sodium chloride are given in Table
1. Determining the values of water activity, pH and
salt content belong to relevant data necessary for
assessing the health safety and quality of the cheese.
Water activity is an important parameter in food
technology optimisation to provide microbiological,
chemical and physical stability of food. The aw
values in observed samples ranged from 0.799 (in
semi-hard cheese Kefalotiri) to 0.889 (in soft cheese
Katiki Domokou); while the average value of water

activity in the samples was 0.851. The pH of the
samples ranged from 4.317 to 6.350. NaCl
concentration in cheeses ranged from 0.82 over 5.15
%. Most of the samples (73.3 %) had salt content
between 2.0 and 4.0 %. (In two samples was higher
salt content in the two lower.) In the sample with
the lowest salt content and the highest ay value was,
in contrast, the lowest pH that just provides health
safety of product [11].

Results presenting means levels of the water
content, dry matter and fat content in the tested
samples are shown in Table 2. Water content
(moisture) in cheese ranged from 24.0 to 73.6 %.
Dry matter in cheese thus constituted from 26.4 to
76 %. Presence of fat in the samples ranged between
12.0 - 43.5 %. Also fat content in cheese dry matter
was calculated and expressed in the result table. Fat
content in dry matter was from 34.27 to 62.11 %.

Table 2. Mean values of moisture, dry mater and fat content in cheese.

. Fatindry
Ne Name Dry matter, % Moisture, % Fat, % matter. %
1 Graviera from Creta 64.2 35.8 22.0 34.27
2 Mastelo from Chios 61.6 38.4 32.0 51.95
3 Ladotiri from Mytilini 76.0 24.0 435 57.24
4 Feta from sheep 48.4 51.6 25.0 51.65
5 Feta from goat 48.4 51.6 30.0 61.98
6 Chaloumi monastiriou 58.8 41.2 28.0 47.62
7 Chaloumi from goat and sheep 56.2 43.8 27.0 48.04
8 Tiraki Tiniako 62.6 37.4 375 59.90
9 Kaseri from Mitilini 62.0 38.0 30.5 49.19
10  Touloumotyri 56.8 43.2 315 55.46
11 Dry Mizithra from Creta 64.4 35.6 40.0 62.11
12 Pecorino Karali 65.0 35.0 315 48.46
13 Gaviera from Tinos 66.0 34.0 30.0 45.45
14 Kefalotiri Karali from Epirus 66.2 33.8 325 49.09
15 Katiki Domokou 26.4 73.6 12.0 45.45
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Table 3. Colour parameters of inner parts in assessed cheese samples.

No Name L* a* b* AL H°

1 Graviera from Creta 80.01 -3.46 30.67 0.41 96.44
2 Mastelo from Chios 87.21 -3.71 18.74 0.02 101.20
3 Ladotiri from Mytilini 87.61 -5.76 28.67 0.21 101.36
4 Feta from sheep 91.34 -2.44 14.47 0.32 99.57
5 Feta from goat 94.08 -2.50 11.91 0.25 101.86
6 Chaloumi monastiriou 90.93 -4.09 25.63 0.12 99.07
7 Chaloumi from goat and sheep 88.74 -2.77 18.28 0.08 98.62
8 Tiraki Tiniako 92.76 -1.86 18.79 0.06 95.65
9 Kaseri from Mitilini 79.87 -3.19 25.16 0.25 97.23
10  Touloumotyri 92.36 -4.21 17.23 0.21 102.73
11 Dry Mizithra from Creta 82.45 -2.83 24.06 0.43 96.71
12  Pecorino Karali 84.87 -3.77 22.21 0.39 99.63
13 Gaviera from Tinos 82.27 -1.75 21.72 0.13 94.61
14  Kefalotiri Karali from Epirus 87.57 -1.55 13.63 0.06 96.47
15  Katiki Domokou 93.95 -3.75 14.88 1.64 104.15

The colour characteristics of all samples were

monitored in the inner part of cheeses. Mean L*,
a*, b* parameters of the cheeses are presented in
Table 3. Colour of cheese depends on type of used
milk and fat content. L* parameter values ranged in
79.87 - 94.08. Standard deviations (AL) ranged in
individual samples in 0.02 - 1.64. Intensity of
greenish was expressed in a* values from -5.76 to -
1.55. Values of the parameter b*, which reflects the
intensity of the yellow colour in assessed cheeses is
ranged in 11.91- 30.67. Hue angle degree H°
ranged in 94.61- 104.15. The measured results can
be used when comparing different technologies in
cheese production or innovation as it was used, for
example by Clareto et al. for comparing cheeses in
which the fat was partially substituted with other
ingredients [21]. The colour of the cheese surface
and of the cheese inner parts is usually
characteristic. During cheese ripening L*, a*, b*
values did not change significantly [22].
When comparing the measured results with our
other work in which we analyzed various Slovak
cheeses it can be concluded, that most different
were water activities. Greek cheeses aw value were
generally lower compared with similar Slovak
cheese samples [23]. The aim of presented work
was to estimate some physical and physico-
chemical properties of typical cheeses from the
other countries together with our foreign students
and to ascertain what the differences in those
properties are. The first work of this group is now
presented, which is dedicated to the most important
and specific Greek cheese.

Different 15 kinds of Greek cheese samples
were determined by the value of water activity, pH,

water content (moisture), fat content and salt
concentration. Colour of cheeses was evaluated by
colorimetric method. Each determination was
carried out in triplicates and results were given as a
mean value.

When comparing the measured results with our
other work in which we analyzed various Slovak
cheeses it can be concluded, that most different
were water activities. Greek cheeses aw value were
generally lower compared with similar Slovak
cheese samples.
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OU3NYHU U OU3NKOXNUMWYHU ITAPAMETPU HA T'PBIIK CUPEHA

M. Kacanuan, 3. [luuakosa’, E. [lyapuxosa*®, I1. Buctpuuxu”

Yuusepcumem no eemepunapna meduyuna u papmayus, Kamedpa no xueuena u xpanumenna mexnonioaus,
041 81 Kowuye, Cnosaxust

IMoctbnuina Ha 15 aBryct, 2014 r.; npuera Ha 25 nexemspy, 2014 r.

(Pestome)

OueHenn Osixa HAKOM (U3UYHM W (PU3MKO-XMMHUYHHM MapaMeTpd Ha 15 pasivvHd BHOA TPHLKUA CHPEHA.
Cupenara ce pa3iuuaBaxa 1o npousxoj (KpaBe, OBUe M KO3€), Te CE XapaKTepu3upaxa ¢ pasjindyHa TeKCcTypa (Meko,
MOJIY-TBBP/IO U TBBPJO) U OsiXa OT pa3iuuHu paiioHu Ha ['bpius. CTOHHOCTHTE HA BOJHATA AKTUBHOCT B M3CIIC/[BAHUTE
o0pasmu Bapupamre ot 0,977 (B momyTtBepaoTo cupere Kedamorupn) xo 0,889 (B mexoto cupene Katuku J[omokoy), a
CpefiHaTa CTOMHOCT Ha BOJAHATA aKTHMBHOCT B oOpasimte Oemie 0,851. BoaHoTo chabpxkanue Ha obpasiure Oeie OT
24,0 no 73,6 %. Taka cyxoTO ChIbpKaHUE ChCTABIIsIBA OT 26.4 10 76 %. MacineHoTo chabpxkaHue B cyxaTa ¢a3za Oere
ot 34,27 no 62,11 %. Ceabpikanurero Ha NaCl Bapupamie ot 0,82 mo 5,15 %. llBeTHuTe JaHHU 32 HAOIOIaBaHUTE
cupeHa 0sXxa aHaM3UpaHy upe3 Kojopumerpus u uspasenu B CIElab userna cucrema upes mapamerpure L*, a*, b*.
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Tocopherol composition of lipid in the carp (Cyprinus Carpio L.) grown in different
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Tocopherol composition of lipids isolated from carp meat grown in different production systems was investigated by
HPLC with fluorescence detection. The total quantity of tocopherols was found to be between 70 - 430 mg/kg. a-
Tocopherol predominates in the lipids of carp breeding in earthen ponds (Fish-Farming Experimental Facility in Tri
voditsi village-pond No 10; Fish-Farming “Tundzha 79” Ltd - pond No 4 and No 5), in free aquatic environment of
Tzarimir 1 reservoir, Tzarimir 2 reservoir, “40 springs” reservoir, Bistritsa reservoir and in net-cages farm situated in
the Bistritsa reservoir and in net-cages farm situated in the Kardzhali reservoir. In lipids from carps grown in Bistritsa
reservoir and in net-cages situated in the same reservoir a significant amount of y-tocopherol (65.0% and 38.0%
respectively) was established. & - Tocopherol was detected only in lipids from carp grown in earth pond of Fish-
Farming Experimental Facility in Tri voditsi village while B - tocopherol was found in lipids from carp of the Bistritsa

reservoir and net-cages situated in the same reservoir.

Keywords: Cyprinus carpio L.; fat soluble vitamins; tocopherols, HPLC

INTRODUCTION

The interest in the commercial fish species,
subject of the fresh water aquaculture, is
determined by their nourishment significance as
protein food for people, as well as by the content of
the full complex of essential amino acids, fatty
acids, vitamins, macro and microelements in their
meat. Fish fat is a main supplier of considerable
guantities of important for the human organism
vitamins, i.e. A, D, E, B1, B2, B, niacin (PP),
which are involved in important processes in the
human organism.

The lack of enough scientific information about
the composition and content of tocopherols in the
fats of the carp fish is the reason for this research.
Thanks to its antioxidant properties, vitamin E
prevents the development of atherosclerosis® and
the destruction of erythrocytes, and provides the
free inflow of oxygen into all cells of the human
organism. The biologically active isomer of vitamin
E - a-tocopherol acts as antioxidant protection of
the membrane structures against to oxidation [2,3].
According to Bramley et al.[1] the antioxidant
stability of vitamin E is due to the phenol hydroxyl
group and the number of methyl groups of the
aromatic ring. Among all isomers and analogues a-

* To whom all correspondence should be sent.
E-mail: ginant@uni-plovdiv.bg

tocopherol is characterized with greatest biological
activity [2].

In relation to the said by far, the purpose of this
research is to determine the quantitative and
qualitative composition of tocopherols of fats in the
carp (Cyprinus carpio L.), grown in different
production systems.

EXPERIMENTAL

The quantitative and individual tocopherol
composition of fish fat in scaly carp (Cyprinus
carpio L.) of market size bred in nine production
systems, with different level of intensity and
feeding, which characteristics are presented on
Tablel is studied.

During the investigation in the period May-
October ~ 2012-2013  the  physicochemical
characteristics of the aquatic environment are
recorded on monthly intervals. The measured water
temperature, pH and concentration of dissolved
oxygen were within the technological norms for
carp ponds ensuring proper gowning conditions.

For the purposes of the study a representative
number of fishes are taken at random principle of
selection [3], from each production system,
whereas the total processed number consists of 45
samples. The individual samples subject to analysis
are

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Table 1. Characteristics of investigation production systems

Investigation production systems

oot o |
systems Earthen ponds -Fish -Farming Reservoirs - free aquatory snuated_ in
reservolirs
Tri voditsi ,,Tundzha , Tundzha "Bistritsa"  “Tzarimir “Tzari- “40 "Bistritsa",, Kardzhali ”
Sites pond 79" 79" 1 mir 2~  springs”
No 10 pond No 4 pond No5
Area, dka 45 750 200 204 500 40 489 80 156
Volume, m3 58 500 1125000 300000 714000 1250000 80000 320000 936000
Depth, m 1.3 15 15 25 2.0 4.0 6.0
Degree of Semi- Intensive Intensive Semi- Semi-  Intensi- Extensi-  Intensi-  Intensive
technology intensive carp carp rearing  intensive intensive vecarp vecarp  vecarp carp
intensification carp rearing carp carp rearing  rearing  rearing rearing
rearing rearing rearing
Feeds for fish Sunflower Extruded Pelleted Extruded Extruded Extru-  No feed Extru- Pelleted
feedin groats and feed feed feed and feed and ded ded feed feed
9 grain grain grain feed

prepared from the muscular tissue (lateral muscle)
of the fish, from one and the same location by
separating the skin with the subcutaneous fat and
subsequent grinding and homogenization (meat).

The fat content of the fish was determined
according to a Schmid-Bondzynski-Ratzlaff
method [5]. Tocopherols were determined directly
in the oil by high performance liquid
chromatography (HPLC) on a Merck-Hitachi
(Merck, Darmstadt, Germany) instrument equipped
with 250 mm x 4 mm Nucleosil Si 50-5 column
(Merck, Darmstadt, Germany) and fluorescent
detector Merck-Hitachi F 1000. The operating
conditions were as follows: mobile phase of n-
hexane:dioxan (96:4, v/v), flow rate 1.0 mL/min,
excitation 290 nm, emission 330 nm [6]. 20 uL 1%
solution of oil in hexane were injected. The
individual  tocopherols were identified by
comparing the retention times with those of
standards (reference individual pure tocopherols —
DL-a-, DL-B-, DL-y- and DL-6-tocopherol with
purity >98%) purchased from Merck (Darmstadt,
Germany). The content of tocopherols in the oils
were calculated by comparing the peak areas
obtained for the relevant tocopherol in the sample
with those obtained for the standard solutions with
known concentrations.

RESULTS AND DISCUSSION

The content of lipids in the tested carp fish from
different production systems varies from 0.67%
(pond No 5 in Fish-Farming “Tundzha 79”) to
8.25% (net - cages farm situated in the Bistritsa
reservoir) (Table 2). It can be seen that the fat
content in the carp fish bred in floating net cages
and in dams is higher than that of the carp fish bred
in ponds. The obtained results about the fat content
of the carp are similar to the data published in
earlier researches (3.08 — 6.76%) [7-10], whereas in
literature sources there are quoted even higher
values for the total lipid content of the carp fish
(12.74g/100g) [11].

The average values of the reported quantity of
tocopherols (Table 2) in carp fish fat vary
significantly from 70 mg/kg (Tzarimir 1 reservoir)
to 430 mg/kg (Fish-Farm “Tundzha 79” — pond No
5). The comparison of the data that we have
obtained with such by other authors [12,13]
indicates that the carp fish fat contains considerably
higher quantity of tocopherols, compared to other
fish species, both sea and fresh water.

Table 2. Average weight, fats and tocopherols of fat in the carp

Investigation production systems

Earthen ponds- Fish -Farming

Net-cages farm

Reservoirs - free aguatory situated in reservoirs

Parameters Tri , Tundzha ,Tundzha  "Bistritsa" “Tzari- "Tzari- “40 "Bistritsa" ,, Kardzhali ”
voditsi 79” 79” mir 1” mir 2”7 springs”
pond pond No 4 pond
No 10 No5
Weight, g 1159 989 1206 909 1469 2217 505 810 1533
Fats, % 0.74 1.03 0.67 245 5.43 5.10 1.03 8.25 5.03
Tocopherols, 149 227 430 70 103 281 98 196

mg/kg

74



G.A. Antovaet al.: Fatty acid composition of lipids in the carp...

Table 3. Tocopherol composition of lipids in the carp meat
Investigation production systems

Net-cages farm

Tocophe Earthen ponds —Fish -Farming Reservoirs - free aquatory situated in reservoirs
rols, % "~ Tri voditsi , Tundzha ,,Tundzha "Bistritsa"  “'Tzari- "Tzari- “40  "Bistritsa" ,,Kardzhali”
pond No 79”7 79”7 mir 1” mir 2”  springs”
10 pond No 4 pond No5
o-T 73.7 100.0 96.2 27.0 95.4 84.7 91.4 50.6 99.0
B-T - - 8.0 - - - 11.4 -
v-T 10.2 - 3.8 65.0 4.6 15.3 8.6 38.0 1.0
6-T 16.1 - - - - - - - -

Legend: o-T — a- Tocopherol; B-T — B-Tocopherol; y-T — y- Tocopherol; 3-T — 8- Tocopherol

Stancheva et al.[12] inform that the vitamin E
content in pike perch is about 0.5 mg/100g, while in
herring is respectively 0.76 mg/100g. Stancheva et
al.[13] provide values about the content of
tocopherols in sprat fish and gobies about 284.85 +
44.50 pg/100g, while for the rainbow trout 809.1
ug/100g. According Merdzhanova et al.[8] vitamin
E content in bighead carp fillets is 1097.03+44.06
ug.100g'ww during the spring and 1051.80+37.11
ug.100gww during the autumn.

The recorded quantities of tocopherols in the
carp fish fat ranging 103 - 430 mg/kg for some
production systems give us the grounds to define
this fish as a good source of vitamin E.

The content of the indentified classes of
tocopherols (a-, B-, y- u 8- tocopherol) is shown in
Table 3.

In the tested production systems a-tocopherol
varies from 27.0 % (free aquatory of Bistritsa
reservoir) to 100% (Fish-Farming “Tundzha 79” -
pond No 4). Content of - tocopherol is found out
only in the samples of fish fat from the free
aquatory of Bistritsa reservoir, and net -cages
situated in the same reservoir, with quantities from
8.0 % to 11.4 %. Presence of y-tocopherol is found
to be in all the studied production systems, with the
exception of Fish-Farming “Tundzha 79”, pond No
4. The quantity of y- tocopherol varies from 1.0 %
(net cages situated in the Kardzhali reservoir) to
65.0 % (free aquatory of Bistritsa reservoir). 6-
Tocopherol was detected only in the lipids of carp
fish bred in earth type pond No 10 of Fish-Farming
Experimental Facility in Tri voditsi (16.1%).

The analysis of the data shows that the carp fish
fats contain predominantly a-tocopherol and -
tocopherol. In the seven of the researched fisheries
(earthen ponds of Fish-Farming Experimental
Facility in Tri voditsi and in Fish-Fatming
“Tundzha 79”; Tzarimir 1 reservoir, Tzarimir 2
reservoir, ,,40 springs” reservoir; net cages in
Kardzhali reservoir) a-tocopherol was detected in

quantity over 70% of their total content. This shows
that the studied fish fat is predominated by the
biologically active a- tocopherol, so therefore the
fish oil obtained from these fisheries may be
classified as a- type. The carp fish lipids, isolated
from the fish bred in free aquatory of Bistritsa
reservoir are predominated by vy- tocopherol
(65.0%) so the oail is classified as y- type. In the
carp fish lipids from fish bred in net cages situated
in the same reservoir - the quantity of a-tocopherol
is 50.6%, while of y- tocopherol is 38.0%.

CONCLUSION

It has been found out that the carp fish fat is
dominated by the contents of a-tocopherol and v-
tocopherol. For seven of the studied fisheries
(earthen ponds of Fish-Farming Experimental
Facility in Tri voditsi and in Fish-Fatming
“Tundzha 79”; Tzarimir 1 reservoir, Tzarimir 2
reservoir, ,,40 springs” reservoir; net cages in
Kardzhali reservoir) a-tocopherol comprise of over
70% of their total content.

The recorded quantities of tocopherols in the
carp fish fat is within the range 103 - 430 mg/kg so
it can be defined as good source of vitamin E for
the human organism.

Acknowledgment. We are grateful to the Fish-
Farming “Aqua Krami” Ltd., Fish-Farming
“Tundzha 79" Ltd. and net-cage farm “Aqua fish”
Ltd., Kardzhali for their assistance in carrying out
this study.

REFERENCES

1. P. M. Bramley, . EImadfa, A. Kafatos, F. J. Kelly, Y.
Manios, H. E. Roxborough, W. Schuch, P. J. A.
Sheehy, K. H. Wagner, J. Sci. Food Agric. 80, 913-
938 (2000).

2. E. Niki, in: Handbook of Antioxidants, E. Cadenas, L.
Packer (eds.), Marcel Dekker, New York, 1996, pp
3-25.

3. J. Anderson, L. Young, Food and Nutrition series,
Colorado State University, 9, 315 (2008).

75



G.A. Antovaet al.: Fatty acid composition of lipids in the carp...

4. G. W. Snedecor, W.G. Cochran, Statistical Methods.
6. Ed. Ames, The lowa State University Press,
Biometry, 1967, p. 593.

5. Analytic methods, Fat Acidic Hydrolysis, Kartotek for
kjemiske stoffer, Forlaget VITA-DATA A/S 2™
edn. 1991.

6. 1ISO 9936:2006. Animal and vegetable fats and oils.
Determination of tocopherols and tocotrienols
contents. Method using high-performance liquid
chromatography, p. 17, (2006).

7. L. Hadjinikolova, Journal of Animal Science, XL, 69,

(2004).
8. A. Merdzhanova, D. Dobreva, M. Stancheva, Plovdiv
University ,, Paisii  Hilendarski“ — Bulgaria,

Scientific Papers, Chemistry, 38, 221 (2011).

9. G. Vujkovic, D. Karlovic, A. Vujkovic, |I.
Vorosbaranyi, B. Jovanovic, J. Amer. Oil Chem.
Soc., 76, 475 (1999).

10. L. Hadjinikolova, L. Nikolova, A. Stoeva, Bulgarian
J. Agric. Sci., 14, 127 (2008).

11. M. Stancheva, A. Merdzhanova, Agric. Sci. Technol.
3, 285 (2011).

12. M. Stancheva, D. Dobreva, A. Merdzhanova, B.
Galunska, Plovdiv University ,, Paisii Hilendarski* —
Bulgaria Scientific Papers, Chemistry, 36, 45,
(2008).

13. M. Stancheva, D. Dobreva, A. Merdzhanova, B.
Galunska, Plovdiv University ,, Paisii Hilendarski“ —
Bulgaria Scientific Papers, Chemistry, 37, 117
(2010).

TOKO®EPOJIOB CbCTAB HA JIMITUAW OT IHAPAH (CYPRINUS CARPIO L.)
OTTJIEXXIAH B PA3JIMYHU ITPONU3BOACTBEHU CUCTEMU

I'.A. Anurosa'”, A.C. UBanosa?, M.I1. Anrenosa — Pomosa?, JI.JI. HajokuHIKOIOBA?
YTrnoeouscku Yuueepcumem ,, [laucuti Xunenoapcku”, Kameopa Xumuuna mexnonozus
ya. Lap Acen, 24, 4000 I1nosous
2Uncmumym no pubapcmeo u axéaxynmypu, yi.Bacun Jleecku, 248, 4003-ITnoedus

Tloctbnna Ha 24 centemBpu, 2014 r.; mpueta Ha 25 nexemBpy, 2014 2.
(Pestome)

HW3cnenpan e TOKOQEpOIOBHS ChCTaB Ha JIUIHAN, H30JIUpaHu oT Meco Ha mapad (Cyprinus Carpio L.), otriexaas B
pa3IMuHK MPOU3BOJCTBEHU CHUCTEMH 4pe3 BHCOKOS(EKTUBHA TEUHO-TeYHa Xpomarorpadus. OOIIOTO ChAbp)KaHUE Ha
ToKO(EpOIH B JMIHUANTE, U30JUPAHU OT mapanute Bapupa ot 70 mo 430 mg/kg. o- TokobeporbT HOMHHHpa B
JUIUANTE OT IIapaH, OTIJIEek/IaH B 3€MHUTE OaceiiHM Ha puOHO-eKcrepuMeHTanHarta 6asza B ¢. Tpu Boamim, Gacein
Nel0, puboBBIHO cTOmaHCTBO ,, TyHmIKA 79, Oaceitan Ned u Ne5; s3oBupw ,,Hapmmup 17, ,,llapumup 2” u s3oBup ,,40
M3BOpa”, KaKTO U B CAJKOBHUTE YCTAaHOBKHM Ha 5130BUp ,.buctpuua” u szosup ,.Kepmxanu”. B nunuaure OT 1wapa,
OTIJIeKAaH B SI30BHp ,.bUcTpuIa” M B CaKUTe Ha CHIIUS SA30BHP € YCTAHOBCHO 3HAYMTENHO KOJMYECTBO Ha Y-
Tokodeporn (65,0% u 38,0% cwrorBeTrHO). & — ToKO(pepon € ycTaHOBEH caMO B JIMIMIWTE OT IIApaH, OTIJIEXIaH B
Oaceiin Ne 10 Ha puOHO-excriepuMeHTanHaTa 0a3a B ¢. Tpu Boxunu, a B — TOKOQepos € yCTAaHOBEH B JIMITUIUTE Ha
1apa, OTIJISKIaH B I30BHP ,,bucTpuna” u B caikuTe Ha CHIIHA SA30BUP.
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Some plants contain functional compounds with antimicrobial activity. Phenols, polyphenols, micronutrients
and essential oils belong to them. These bioactive compounds can be used against pathogenic and food spoilage
bacteria. Thyme essential oil belongs to the plant material with a powerful antimicrobial activity. The aim of the study
was to test the antimicrobial effect of thyme essential oil and polyethylene foil, which is coated with partially water
soluble polymeric film containing encapsulated thyme essential oil on selected microorganisms with or without direct
contact. Escherichia coli, Candida tropicalis and Penicillium chrysogenum were used for testing. It was ascertained the
impact of encapsulated and non-encapsulated thyme essential oil on tested microorganisms.

Keywords: Thyme, Essential Oil, Encapsulated Essential Oil, Polyethylene Foil, Antimicrobial Activity

Abbreviations: EO — essential oil

INTRODUCTION

Some plants are rich in functional compounds as
phenols, polyphenols, micronutrients or essential
oils [1]. Different biological activities (as
antioxidant, antifungal and antibacterial activities)
were demonstrated for these compounds. Phenols
influence  enzyme activity, cause protein
denaturation and cell membrane damages of its
function or structure, which lead to loss of
macromolecules [2]. Polyphenolic compounds have
strong antimicrobial activity, which consist in
modification of the morphology and disruption of
the cell wall. Other phenolic compounds can
stimulate DNA degradation [3].

Thyme (Thymus vulgaris, L.) belongs to plants
with strong antimicrobial activity. The majority of
Thymus oils are characterized by their rich content
of monoterpenes, in particular the phenolic
compounds thymol and its isomer carvacrol,
accompanied by a range of other more or less
biologically active compounds, including eugenol,
p-cymen, y-terpinen, a-pinen, linalool, geraniol and
borneol [4,5]. Antimicrobial activity of thyme
essential oil was demonstrated in a lot of studies.
Thyme suppresses growth of Bacillus cereus,
Bacillus  subtilis,  Staphylococcus  aureus,

* To whom all correspondence should be sent.
E-mail: Lenka.Dostalova@mendelu.cz,
zdenka.psenickova@synpo.cz

Salmonella typhimurium, Listeria monocytogenes,
Escherichia coli and Candida sp. [5,6]. Thyme
essential oil has significant colicid and colistatic
properties and damages irreversible the E. coli
0157:H7 cells within one minute [1,7].

In this study, the antimicrobial effect of
encapsulated and non-encapsulated essential oil
was tested against selected bacterium, yeast and
mould.

EXPERIMENTAL

Microorganisms, which were used for analyses,
were Escherichia coli CCM 7929, Candida
tropicalis CCM 8223 and Penicillium chrysogenum
CCM 8034. 24 hours culture of E. coli, which was
cultivated in TSB (Biokar Diagnostics, France) at
37 °C, was centrifuged (20 min., 3000 rpm), rinsed
with saline and once more centrifuged (20 min.,
3000 rpm). Asolution of density 1 McF was
prepared, which was diluted to density 0.1 McF. 72
hours culture of Candida tropicalis and 120 hours
culture of Penicillium chrysogenum, which were
cultivated on Chloramphenicol Glucose Agar
(Biokar Diagnostics, France) at 25 °C, were
transferred into wells with sterile saline and
carefully mixed. Then the solution of density 1
McF was prepared. Solution was diluted to density
0.1 McF.

Sliced cheese (Albert Quality 30 % TVS) was
used for analyses with non-encapsulated thyme

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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essential oil. One slice was divided into quarters,
which were placed in Petri dishes and exposed to
UV radiation for 45 minutes. Non-encapsulated
thyme essential oil (Manipura, Czech Republic)
was used undiluted (concentration 1) and diluted by
adding 6 pl into 1 ml of methanol (concentration 2).
The sterile paper disc (diameter 9 mm) was
saturated with 30 pl of essential oil of appropriate
concentration. Disc saturated with methanol was
used as a control.

Polyethylene foil, which is coated with partially
water  soluble  polymeric  film  containing
encapsulated thyme essential oil, was used for
analyses with encapsulated thyme EO. Samples of
this foil with different concentration of EO
(variants 1 — 5) were divided into 2x2 cm squares
and exposed to UV radiation for 45 minutes.
Concentrations of EO are stated in Table 1.

Table 1 Concentration of thyme EO on polyethylene foil

Variant Weight, %
1 16
2 3.5
3 5.8
4 8.6
5 10.3

Volume 0.1 ml of microbial culture of density
0.1 McF was inoculated on VRBL Agar (E. coli),
on Chloramphenicol Glucose Agar (C. tropicalis,
P. chrysogenum) or on cheese. Squares of tested
foil or discs with EO were attached on the inside
part of lids of Petri dishes by double-faced tape. In
the second variant, squares of foil were placed
directly on the surface of nutrient medium. All
these variants were prepared in triplicate. Petri
dishes were incubated at 37 °C for 24 hours
(E. coali), at 25 °C for 24 (C. tropicalis) or 48 hours

(P. chrysogenum). After cultivation, the diameters
of inhibitory zones were evaluated with a ruler.

RESULTS

There are not any visible changes after 24 hours
on slices of cheese when testing thyme essential oil
efficacy against E. coli. Any zones of inhibition
were not observed in Petri dishes with foil without
direct contact. In the case of C.tropicalis and
P. chrysogenum, there were not created clear zones
of inhibition. The evaluation was therefore reduced
on appraisal of growth of yeasts or moulds on the
whole cheese surface. Average sizes of diameters
of inhibitory zones or intensity of microbial growth
are shown in Tables 2, 3 and 4.

Concentrated essential oil had considerable
inhibitory effect on E. coli on nutrient medium.
Encapsulated essential oil was effective at all
concentrations with increasing tendency with
increasing concentration.

Candida tropicalis was inhibited almost by all
EO concentrations in all variants of experiment.
Variants of foil 1 and 2 were the exceptions, where
there was no reduction in growth of C. tropicalis. It
was observed an increase in diameters of inhibitory
zones or in growth intensity with increasing
concentration of essential oil.

Non-encapsulated EO was effective in
concentrated form, diluted EO showed no
antifungal activity on cheese surface. On nutrient
medium, there was significant difference between
efficacy of diluted and concentrated EO.
Encapsulated EO  inhibited  growth  of
P. chrysogenum by direct contact in all variants.
Essential oil without direct contact suppressed
growth of Penicillium only in variants 4 and 5, so
only at higher concentrations.

Table 2. Impact of thyme EO on E. coli

. Culture Diameter
Sample EO Encapsulation Medium [mm]
1 conc. _ 24.67
2 Diluted No Negiom 0.00
Medium
3 Control 0.00
4 V.1 24.33
: V.2 Nutrient 30.00
6 V.3 Yes medium 36.67
Direct
. V.4 contact 50.00
8 V.5 48.33

V.1-V.5 - Variants of polyethylene foil with various concentrations of thyme EO

Conc. — Concentrated EO

Diameter — Average size of the identified zones of inhibition
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Table 3. Impact of thyme EO on C. tropicalis

Sample EO Encapsulation ﬁggﬁi G[r)?;v::; tlenrtfrr:lsrlr:{ /
9 Conc. +
10 Diluted No Cheese ++
11 Control +++
12 Conc. ) 38.33
13 Diluted No ,'\\'A‘égl'ﬁx 10.00
14 Control 0.00
15 V.1 20.00
16 V.2 Nutrient 23.67
17 V.3 Yes M;‘:é‘é? 30.00
18 V.4 Contact 35.00
19 V.5 35.33
20 V.1 Nutrient 0.00
21 V.2 Medium 0.00
22 V.3 Yes Without 10.67
23 V.4 Direct 35.00
24 V.5 Contact 36.67
+ Low growth intensity
++ Medium growth intensity
+++ High growth intensity
Table 4. Impact of thyme EO on P. chrysogenum
Sample EO Encapsulation &%E?Jﬁq Sir;r\:qv;?er [mlnr:]tensny /
25 Conc. +
26 Diluted No Cheese +++
27 Control +++
28 Conc. Nutri 53.33
29 Diluted No vl 18.33
30 Control 0.00
31 V.1 20.00
32 V.2 Nutrient 20.00
33 V.3 Yes '\’I'Del‘:é‘é?‘ 20.00
34 V.4 Contact 27.67
35 V.5 26.00
36 V-1 Nutrient 0.00
37 V.2 Medium 0.00
38 V.3 Yes Without 0.00
39 V.4 Direct 20.00
40 V.5 Contact 20.00
DISCUSSION [5,8,9]. Non-encapsulated EO was more effective

Susceptibility of tested microorganisms was
dissimilar. In experiment with cheese, C. tropicalis
was inhibited by EO at most. Reduce in growth was
observed even by application of diluted essential
oil. Important antifungal activity was proved in

when microorganisms were cultivated on nutrient
medium than on cheese. In this case, bigger zones
of inhibition were observed. P. chrysogenum was
the most susceptible; E. coli was inhibited at least.
All the tested microorganisms were suppressed by
encapsulated EO. The greatest diameters of
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inhibitory zones were detected in direct contact of
encapsulated essential oil with microorganisms. E.
coli was the most susceptible to the direct contact
with EO, inhibition zones measured from 22 to 50
mm. Burt and Reinders (2003) [7] and Imelouane et
al. (2009) [10] ascertained that thyme inhibits wide
range of microorganisms, including E. coli. P.
chrysogenum was not so much repressed. Inhibition
zones were from 20 to 30 mm. Encapsulated EO
without direct contact was less effective.
Antimicrobial activity was not proved against E.
coli, there were no inhibitory zones. P.
chrysogenum was susceptible to EO effects only at
higher concentrations (variant 4 and 5). Size of
inhibitory zone was 20 mm at both concentrations.
C. tropicalis was susceptible to EO at variants 3, 4
and 5.
CONCLUSIONS

Thyme EO repressed all the tested
microorganisms with different potency. Undiluted
essential oil was naturally more effective than
diluted EO, but even diluted EO inhibited visibly
some tested microorganisms. Encapsulated EO had
more considerable activity in direct contact with
nutrient medium. The present results indicate that
thyme has provable antimicrobial activity and could
be used for repression of undesirable
microorganisms and their elimination from food.
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AHTUMUKPOBUAJIEH EQEKT HA MHKAIICYJIMPAHO 1 HE-UHKAIICYJIMPAHO
ETEPUYHO MACIJIO OT MAIIIEPKA

JI.- Nocranosa'”, JI. Kanxotka?, JI. JlerBanosal, 3. ITmennukosa? *

Kameopa no azpoxumus, nousosnanue, Muxpobuono2us u pacmumeno xpauene, 613 00, Bvpro, Yewixa Penybnuxa
2CHHIIO, Heymana 1316, 532 07, Ilapoybuye, Yewxa Penybruxa

Tloctenmna Ha 28 aBrycr, 2014 r.; npuera Ha 10 gexemspu, 2014 1.

(Pe3srome)

Hsikon pacTeHust ChABPXKAT (DYHKIHOHATHA KOMIIOHEHTH C aHTUMHKpPOOHMANHA akTHBHOCT. KbM Tsax cmamgar
(benomu, monueHOIU, MUKPOETEMEHTH U €TEPUYHU Maciia. BHOAKTUBHUTE KOMIIOHEHTH MOTAT Jia C€ M3MOJI3BaT CPEIly
MaTOreHu W OAKTEpHH, KOUTO BOJAT 10 pa3BajsiHE Ha XpaHara. ETEpUYHOTO MAacio OT Mallepka MPHHAMICKH KbM
pacTUTEIHUTE TPOAYKTH ChC CHIIHA AHTUMHKpoOWanHa aktuBHOCT. llenta Ha pabGorata Oeme ga ce TecTBa
AHTUMHUKPOOHATHATA AKTUBHOCT Ha €TEPUYHO MACJI0O OT MAIlepKa W TOJHETHICHOBO (OJIHO, KOETO € MOKPHUTO C
YaCTHYHO BOJOPA3TBOPUM TIONMMEPEH (UIM, ChIABPIKAIl WHKAICYIMPAaHO ETEPUYHO MAacClio OT Mallepka, BbpXY
MOAOpaHN MHKPOOPTaHW3MH TNpH W 0e3 JUPEKTeH KOHTAKT. 3a TEeCTBAHETO OsXa M3MON3BAaHM EUPHXHA KOJIH
(Escherichia coli), Kaumuma tpomukanuc (Candida tropicalis) u Ilenunmnuym xpucorenuym (Penicillium
chrysogenum). KoHcTaTipaHo € BB3ICHCTBHETO HA HHKATICYIMPAHO U HEMHKATICYJIMPAHO €TEPUYHO MAacClo OT Mallepka
BBPXY TECTBAHUTE MUKPOOPTAHU3MH.
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Sodium chloride is traditionally added to cheeses as a preservative and to improve flavor. Physicochemical
analysis (sodium chloride, dry matter, fat, proteins, ash, pH and titratable acidity), textural analysis (hardness,
adhesiveness, springiness, fracturability, chewiness, gumminess and cohesiveness) and sensorial properties (appearance
and color, body and texture, flavor and acceptability) of Telemea cheese samples were investigated during 28 days of
ripening. The reduction of sodium chloride had significant influence on cheese hardness, adhesiveness, springiness and
gumminess but did not affect the sensorial characteristics of Telemea cheese.

Keywords. Telemea, sodium chloride, sea salt, texture profile analysis.

INTRODUCTION

Nowadays, health authorities recommend
decreasing progressively salt content in food
products, because an excessive sodium intake may
be a cause of pathology. The main sodium source is
the sodium chloride (salt) added during food
processes or preparation of meals [1]. Salting is an
important step in producing cheese, since it
determines sensorial properties such as flavour,
texture and colour, in addition to modifying
microbial activity and producing physical changes
in the proteins [2]. Texture is one of the most
important characteristics of cheese that determines
identity and acceptability. With this property the
consumer first identifies and judges the specific
variety. The textures of the various types of cheese
are clearly very different, but factors that determine
changes in texture are basically the same, since the
components are the same for all cheese varieties.
Only the proportions of the components differ. All
the components of a cheese-protein, fat and water
(brine) — affect its rheological behavior and
therefore its textural properties [3]. Telemea cheese
is a white-brined cheese, representing a category of
cheeses that owe their characters primarily to a
strong acidity and a high salt content. It originated
in Romania and spread to other Balkan countries
(e.g. Greece, Bulgaria, Turkey) [4]. In the present
study, the effect of sodium chloride reduction on
the textural and sensorial characteristics of cow

* To whom all correspondence should be sent.
E-mail: dmocanu@ugal.ro
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milk Telemea cheese during
investigated.

ripening was

EXPERIMENTAL
Materials

Fresh, cow milk (= 20 L) for Telemea cheese
production was purchased from a dairy factory
from Galati, Romania. The
CHOOZITMT1LYO10DC1 - starter culture
(Danisco EZAL, France) was used to acidify the
milk. This starter consists of: Lactococcus lactis
subsp. lactis, Lactococcus lactis subsp. cremoris,
Streptococcus thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus. As coagulant, it was
used Fromase — Chr. Hansen 22000TL from
Rhizomucor miehei with coagulation power
Pc = 1:150.000. Calcium chloride was obtained
from Chimcomplex S. A. (Bacau, Romania).
Sodium chloride and sea salt were purchased from
a local supermarket in Galati (Romania).

Cheese manufacture

The Telemea cheese was manufactured
according to the classical method (Figure 1).
Telemea cheese was ripened in 4 different brine
solutions (variant A: 80% water + 20% NaCl;
variant B: 80% whey + 20% NacCl; variant C: 80%
water + 20% sea salt; variant D: 80% water +
13.2% NaCl + 6.8% KCI). Cheeses were sampled
for analysis at the age of 1, 7, 14, 21 and 28 days.

Physicochemical analysis

The physical-chemical analysis was applied to:
sodium chloride content (SR EN ISO 5943:2007),

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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dry matter (SR EN 1SO 5537:2005), fat content (SR
EN 1SO 1211:2010), proteins (SR ISO/TS
17837:2009), ash (SR EN ISO 707-2009), titratable
acidity with NaOH 0.1 n, according SR 143:2008
and pH with a pH-meter InoLAB 730, after
calibration with standard solutions of pH 4, 7 and
9. All analyses were performed in duplicate.

Texture profile analysis (TPA)

Texture measurements were performed at
room temperature with a CT3 Texture Analyzer
(Brookfield, UK). The samples (cylinder with
7 mm length and 12 mm depth) were compressed to
50 % of their original height with a cylindrical
probe (TA11/1000) 25.4 mm diameter and a cross-
head speed of 2.0 mm/s. The following parameters
were determined: hardness, adhesive force,
springiness, fracturability, chewiness, gumminess
and cohesiveness. All analyses were performed in

ction of sodium chloride in Telemea cheese...

Sensory evaluation

Sensorial characteristics of the cheese after
28 days of ripening were carried out by five trained
panel. The samples were presented to panelists in
randomized order after having stood for 2 h at room
temperature and were graded between 1 and 10 (1
being very bad and 10 being very good) for flavor,
color, texture (hardness, adhesive force,
springiness, fracturability, chewiness, gumminess
and cohesiveness) and acceptability.

Statistical analysis

Two-way analysis of variance (ANOVA)
was used for the comparison of the data obtained
behind the sensorial analysis of each type of
Telemea cheese. The level of significance was
established at P < 0.05.

duplicate.
|

CaCl, l | Starter culture

RAW MILK

Rennet Brine

.

Pasteurization
t=68°C/t = 20 min

v
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v
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|

v

v

Coagulation
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v

Cutting ‘

'
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v

Pressing

v

Cutting

'

A
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.

|

|

Packaging
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‘ TELEMEA CHEESE ‘ ‘
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Fig. 1. Techological flowchart for manufacturing the Telemea cheese.
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RESULTS AND DISCUSSION
Physicochemical characteristics

The chemical characteristics of cheese
samples are reported in (Table 1). Dry matter
content of the Telemea cheese samples decreased
during ripening and was between 51.88% and
46.88% at the end of 28 days. When cheese is
placed in brine, a dynamic mutual diffusion process
is established as NaCl molecules move from the
brine into the cheese while, water diffuses out
through the cheese matrix [5].

Fat content of the Telemea cheese samples
at the end of ripening period was between 19.01%
and 20.86% and decreased gradually. Changes in
fat content could be due to a decrease in dry matter
and lipolytic activity. Protein content of the
different Telemea cheese samples decreased during
ripening and at the end of this period and was
between 21.61% and 21.66%.

Decrease in protein content of Telemea
cheeses throughout ripening was attributed to
proteolysis activities, because proteolysis in
Telemea cheese continues during ripening in brine.
Titratable acidity of the sample increased

throughout ripening period, while pH values
decreased. The decrease in pH during the 28 days
of curd preservation in brine is due mainly to
completion of the lactose fermentation.

Evaluation of texture profile

Parameters revealed by texture profile
analysis (TPA) are shown in Table 2. Hardness,
that is a measure of the amount of force required to
compress the Telemea cheese  samples,
continuously decreased as storage progressed
probably due to breakdown of casein especially asl
fraction in to lower molecular weight peptide and
hydration of the protein matrix. Hardness was
higher for cheese samples maintained in variant C
of brine solution (80% water + 20% sea salt).

Fracturability values varied from 6.09 to
10.78 (N). These results are similar with the results
obtained by Kandarakis [6]. Cohesiveness is the
extent to which a cheese can be deformed before it
ruptures [7]. Cohesiveness increased gradually
during the 28 days of ripening. Finally, the lowest
values of gumminess and chewiness were found for
cheese sample maintained in brine solution B and
D.

Table 1. Physicochemical composition of Telemea cheese samples during storage at 4 °C for 28 days.

Telemea cheese

Parameters
A B C D

Dry matter, g/100g 51.88 £0.02 49.58 £0.05 46.88 + 0.04 47.28+0.05
Fat, g/100g 20.86 +0.05 20.05+0.03 19.01 £0.04 19.12 £0.03
Protein, g/100g 21.65 +0.02 21.66 = 0.02 21.61 +£0.03 21.63 £0.02
Ash, g/100g 4,73 +0.01 6.31+0.03 5.32+0.01 5.68 + 0.04
NaCl, g/100g 4.23+0.03 4.54+0.04 4.97+0.08 4.01 +0.06
pH 4.45+0.03 429 +0.05 435+0.02 4.13+0.02
Titratable acidity, °T  248.2+0.07 249.8 +£0.07 250.2 +£0.03 251.4 +£0.05

All values are mean + standard deviation.

Table 2. Texture Profile Analysis in Telemea cheese after 28 days of storage.

Textural parameters

é Hardness, Adhesive  Springiness,  Fracturability, = Chewiness, Gumminess, Cohesiveness,
& N force, N mm N J N  dimensionless
A 7.79+2.86 0.23+0.2 1.99+0.52 8.15+2.99 0.02+0.0 6.62+1.97 0.83+0.06
B 6.58+0.22 0.1+0.03 2.98+0.70 6.80+0.23 0.015+£0.001  5.54+0.25 0.82+0.01
C 10.15+0.12  0.17+0.04 2.65+0.15 10.78+0.17 0.02+0.0 7.69+0.11 0.71+0.0
D 5.90+0.105 0.06%0.003 3.91+0.03 6.09+1.15 0.01£0.0 4.93+0.62 0.81+0.05

All values are mean =+ standard deviation.
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Figure 2. Graphical representation of sensory evaluation of Telemea cheese during storage at 4 °C for 28 days.

Sensory analysis

The results of sensorial analysis of Telemea
cheese (Figure 2) showed that scores found for
color, hardness, fracturability, chewiness and
gumminess were significantly different among the
evaluated cheeses. Higher average scores for
sensorial characteristics were found for Telemea
cheese sample C, which are also in accordance with
the results of the instrumental analysis of texture.
According to Delgado et al. [8], the flavor of
cheeses depends on several reactions, especially the
metabolism of lactose and lactate, lipolysis and
proteolysis in the cheese matrix.

From the application of the statistical
method two-way analysis of variance (ANOVA)
(Table 3) it can be observed that between the
cheeses samples there are significant differences (P
< 0.05) expected due to the variability of the
auxiliary materials. In the sensorial attributes case,
the statistical analysis reveals that the panelists
have perceived similar characteristics (F < Fcr)

without significant differences in the assessment of
cheese samples. The good correlation of data can be
associated to the panelists experience in Telemea
cheese tasting. The selected panelists being trained
in this field.

CONCLUSIONS

Sodium reduction can be obtained by using
a shorter brine time or a KCI brine. The sea salt
adding influenced the textural parameters by
increasing the hardness, fracturability, gumminess
and cohesiveness values. The main results of the
instrumental texture analysis are comparable to
those of the sensory analysis. This study indicated
that brine concentration had important effects on
chemical composition and texture characteristics,
but did not affect the sensorial quality of Telemea
cheese. The statistical data suggest a good
correlation and a correct valuation of the sensorial
results.

Table 3. Two-way analysis of variance (ANOVA) applied for sensory attributes of Telemea cheese.

Source of ss df MS F P-value F crit
variation
Telemea
cheese 5.842763 2 2.921381481 5.54238616 0.014830587 3.633723468
samples
Sensorial
. 9.600652 8 1.200081481 2.276770438 0.026773872 2.59109618
attributes
Error 8.43357 16 0.527098148
Total 23.87699 26

In this table SS is Sum of Squares, df — degrees of freedom, MS — Mean Squares, F — statistic test and P-value —
probability.
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HAMAJIEHO CbABbP2XAHUE HA HATPUEB XJIOPW/] B CUPEHE TEJIEMEA. BJIUAHUE
BBHPXY TEKCTYPHUA 1 CEH30PHUA ITPODUJI

I'. . Mokany ', I.I. Augponoro, O.B. Hucrop, W. Kymau, M. Aurenoro, E. Bores
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IMoctenuna Ha 8 aBrycr, 2014 r. ; npuera Ha 20 nekemspu, 2014 r.
(Pestome)

Hartpuesusit xiopua TpaIuIMOHHO ce J00aBs KbM CHpEHa KaTo KOHCEpPBAaHT U 3a Ja moxo0pu apomarta uM. B
HacTosmara paboTa ca M3cieIBaHM (M3UKO-XMMUYHH ITOKa3aTeNd (HATPHEB XJOPHUA, CYXO ChIbp)KaHHE, MAa3HUHH,
IpoTenHN, rened, pH TUTpyeMa KHCEIMHHOCT), TEKCTYpeH Mpo(ml (TBBPAOCT, aixe3ws, eNacTUYHOCT, YyIIHBOCT,
XKWJIABOCT W KOXE3Ws) M CEH30PHU CBOWCTBA (BBHIICH BHI W LBAT, TEKCTypa, apoMaT W NpHEMaHe) Ha oOpas3mu OT
cupeHe Tenemea B mpoabkeHHe Ha 28 mHM 3peeHe. HamansBaHeTo Ha HAaTpUEBHA XJIOPUJA OKa3Ba CHIIECTBEHO
BIIMSIHHAE TBBPOCTTA, aAXE3UATa U €JJaCTUYHOCTTA Ha CUPEHETO, HO HE BIIUsIC BPXY CEH30PHUTE XapaKTePUCTHKH.
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The investigation of the changes on rheological properties during evaporation process could diminish the severe effects
of thermal processing at any individual soluble solids content. In this study, the rheological properties of pomegranate
juices at different soluble solids content (20, 30, 40 and 50 %) during concentration process applied by using the rotary
evaporator were determined. Rheological measurements were conducted in the range of 0 — 264 s shear rates by using the
concentric cylinder type viscometer. It was found expectedly that apparent viscosity increased as the soluble solids content
increased. The apparent viscosity was 0.0024 + 0.0001 Pa.s for raw pomegranate juices (15.73 £ 0.30 % soluble solids)
while it increased to 0.01342 £ 0.0003 Pa.s for the concentrated juice having 50 % soluble solids contents. Four different
rheological models were applied to find the suitable model best fitting the experimental data; Newton model, Power Law
model, Bingham model and Herschel — Bulkley model. The statistical criteria having highest regression coefficient, lowest
root mean square error and lowest chi-square were chosen for selection of best model for fitting. It was determined that the
Power law model was best described the experimental shear stress-shear rate relation for pomegranate juices at different
concentrations. It was predicted that the consistency coefficient of pomegranate juice increased from 0.005 Pa.s" to 0.013
Pa.s" as the soluble solid content was increased from 20 % to 50 %. The rheological data obtained in this study could serve
valuable data for calculation of changes in flow behaviors of pomegranate juice in pumping systems depending of their
concentration.

Keywords. Rheology, pomegranate juice, model, concentration.
INTRODUCTION

Pomegranate is an important fruit in Middle East,
Mediterranean, American, and Arab countries™.
Pomegranate fruit consists of hundreds of seeds and
thick reddish skin which covers these seeds, and fruit
body is its edible part. Edible parts contain a

quince juice have time independent, pseudoplastic and
non-Newtonian fluid properties. The rheological
properties of pomegranate juice depend on the
chemical composition of pomegranate, the pressing
method, the operation temperature and the
concentration method applied. Yildiz et al. [6] used
two different processing methods for obtaining the

significant amount of acid, sugar, vitamins, N . : . :
polysaccharides, polyphenols and mineral matters pomegranate juice regarding pressing with or W!thOUt
[1,35,6] ’ peels. They reported that the pressing methods did not

affect the rheological properties of raw pomegranate

Rheological measurements are made in order to
observe changes in the structure of foodstuffs.
Rheology examines changes in viscosity and
deformation of a substance that is under the force. It is
used for quality control, sensory properties, and
development of engineering design in juice industry
[3,6]. Several researchers [7-9] have reported that
several fruit juices such as tomato juice, liquor extract
and grape juice showed Newtonian type fluid
properties. Bozkurt and Icier [10] have reported that

* To whom all correspondence should be sent.
E-mail: mutlucevik3538@hotmail.com
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juice. They showed non-newtonian dilatant properties.
Altan and Maskan [5] investigated the effects of the
concentration method (microwave heating, rotary
vacuum evaporation, evaporating at atmospheric
pressure) and the temperature which the rheological
measurement conducted (10 — 55 °C) on rheological
properties of pomegranate concentrate (17.5 — 65 %).
They determined that all of the pomegranate juice
samples have Newtonian character.

In this study, the changes of apparent viscosity for
different soluble solid contents (20, 30, 40 and 50 %)
during concentration process were examined. It was
also aimed to determine the most appropriate
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rheological model fitting the experimental shear stress
and shear rate data best, and to predict the changes of
consistency coefficients and flow behavior indexes
during concentration process of pomegranate juice.

EXPERIMENTAL

The pomegranates (Punica granatum L., cv.
Hicaznar) used in this study were supplied from a
local market in Izmir, Turkey. Pomegranates were
washed in cold tap water and drained. They were
manually cut up and the outer leathery skin was
removed. The aril in the sacs was pressed, and fruit
juice was extracted. The juice having an initial
concentration of 15.73 + 0.10 % soluble solid contents
was concentrated at 60 °C in the vacuum by using a
laboratory type rotary vacuum evaporator (Buchi R-3)
rotating at 400 rpm.

Total soluble solids content determination. The
soluble solids content of the juice samples was
measured by refractometer (Hanna Instruments
96801) at 20 °C and expressed in % soluble solid
contents.

Rheological measurements. Rheological properties
were measured using a concentric cylinder type
viscometer  (Brookfield LVDV-Il, Brookfield
Engineering Laboratories, USA). The measurement
range of viscometer between 0 and 100 % full scale
torques was adjusted by selecting the specific spindle
(S-18) and its rotational speed (0.0 — 200 rpm) for
pomegranate  juice. During the rheological
measurement, shear stress (SS), shear rate (SR) and %
torque (T) values were recorded for each rotational
speed (rpm). Experimental shear stress-shear rate
measurements were fitted to selected rheological

models to obtain viscous rheological properties of
pomegranate juice. Four different rheological models
were applied to find the suitable rheological model
best fitting the experimental data; Newton model,
Power Law Model, Bingham model and Herschel-
Bulkley model [10].

Statistical analyses. Compatibility of the model
with experimental data was determined by using a
non-linear regression analysis of statistical software
package (SPSS ver. 20, yil). Regression coefficient
(R?), root mean square error (RMSE) and chi-square
(x?) values were calculated. Duncan test was applied
as a comparative statistical analysis. The statistical
criteria of having highest R?, lowest RMSE and lowest
¥? were chosen for selection of best model for fitting
[11].

RESULTS AND DISCUSSION

The apparent viscosity of pomegranate juices
increased as their water-soluble solids increased (p <
0.05) (Figure 1). As the soluble solids content
increased from 20 % to 50 %, the apparent viscosity
increased approximately 4 folds. Several studies have
reported similarly that the water content of juices
decreased during concentration process, since the
change of viscosity as the increased trend has been
expected® " 8, However, this result could be only used
for overall discussion of the effects of concentration
process on rheology of pomegranate juice. For
detailed investigation of changes of rheological
behavior, the experimental data were fitted to some
rheological models, which were generally described
the changes of rheological properties of fruits juices.

0.016

c ©
o ©
[
N

Apparent viscosity (Pa.s)
=
®

0 10 20

Soluble solid contents (%)

30 40 50 60

Fig. 1. The change of apparent viscosity as a function of soluble solids content of pomegranate juice during concentration
process.
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Table 1. The statistical evaluation of rheological models applied to fit the experimental shear stress-shear rate data.

Models
% Soluble Solid Statistical

Content Criteria Bingham Power Law Hershel- Newton
model model Bulkley model model

R? 0.991 0.996 NC* 0.984

Raw (15.73) RMSE 0.0038 0.00014 NC” 0.0017
e 0.01863 0.011 NC* 0.0397

R? 0.996 0.998 0.998 0.987

20 RMSE 0.0015 0.0002 0.0006 0.0046

v 0.0352 0.0157 0.022 0.0660

R? 0.996 0.997 0.998 0.989

30 RMSE 0.0047 0.0004 0.0013 0.0038

e 0.0653 0.02 0.0334 0.0599

R? 1.0 1.0 NC” 0.999

40 RMSE 0.001 0.0008 NC” 0.0019

i 0.032 0.0260 NC” 0.0423

R? NC” 1.0 1.0 1.0
50 RMSE NC” 0.0070 0.0070 0.0024
e NC" 0.0800 0.0754 0.0478
NC™: statistically non compatible.
For different soluble solids contents of showed Newtonian fluid behavior. They found that R?

pomegranate juices, the statistical evaluation of
rheological models fitted to experimental data were
given in the Table 1. For raw, 20 -40% soluble
solids contents, the best model fitted was chosen as
the Power Law due to its highest R?, lowest RMSE
and 2. On the other hand, the 50 % concentrated juice
showed Newtonian character. Similarly, Yildiz et al.
[6] reported that non-concentrated pomegranate juice
has non-Newtonian and dilatant properties depending
on temperature (20 - 90 °C) and pressing method
used. On the contrary, Kaya and So6zer [12] found that
pomegranate juice samples at higher concentrations
(45.7 — 71 % soluble solid contents) at different
temperatures (5 — 60 °C) showed Newton model.
Altan and Maskan® reported that the pomegranate
juice samples having the soluble solids contents of
175 — 65 % at different temperatures (10 — 55 °C)

values of Newtonian model are greater than 0.966 at
all concentration processes. However, the change of
consistency coefficient and flow behavior indexes
during concentration process of pomegranate juice
was not investigated in these studies. The contrary
between rheological characters of pomegranate juices
given in different studies may be due to differences on
the type of pomegranate used, the processing pressure,
the temperature range applied, the concentration
method, method of the rheological measurement, etc.
The change in the consistency coefficient and flow
behavior index of pomegranate juice during vacuum
concentration process were predicted by using Power
Law model (for raw juice and 20 — 40 % soluble
solids), which was obtained as the best model
Table 2. The consistency coefficient and flow behavior
indexes of pomegranate concentrates.
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% Soluble Consistency bel;g)\\//\ilor
Solid coefficient K, index
Content Pa.s" n !
Raw (15.73) 0.005 + 0.001 0.836 + 0.04
20 0.005 £ 0.001 0.854 £0.053
30 0.007 £ 0.001 0.872+0.019
40 0.007 £ 0.001 0.974 + 0.031
50 0.013 £0.00 1.0+ 0.00

describing the rheological changes. To make the
comparison of the change in rheological properties of
pomegranate concentrates in the range of 15.73 — 50
%, the viscosity value for the concentrated juice
having 50 % soluble solids was used as its consistency
coefficient with n = 1. It was obtained that consistency
increased as the soluble solids increased (p < 0.05).
Similar to the result obtained regarding the change of
the apparent viscosity, the consistency coefficient
increased more than two-folds as the soluble solids
content increased from 20 % to 50 %. On the other
hand, the flow behavior index increased from 0.836 to
1.0 as the soluble solids content increased from 15.73
% to 50 % (Table 2). Although pomegranate juice
samples having the soluble solids content in the range
of 15.73-40% showed non-Newtonian and
pseudoplastic behavior, the juice having soluble solids
content of 50 % has Newtonian fluid character.
Results showed that the consistency coefficient and
flow behavior index could be used to discuss the
change of rheological properties of pomegranate juice
during concentration process in detail.

The apparent viscosity of pomegranate juices
increased as their soluble solids increased. As the
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soluble solids content increased from 20 % to 50 %,
the apparent viscosity increased as 4 folds. Although
the pomegranate juice having soluble solids content
up to 40 % showed pseudoplastic non-Newtonian
fluid character, the juice having soluble solids content
of 50% has Newtonian character. During the
concentration of pomegranate juice, the consistency
coefficient K values increased, and the flow behavior
index approaches to unity (1). These results could give
valuable data for designing and setting up of pumping
and mixing systems for pomegranate concentrates.
The effects of novel concentration methods on quality
and rheology of fruit juices should be studied in detail.
Further studies on the determination of the rheological
properties of different fruit juices during concentration
process are recommended.
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ITIPOMEHM B PEOJIOT MYHUTE CBOVICTBA HA COK OT HAP (Punicagranatum
L.Hicaznar) [TPU [TPOLIECA HA KOHIUEHTPUPAHE

M. [[)KGBI/IKl*, C. Cabanmkul, @. I/I‘II/Iepz, X. Uunmns®

1E2e Vuusepcumem, Bucuie yuunuwe no npupoonu u npunosxcnu nayku, Cexyus no XxpaHumento
unxcenepcmso, bopnosa, smup, Typyus
2Eze Ynusepcumem, Unoicenepen paxynmem, Kameopa no xpanumenno unxcenepcmeo, boprosa, Hzmup,

Typyus
3 Vuueepcumem JJucenan Baap, Kameopa no xpanumenno undicenepcmeo, Mypaoue, Manuca, Typyus

Ioctenuna Ha 9 tonu, 2014 r.; npuera Ha 10 gexemspu, 2014 1.
(Pestome)

W3cnenBaneTo Ha NPOMEHHTE B PEOJOTUYHUTE CBOWCTBA IO BpeME Ha Tpolieca n3napeHue Ou Morio jaa
HaMalu HeOJIarompusTHUTEe eeKkTH Ha TepMHUYHA 00pabOTKa BBHPXY Pa3TBOPHMHU TBBPIH BellecTBa. B
HacrosiaTa paboTa ca OnpesieieH! PEOJIOTHYHUTE CBOMCTBA HA COK OT Hap MpPHU Pa3iIMYHO ChIbpKaHHE Ha
pasteopumu TBBpaU BemrectBa (20, 30, 40 u 50 %) mo Bpeme Ha mpolieca Ha KOHICHTPUpPaHe, H3BbPIBAL
ce OT pOTAllMOHEH H3MapuTes. PeollorMyHHMTE M3MepBaHMsl OsXa OCBIIECTBEHH 4Ype3 PpOTALUOHEH
BHMCKO3MMETBP C JIATYVK THUI ,,lIAJMHIBD B IMJIMHIBD IPH IPAMEHT HA CKOPOCTTa B MHTepBana 0264 s,

Beme ycraHOBeHO, 4e KakTO MOXE Ja CE OYakBa, BHCKO3HTETHT HapacTBa IPH yBEINYaBaHE
CHIBPKAaHWETO Ha PAa3TBOPHMHUTE TBBPIAHM BEIlecTBA. 32 HEOOpabOTEH COK OT Hap (KOHLIEHTpauus Ha
1BBpauTe BemectBa 15.73 + 0.30 %) BuckosutersT Oemre 0.0024 + 0.0001 Pa.s, mokaTo Toi ce yBeTudu 10
0.01342 + 0.0003 Pa.s 3a KOHLEHTpUpPaH COK, chabpxkaim 50% pasTBopuMHu TBBbpAM BemiectBa. C men
YCTaHOBSIBAHE Ha MOJXOJSI MOJIEN, Hall-oOpe OMUCBalll €KCIEPHUMEHTAIHUTE NaHHH, OsiXa NPUIIOKESHU
YETUPH pa3IMuHU PEONIOTHYHHN MoJienn: HIOTOHOB MoJiel, CTeNeHeH MoJiell, Moiel Ha buHram u Mozen Ha
Xepmen-banknu. [Ipu nogdopa Ha Hal-MOAXOIAIN MOIEN Oelie H30paH CTATUCTUYCCKH KPUTCPUU 33 Hal-
BHCOK PErpecHOHEH KOe(hHUIIHEHT, Hali-MaJlka CpPeJHO-KBaJpaTHIHA TPEIIKa U Hali-MalbK y-KBajapaT. beme
YCTAaHOBEHO, Y€ 3a COK OT Hap C pa3jMyHH KOHIEHTPAIMH, EKCIIEPUMEHTAalHaTa 3aBUCHMOCT Ha
TAQHTCHIUAHOTO HANPEKEHWE OT I'paJeHTa Ha CKOPOCTTa CE OIMKMCBA HAil-TOYHO OT CTEIICHHUS 3aKOH.
Berie mporHo3upaHo, 4e BHCKO3UTETHHUAT Koe(UIMEHT Ha cok oT Hap ce ysennuasa ot 0.005 Pa.s" no
0.013 Pa.s" npu yBenuuaBaHe ChABPXKAHHETO Ha TBBPAM BemiectBa oT 20 % Ha 50 %. [Nonyuenute mpu
TOBA M3CJIEBAHE PEOJIOTHYHM ITapaMeTpH MOTaT Aa ITOCIYXKaT KaTo IIEHHM JIaHHU NPU M3YHUCISIBAHETO Ha
IIPOMEHHUTE B MOBEACHUETO HA TEYECHE B MOMIIEHH CHCTEMHM Ha COK OT Hap B 3aBHCHMOCT OT HEromara
KOHLICHTPALIHSL.
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In this study, effects of ultrasound application durations on the rheological properties of tomato juice were
investigated. Tomato juice having 6.18 £ 0.04 % soluble solid contents was ultrasonicated using a 1500 W ultrasonic
processor at a constant frequency of 20 kHz for different application durations (0, 5 and 10 min). The empirical data for
tomato juice samples obtained from the viscometer (Brookfield LVDV Il Pro, USA) were converted into viscosity
function. Rheological properties of juice at 20 °C were determined by fitting shear stress-shear rate data to some
rheological models (Newtonian, Bingham, Power Law, Herschel Bulkley). It was found that samples showed Non-
Newtonian fluid (pseudoplastic) behavior. As the ultrasonic application duration increased the apparent viscosity of the
tomato juice increased. Herschel Bulkley model was the best model for all application durations investigated (For raw
juice and chi-square (¥?) 0.203, root mean square error (RMSE) 0.045, Regression coefficient (R?) 0.995; for 5 min: ¥?=
0.219, RMSE = 0.053, R?=0.994 and for 10 min: ¥?= 0.225, RMSE = 0.056, R?= 0.994). Rheological data obtained in
this study showed the importance of ultrasonic application duration. Application time should be optimized for ultrasonic

processing of tomato juices by considering pumping requirements and changes on quality attributes.

Key words: Ultrasound, rheology, tomato juice, models

INTRODUCTION

Tomato  (Lycopersicon  Esculentum)  has
important place in daily consumption in the form of
fresh or manufactured products (tomato paste,
ketchup, tomato juice), and hence provides
important economic contributions in the food
industry. Tomato juice is obtained by squeezing the
whole tomatoes. After the squeezing, skin and seeds
are removed with a fine sieve. Tomato juice is
composed of serum and colloidal particles [1] larger
than diameter of 150 pm.

Tomato juice is produced generally by using
conventional production methods [2,3]. In addition,
the studies about using of new technologies for
increasing of yield, enzyme inactivation, microbial
inactivation, reduction of color changing,
improvement of rheological properties etc. have
been increased in recent years [4-8]. Ohmic heating,
microwave treatment, high pressure applications,
pulsed electric field, ultrasound are common
technologies [2,3,9-11]. Further studies are needed
to investigate the effects of process conditions for
these technologies on the quality of variety of fluid

* To whom all correspondence should be sent.
E-mail: serdalsabanci@hotmail.com
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foods.

High power ultrasound technology, which is one of
the non-thermal techniques, provides desired
molecular physical and chemical changes in the
food. The ultrasound technology is mainly used for
enhancing the emulsion applications, cell
fractionations, chemical reactions, cutting the
sensitive foods, and inactivation of enzymes and
microorganisms [12-14]. The application of
ultrasound affects as the viscosity and water binding
properties of biopolymers [15]. It is applied as an
alternative technique for different purposes such as
microbial and enzyme inactivation, extraction,
drying, filtration, crystallization, degas, -cutting
etc.[14]. Especially, the combination of ultrasound
with heat and pressure improves the rheological
properties of tomato juice [2,3].

Rheology is a physical property and is important
for product development, process control, design
and feasibility [16, 17]. The considerable amount of
studies on the changes of rheological properties of
tomato juice during processing have been made [2,
3, 18-20]. In the light of this information, it can be
said that the tomato juice has a pseudoplastic
character. On the other hand, any study regarding
the determination of the effects of ultrasound
application on the changes of rheological properties
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of tomato juice was not found, within the knowledge
of the authors.

The aim of this study was to investigate the
effects of ultrasound durations on the changes of
rheological properties of tomato juice, and to obtain
the rheological model best fitting the experimental
rheological data. This data will be useful in the
adaptation of this novel technology in tomato juice
processing lines and the optimization of ultrasonic
processing conditions for tomato juices by
considering pumping requirements and changes on
quality attributes.

EXPERIMENTAL

In this study, tomato juice having 6.18 = 0.04 %
soluble solid contents was supplied from a local
commercial firm, and transported at cold conditions
(4°C) after production immediately. Tomato juice
was ultrasonicated using a 1500 W ultrasonic
processor (Selecta Ultrasons H-D Model, Spain) at
a constant frequency of 20 kHz for different
application durations (0, 5 and 10 min). Ultrasonic
bath was filled with 500 ml water, and 25 ml tomato
juice in the glass beaker was submerged into the
ultrasonic bath. Rheological measurements were
done at constant temperature of 20 °C, immediately.

Rheological measurements

Brookfield viscometer (Model LVDV-IlI Pro,
Brookfield Engineering Laboratories, USA) was
used for rheological measurements. Shear stress,
shear rate, viscosity and % torque values were
recorded. Percent changes in the apparent viscosity
were obtained from the rheological measurements of
the ultrasound-treated samples and control group (0
min) samples as given in Equation (1).

Percent changein the apparent viscosity =

H -H 1

app,ultrason ~ Mapp,contrd %100 ( )
Uapp,contrd

The experimental shear stress-shear rate

measurements were fitted to selected the rheological
models to obtain the rheological properties of tomato
juice. Four different rheological models were
applied; Newton model, Power Law Model,
Bingham model and Herschel Bulkley model [16].

Statistical analysis

Compatibility of the model with experimental
data were determined by using a non-linear
regression analysis of statistical software package
(SPSS. ver. 20). Regression coefficient (R?), root
mean square error (RMSE) and chi-square (3%
values were calculated [21]. Duncan test was applied

to compare the differences between any rheological
property depending on ultrasound durations. The
statistical criteria of having highest R? lowest
RMSE and lowest ¥? were chosen for selection of
the best model fitted.

RESULTS AND DISCUSSION

According to rheological measurement results of
the tomato juice, the apparent viscosity decreased as
the shear rate increased (Figure 1). Therefore
rheological characteristics of tomato juice show
Non-Newtonian pseudoplastic behavior. Similarly,
this nature of tomato juice has been previously
found [22,23]. However, there was no enough
information on the change of rheological behavior
during ultrasound treatment in the literature,
according to the knowledge of authors.

While the time extent of ultrasound treatment was
increased, the apparent viscosity of tomato juice is
increased (Figure 1). The difference between
apparent viscosity of untreated (0 min) and
ultrasonicated tomato juice for 10 min samples was
statistically significant for shear rate range of 0 —
36.4 s (p < 0.05). On the other hand, the viscosity
of the ultrasonicated samples for 5 min was similar
to that of the untreated samples (p > 0.05). The
percent change in the apparent viscosity of tomato
juice ultrasonicated for 10 min was between 1.83 %
and 11.97 % for shear rates applied in the range of 0
—36.4 s, At higher shear rates applied, there was no
significant effect of ultrasonication duration on the
changes of viscosities (p > 0.05). The rheological
behavior of tomato juice is influenced with water
soluble and non-soluble pectin amount and cellulose,
hemicelluloses compounds which are present in
structure. This pectin amount could influence the
viscosity with possible interesterification occurred
by ultrasound [7,20]. Similarly, there is limited
information that the combination of ultrasound with
other thermal/nonthermal methods could enhance
the rheological properties of tomato juice [3].

Different rheological models (Newton, Bingham,
Power Law and Herschel Bulkley models) were used
to determine the changes on the consistency
coefficients and flow behavior indexes of ultrasound
treated tomato juices. The rheological models were
fitted to the experimental shear stress- shear rate
data. The statistical evaluation of model agreement
was given in Table 1. Statistical criteria were the
biggest regression coefficient (R?) for the model and
the lowest errors (RMSE and %) between
experimental and predicted shear stresses for each
shear rate value.
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Fig. 1. Change of apparent viscosity of untreated and ultrasonicated tomato juices depending on shear rate.

Table 1. Statistical evaluation for the agreement of rheological models with experimental data.t.

Newton Bingham Power Hershel-
Treatment Statistical Criteria g Law Bulkley
model model
model model
R? NC 0.769 0.993 0.995
Untreated (0 min) RMSE 11.38 1.95 0.06 0.04
x2 3.29 1.33 0.23 0.20
Ultrasound treatment R® NC 0.742 0.992 0.996
(5 min) RMSE 12.27 2.14 0.06 0.05
X2 341 1.39 0.24 0.21
Ult d treatment R? NC 0.743 0.991 0.993
ras‘(’i‘g mirﬁf men RMSE 13.49 2.38 0.06 0.05
X2 3.58 1.47 0.24 0.22

NC*: statistically non compatible.
Table 2. Rheological properties of untreated and ultrasonicated tomato juice.

Consistency Flow behavior Yield Stress
Treatment coefficient index, n (0, Pa.s")
(K, Pa.s") ¢) o
Untreated (0 min) 4.067 +0.28 0.273 +0.01 0.052 £ 0.02
Ultrasound treatment (5 min) 4.365 +0.32 0.261 +0.01 0.059 +0.01
Ultrasound treatment (10 min) 4.674 +0.65 0.251£0.02 0.098 +0.01
It was determined that Herchel Bulkley model shown in Figure 2 for each of the ultrasound

was described best the rheological behavior of durations. Similarly, Sharma et al.*® established the
untreated and ultrasonicated tomato juices since its most proper model is Herchel Bulkley model for
regression coefficient was highest and its statistical untreated tomato juice samples having different
errors were lowest (Table 2). The good agreement compositions.

of this model to the experimental data has been
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Fig. 2. Comparison between the model predictions and experimental rheological data; a) untreated sample, b)
ultrasonicated sample for 5 min, c) ultrasonicated sample for 10 min.

The consistency coefficient, flow behavior
index, yield stress values of tomato juices were
determined by using Herschel-Bulkley model since
it was found as the most proper model for
describing the rheological behavior best (Table 2).
It was found that the consistency coefficient of
tomato juice statistically changed after ultrasound
application (p < 0.05). As the ultrasound treatment
time increased consistency coefficient increased
and the flow behavior index decreased. However,
the rheological behavior of tomato juice remained
unchanged as non-Newtonian fluid having vyield
stress. Similarly, the change of viscosity has
showed similar trend demonstrating the general
evaluation of change in its rheological behavior. It
could be said that ultrasound treatment caused the
increasing of the apparent viscosity value of tomato

juice by increasing its consistency coefficient and
decreasing the flow behavior index.

It is recommended that the ultrasound treatment
time for 10 min and above at low shear rates (<
36.4 s1) could be used if the main purpose is to
increase the consistency of tomato juice higher than
12 %. The optimization of ultrasound conditions
regarding the treatment time and shear rate is
necessary for design and setting up of piping and
ultrasound  processing equipment for each
individual fluid foods.

The effects of ultrasound applications on the
rheopectic and thixotropic characteristics of tomato
juice will be determined in flowing projects. In
addition, the effects of frequency and power density
of ultrasound applications on both rheological
properties and other quality attributes of different
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fruit and vegetables juices should be investigated
further in future studies.

The considerable change on viscosity of tomato
juice has been obtained for ultrasonication for 10
min. On the other hand, the consistency coefficient
increased and the flow behavior index decreased as
the ultrasonication duration increased. Herchel
Bulkley model was determined as the most proper
model describing the rheological changes of
untreated and ultrasonicated tomato juices. It was
characterized that tomato juice had Non-Newtonian
fluid having yield stress. Since it was determined
that the ultrasound could increase the overall
consistency of tomato juice, the application
conditions for ultrasonication applied to tomato
juices could be optimized for the individual
purposes such as being used in sauce making and
high consistency past production, etc.
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BJIMSTHUE HA HPOABJDKUTEJIHOCTTA HA VJITPA3BBYKOBOTO BB3JIEUCTBUE
BBPXY PEOJIOTUYHUTE CBOMCTBA HA IOMATEH (Lycopersicon Esculentum) COK

C. Cabanmkul™, M. I[)KGBI/IKl, oD, I/I,I[)I(I/Iepz

1E2e Vuusepcumem, Bucuwie yuunuwe no npupoonu u npunoxcnu nayku, Cexyus no Xpanumenio uHi#CeHepcmeo,
bopuosa, Hamup, Typyus

2Eze Yuusepcumem, Hnoicenepen gpaxyrmem, Kamedpa no xpanumenno umnsicenepcmeo, bopnosa, Usmup, Typyus.

Ioctenuna Ha 10 rosu, 2014 r.; npuera Ha 10 gekemBpu, 2014 .

(Pestome)

B Hacrosimata paboTa e m3cieABaH eQEeKThT Ha IMPOIBIDKUTEIHOCTTa HA YJATPa3BYKOBOTO BB3/CHCTBUE BBPXY
PEOJIOTHYHUTE CBOMCTBA Ha IoMaTeH COK. JIoMaTeH COK ChC ChABP)KaHUE Ha pa3TBOPUMH TBBPAM BelecTBa 6.18 + 0.04
% Oe1e MOJUIOKEH Ha yNTpa3ByK, nanomssaiiku 1500 W yntpa3BykoB renepatop npu mocrosiHaa yecrora 20 kHz 3a
pazmmano Bpeme (0, 5 and 10 min). EMnupuyHuTe HaHHH 3a 00pa3luTe TOMAaTeH COK IOIYy4YeHH 4pe3 BUCKO3HMETHD
Brookfield LVDV Il Pro, USA 6sixa kOHBEpTHpaHU KaTO (YHKIIMS HA BUCKO3UTETA. PEONIOrHYHKUTE CBOMCTBA HA COKa
npu Temneparypa 20 °C 0sxa noiyueHH 4pe3 MHTEpIOJalys Ha 3aBUCUMOCTTa Ha TaHT'CHIMAJIHOTO HANPEKEHUE OT
BUCKO3UTETA C HAKOHU PEOJIOTHYHU Mozenu: HIoToHOB Mozen, creneHeH Mojien, Moaen Ha bunram n mozen Ha Xepen-
bankmu. beme ycraHoBeHO, ye o0pa3iuTe MposBsIBAT HEHIOTOHOBCKO (IICEBAOIIACTHYHO) MOBe/IeHHE Ha TeueHe. [Ipu
yBeJINYaBaHe Ha MPOIBIKUTEIHOCTTa Ha YITPa3sBYKOBOTO BB3EHCTBHE, BUCKO3UTETHT HAa JOMAaTCHHS COK HapacTBa.
MopgensT, KOHTO Hai-10o0pe OmMCBa EKCIIEPUMEHTAIHUTE AAHHU NPH BCHYKH NPOABIDKUTEIHOCTH Ha YITpa3ByKa, €
To3u Ha Xepuien-bankiu (3a Heo6paborten cok u (?=0.203, cpenno-kBaaparuuna rpemka RMSE=0.045 perpecHOHHUAT
xoepunuent e R?=0.995; 3a 5 min yarpassykoBo Bw3aeiicteue y? =0.219, RMSE = 0.053, R?=0.994 u 3a 10 min
yITpasBykoBo Bb3feiicTeue: y? =0.225, RMSE=0.056, R? =0.994). PeonoruyHurte JaHHH, IOJYYEHH IIPH TOBA
u3clie/IBaHe, MOKa3BaT BAKHOCTTA HAa MPOIBKUTENIHOCTTA HA YNTPa3ByKOBOTO Bb3AeiicTBue. Tazu MpoabIKUTETHOCT
cienBa Ja Oblle ONTUMU3UpaHa NP YIATPAa3ByKOBO 00pabOTBaHE Ha JOMAaTeH COK ChOOPAa3sHO ¢ H3MCKBAHUATA 3a
MOMIICHE U IPOMEHUTE B KAYECTBEHUTE MIOKA3aTEIH.
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Ohmic heating technology is generally used for processing liquids and solid-liquid mixtures (or pumpable foods) in
the food industry. In ohmic processing, the product is heated volumetrically by dissipation of electrical current through
it. The main advantages of ohmic heating are the rapid processing and relatively uniform heating achieved. In this
review, the application and potential of ohmic heating in food industry were examined. Nowadays, the availability of
novel ohmic heating systems more advanced than their predecessors makes this technology even more attractive for
food processors. Ohmic technology is currently being used commercially throughout the world (USA, Japan, UK,
several European countries, etc.) for the pasteurization or sterilization of pumpable foods such as fruit and vegetable
products (juices, purees, pulps, etc.), milk, ice-cream mix, egg, whey, soups, stews, heat sensitive liquids, soymilk, etc.
and aseptic packaging. Much research is still being carried out to improve the current ohmic systems. In recent years,
industrial ohmic heating systems have been developed in different countries by companies. The potential applications of
ohmic heating technique in food industry are very wide such as cooking, thawing, blanching, peeling, evaporation,
extraction, dehydration and fermentation. Researchers should more investigate the potential applications and its effects
on food quality and safety before its industrialization.

Key words: Food industry, ohmic heating, pumpable foods, current application, potential application

within the food which allows the transition of
electric current when food materials include
sufficient water and electrolytes [8]. Ohmic heating

INTRODUCTION

Consumers are increasingly demanding foods
being safety and having improved taste and
nutrition [1]. The processing of the particulate
foods by conventional thermal methods could
damage the food product due to slow conductive
and convective heat transfer [2]. To overcome this
problem, food manufacturer have begun to apply
the electrical energy for food processing in the food
industry in recent years [3]. The novel food
technologies utilizing the electrical energy in
thermal processing have been increasingly
attracting the attention of food processors because
of its capability of improving the quality and
reducing processing costs [4]. Nowadays, ohmic

Product AC
Electrode to ha @) Power
supplv

heated

heating systems are more sophisticated and cheaper
than previous systems. Hence ohmic heating is
more attractive for food industry [5].

Ohmic heating refers to resistive dissipation of
electrical energy in the conductive food product
which is in contact with electrodes (Figure 1) [6,7].
Also it is known as joule heating, electroheating,
electroconductive heating, electrical resistance
heating, and direct electrical resistance heating in
the literature [2,4]. The uniform heat is generated

* To whom all correspondence should be sent.
E-mail: hasyildiz@hotmail.com

Fig. 1. Operating principle of an ohmic heating device

[6].

technology is generally used for processing of
liquids and solid-liquid mixtures or pumpable food
in the food industry, however its use in the solid
foods are still under the research [9-11]. The aim of
this review is to provide a general perspective of
the ohmic heating technology for currently
available industrial applications and future trends in
the food industry.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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INDUSTRIAL APPLICATION OF OHMIC
HEATING

Brief history. Ohmic heating is investigated in
several studies in the beginning of the 19" century.
It was firstly used for milk pasteurization in food
industry in the last century. But, it did not succeed
at this time due to loss of insulation material, higher
electricity prices, inadequate process regulations,
and other technical restrictions. Later researches [3]
declined during 1930s to 1960s. In 1980s, the
Electrical Council Research (UK) was secured by a
patent for continuous ohmic heating equipment.
After this development, the first industrial unit is
produced in 1989 in the UK [12]. Today, there are
many commercial plants which are operated in food
industry [13].

Ohmic heating systems. Ohmic heating systems
for food processing have basically a container, a
pair of electrodes, and an alternating power supply
[14]. Power supply units in ohmic heating systems
give electrical energy to system at low frequencies
[3]. The electrodes should be made from most
conductive materials and also these should have
low cost and corrosion resistance [15]. Ohmic
heating systems are relatively small equipments.
Instant start/stop can also be made, and process
temperature can be controlled accurately [3,16].

Ohmic systems can be operated to batch or
continuous for processing of food [14]. They have
high potential which can be designed to wide
variety depending on the application [3] The typical
batch ohmic systems have a horizontal cylinder
with two electrodes placed at both ends [17].
Continuous ohmic heating systems can vary greatly
for industrial applications [3]. They may have
several designs; a simple tube with pairs of
opposing electrodes mounted on the tube walls
opposite to each other, coaxial tubes acting as
electrodes with the food flowing between or a
vertical tube with the electrodes embodied at
regular intervals, etc. [14]. These systems have
main parts of flow system and cooling parts. They
have several columns for electrical heating. The
columns include insulating materials [3].

Selection of the system depends on processing
methods of foods and aims of the process. Batch
and continuous systems are used for liquid
(pumpable) and solid foods [11,14,17].

Current commercial applications. Ohmic
heating technology is currently being used
commercially throughout the world (USA, Mexico,
Japan, UK, and other several European countries)
for the pasteurization or sterilization of pumpable

foods (viscous or liquid foods) such as fruit and
vegetable products (juices, purees, pulps, etc.),
milk, ice-cream mix, egg, whey, soups, stews, heat
sensitive liquids, soymilk, etc. and aseptic
packaging [3,12,14]. It is reported that at least 18
commercial plants were operated in Europe, USA,
and Japan. Application of this technology has
particularly succeeded to processing of fruits and
vegetables [6].

Manufacturer companies. A great number of
researches were completed for optimization of
process parameters, improving of equipment
materials, and design [19]. Ohmic heating systems
must have effective control of heating and flow
rates, as well as investment and operating costs
should be low for successful commercially in food
industry [17].

Nowadays, industrial ohmic heating systems are
produced commercially in different countries by
companies such as APV Baker Ltd. (UK)[12], C-
Tech Innovation (UK) [16], Agro process (IAl
Group, Canada) [20], Yanagiya Machinery Co. Ltd.
(Japan) [21], Kasag (Switzerland) [22], Alfa Laval
(Sweden) [23], Raztek (USA) [24], Emmepiemme
SRL (Italy) [4,25]. A list of some industrial ohmic
heating systems and features for processing of
foods is shown in Table 1.

Leadley reported [6] that APV Baker Ltd. (UK)
produced two industrial ohmic heating systems.
One of these had power output of 75 kW and
product capacities of 750 kg/h and the other had
power output of 300 kW and product capacities of
3,000 kg/h. Approximate prices for these systems
including aseptic line were £ 1,300,000 to £
2,000,000. On the other hand, Emmepiemme SRL
(Italy) produced systems in the range of 60 kW to
480 kW for production throughputs of 1,000 kg/h to
6,500 kg/h. Approximate prices estimated in 2004
were € 60,000 to € 220,000 due to the power output
of systems. Tucker informed [27] that Raztek
(USA) manufactured one industrial ohmic heating
system which was used for pasteurizing the liquid
egg at a flow rate over 11,300 kg/h.

Anderson reported [25] that the costs of
industrial ohmic heating systems, including
installation, can be in excess of $ 9,000,000.
Although these systems have an enormous
investment for a manufacturing plant, their
processing costs are comparable to commercial
conventional systems [3]. Costs of ohmic heating
were found to be comparable to processing of low
acid products [17].

99



H. Yildiz&E. Guven: Industrial application and potential use of ohmic heating for fluid foods

Table 1. Some industrial ohmic heating systems and their features [16,21,23,26,27].

Heating

Type of Type of Frequency, Capacity,
Company Technology Electrodes Products P?(V\ﬁr’ Hz kg/h
Beverages, fruits and
C-Tech - ontinuous . vegetables throughto ;4 . 300-7,200
Innovation meat based products,
ready meals*
Fruits and vegetables
Alfa Laval Continuous - p(odgcts, prepared foods, 60-300 50 -
liquid egg, ready meals,
sauces*
Emmepiemme . Stainless steel Fruits and vegetables i 1,000-
SRL Continuous Rising products* 60-480 25,000 6,500
Platinum
APV Baker Continuous coated R eady megls and . 75-300 50 750-3,000
Ltd. | . particulate fruit product
ntrusive
Raztek Continuous  Pure carbon Liquid egg* - 50 11,300
Yanaglya Continuous - Tofu production - - -
Machinery

*Pasteurization or sterilization of pumpable food.

POTENTIAL APPLICATIONS OF OHMIC
HEATING

Ohmic heating is investigated on various areas
in food engineering. It has a lot of potential for
commercial use in food processing [18]. It has a
large number of potential future applications such
as cooking, thawing, blanching, peeling,
evaporation, extraction, dehydration, fermentation,
and online detection of starch gelatinization for
food industry [2,3,8,28].

Cooking. Solid foods of ohmic heating are
restricted due to the difficulty in providing good
contact between the electrodes and food surface
[29]. In recent years, several studies have been
completed about ohmic cooking [11,14,30-32].
Studies have been conducted especially in meat
processing. Although ohmic cooking has offer
some advantages such as rapid cooking, energy
efficiency, and food safety, it has not yet used
industrially due to several limitations [14,29,30].
Icier et al. [11] reported a new method for cooking
of meatball in continuous type ohmic cooking
system resulting the highest product quality such as
lowest hardness, maximum chewiness, and
resilience and providing safety foods.

Thawing. Ohmic heating is an alternative
method for thawing of frozen foods [12]. Frozen
food samples must be good contact with the

100

electrodes for efficiency of this method. The size,
shape, and electrical conductivity of the frozen food
should also be carefully optimized to provide
higher efficiency [33]. Ohmic thawing have some
advantages such as less treatment times, the less
microbial growth and the better quality of the
thawed product compared to the conventional
methods [12,34]. Although ohmic thawing is not
applied commercially in food industry due to
several limitations, it has potential to use in the
future [33,35].

Blanching and peeling. The ohmic heating
appears to be an alternative method for blanching
and peeling method for vegetables and fruits. Cell
membranes of vegetables and fruits are damaged by
combination of electrical and thermal effects in this
method [36]. Mizrahi [37] reported that ohmic
blanching considerably reduced the hot water
requirement and blanching time compared to
conventional method. VVegetables and fruits may be
peeled efficiently without using any chemicals [13].

Evaporation. Ohmic heating is a new method
for vacuum evaporation of orange juice. It can
evaporate faster and gives higher quality of final
product than conventional processes at the same
time [12].

Extraction. Ohmic heating can be used for
extraction. It affects the structure of biological
tissue so that increasing of extraction yield [36].
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Lakkakula et al. [38] informed that ohmic heating
increased the extraction yields for sucrose from
sugar beets, beet dye from beet root, soymilk from
soybeans, and total percent of lipids extracted from
rice bran. Wang and Sastry [39] showed the
improved apple juice extraction yields with ohmic
heating.

Dehydration. Ohmic heating can be used for
dehydration of vegetables and fruits. It may be
causes electroporation of cell membranes. Hence, it
increases the permeabilization of the cell and so
facilitates dehydration [8,12]. Lima and Sastry [40]
showed the faster hot-air drying rate of sweet
potato with ohmic heating.

Fermentation. Ohmic heating applications may
be useful for fermentation in food industry. It was
reported that lag period decreased when ohmic
heating was used in fermentation of some foods.
This technique may decrease the lag period of
fermentative bacteria and so decrease of
fermantation time in processing of yogurt, cheese,
beer, or wine [25,41].

CONCLUSION

Ohmic heating have been used for several
purposes including blanching, heating, cooking,
etc.. Several manufacturers developed ohmic
systems especially for processing of liquid foods.
However, further studies are recommended to
development of new industrial ohmic systems for
the potential applications into industrialization.
New industrial ohmic systems should also be
convenient for processing solid food products.
Nowadays, although industrial ohmic systems have
high investment cost, their cost will be decreased
by the time with technological developments. In
future studies, toxicological and mutagenic effects
should also be investigated for electrically
processed foods.
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NHAYCTPUAJIHUA ITPUJIOXEHNWA N Bb3MOXHOCTHU HA OMOBOTO HAI'PABAHE 3A
TEUHU XPAHU

X. Vinnams®, E. I'ysen?

YVuueepcumem “Houcenan basp ““, Kameopa no xpanumenno unacenepcmso, Mypaoue, Manuca, Typyus.
2[Jenmpanen epadunapcku uscredosamencku uncmumym Amamiopk, Kameopa no xpanumenna mexmonoz2us,
77102 AHnoea, Typyus.

IMoctrernuna Ha 26 ronw, 2014 r.; npuera Ha 28 nekemBpu, 2014 .
(Pestome)

B xpanuTenHaTa MHIYCTpHS TEXHOJOTHATA HA OMOBOTO OTOIUICHHE CE HM3IOJ3BAa IJIABHO INPH IpepaboTKaTta Ha
TEYHOCTH WJIM CMECH Ha TBBPIM BEIIECTBA M TEYHOCTH (FUIM XpaHW, KOUTO MOTAT Ja ce m3mommBart). [Ipm omoBaTa
npepaboTka 00eMBT Ha MPOAYKTa CE€ HarpsBa Ype3 MPOMyCKaHe Ha EICKTPUIECKH TOK mpe3 Hero. Cpex OCHOBHUTE
MpearMCTBA Ha MeToa ca Obp3aTa mpepaboTka U MOCTUTaHETO Ha OTHOCHUTEITHO PaBHOMEPHO HarpsiBaHe. B HacTosmus
0030p ca pasmiieflaHd TPUIOKCHHUITA U BH3MOXKHOCTHTE Ha OMOBOTO OTOIUICHHE B XpaHUTEIHATAa HHIyCTpus. B
JIHEITHO BpeMe, HaJMYWeTO HAa HOBH OMOBH OTOIUIMTENTHH CHUCTEMH, TO-HalpeJHald OT CBOHUTE MPEIIICCTBEHHUIIH,
MpaBU Ta3u TEXHOJOTHs Ollle MO-TIPUBJIEKaTeNHA 3a MPOM3BOAMUTEIINTE HAa XPAHUTETHH NPOAYKTH. B MomeHTa B
ceetoBeH Mamab (CAILl, Snonus, AHCAMs, HIKOM CBPONEWCKHA CTPaHH M Jp.) OMOBaTa TEXHOJOTHS €
KOMepCHalTM3upaHa M Ce M3IIOJ3Ba 32 IACTHOPH3UpPAHE WM CTEPIIIU3UpAHE HAa XpaHU, KOUTO C€ W3IIOMIIBAT, KaTo
HaTpuUMep IUIOAOBU M 3€JICHYYKOBH MPOAYKTH (COKOBE, MIOpeTa, Kalllk | Jp.), MISKO, MHKCOBE 3a CIIAJOJNIeH, sSiIa,
CypOBaTKa, CYIH, SXHAW, YyBCTBUTCIHN KbM TOIUTMHA TEYHOCTH, COCBO MIIIKO W Jp., & TaKa CHINO U MPU aCEITUIHO
omakoBaHe. Bce ole ce M3BBpIIBAT MHOTO W3CIICBAHUS 3a IMOJ00psIBaHE Ha CHIICCTBYBAIIUTE OMOBH cHcTeMH. [Ipe3
MOCJACIHUTEe TOJMHMA, B PAa3JIMYHA CTPAaHH ca pa3pabOTCHH MPOMUIIICHH OMOBH OTOIUIMTEIHUA CHCTEMHU.
[ToTeHIMaTHUTE MPUIOKEHUSI HA TEXHUKATa HAa OMOBO OTOIUICHHE B XPaHUTEIHO-BKYCOBaTa MPOMUIIIEHOCT Ca MHOTO
IIMPOKH, KaTO BKJIIOYBAT TOTBEHE, pa3MpassiBaHe, ONaHIIMpaHe, MUJIUHT, U3MapsBaHe, eKCTPAKIMs, ACXUApATAIUsI U
(depMenTanus. YueHuTe TpsAOBa MOBEYE Ja HM3CICABAT MOTCHIIMATHHUTE MPUIOKEHHS, KaTO OObPHAT BHUMAaHHE Ha
BB3JICHCTBHE HA OMOBOTO OTOIUICHHE BHPXY KaueCTBOTO M OE30IACHOCTTA HA XPaHHTE MPEIU WHIYCTPHATIM3AIUATa Ha
MeTOIa.
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Selected ion flow tube mass spectrometry (SIFT-MS) is an analytical mass spectrometry technique that offers real
time and rapid identification and quantification of gases in air and human breath, even it is trace amount. This
technology is used rapid measurements of volatile organic compounds (VOC) and some inorganic gases.

SIFT-MS can be applied in food science, environment, medicine, and health and safety practice. In food science,
several studies of volatile compounds in fruit and vegetables, nuts, cocoa and cocoa liquors have been reported. The
applications of this technology is allowed to air analysis in following areas; hazardous toxic chemicals in shipping
containers, diagnosis of non-invasive diseases through breath analysis and screening urine of workers for levels of toxic
compounds.

Detection of ppt level of VOCs, real-time ambient air monitoring without any required sample preparation, and the
direct analysis of moist samples are considered as the advantages of this technique. However, conflicts in compound
identification and quantification between ionized fragments with the same molecular weight are the challenges of SIFT -
MS.

The aim of this review is point out a new technology for measuring VOCs and outlines some results from several
studies to show the application area of SIFT-MS in food science and other areas.

Keywords: Selected lon Flow Tube Mass Spectrometry (SIFT-MS), volatile compound, fruits and vegetables, rapid

monitoring.
INTRODUCTION

Selected ion flow tube mass spectrometry
(SIFT-MS) was intended in the mid 1990’s as an
analytical method for the direct, accurate analysis
of humid exhaled breath while avoiding redundant
sample preparation into bottle or onto traps [1].
SIFT-MS is reversed the process which had been in
use for the previous 30 years for determining rate
coefficients. Main objective is if a rate coefficient
and product ion(s) were known for an ion-molecule
reaction, the concentration of neutral analyses can
be found. The researchers assumed that this
technology could be useful for breath research and
the non-invasive diagnosis of illnesses [2].
Nowadays, SIFT-MS is wused effectively an
analytical mass spectrometry technique that
provides rapid identification and quantification of
trace amount of gases in air and human breath. This
technology is offered for real-time analysis of trace
concentrations of VOCs, which normally present in
the vapour phase at room temperature, and some
inorganic gases [3].

SIFT-MS has been applied in many areas,
including food science, environment, medicine, and
health and safety practice. The applications of this

* To whom all correspondence should be sent.
E-mail: syonak@uludag.edu.tr

technology is not limited with fruit and vegetable
flavors, also this technique can be used in detecting
levels of hazardous toxic chemicals in shipping
containers, in rumen gas, research on diagnosis of
volatile markers of infection and tumors in urinary
headspace, and screening urine [4]. Ability to
simultaneous measurement of the concentrations of
many compounds in a single sample without
chromatographic  separation make SIFT-MS
preferred for VOCs measurements [5].

OVERVIEW OF SIFT-MS

The operation of a SIFT-MS instrument is to
determine the Kkinetic parameters of an ion-
molecule reaction, which helps to determine a
reaction rate coefficient and the product ion
branching ratios. Francis [2] clearly explained the
reactions during SIFT-MS operation. The basic
principle of SIFT-MS is soft chemical ionization.
An external ion source produces selected ions as
HsO", NO* and O;*, and forwards them to the ion
injection orifice separately. Reagent ions do not
react with air, N2, O,, Ar, CO; and water vapour
[4], despite those ions react with most other gases
and vapours [6]. These ions move through a flow
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Fig. 1. Scheme of SIFT-MS [10].

tube carried by helium as a carrier gas [7]. Sampled
air or reactant gas is injected into the flow tube via
the inlet port and travels in the flow tube with the
inert carrier gas at a known flow rate [8]. Trace
gases in the sample react with precursor ion and
generate product ions [7]. Product ions are detected
by the quadrupole mass spectrometer and the target
gas concentration can be calculated by using the
reaction rate constant (k value) and product ion to
precursor ion rate of the specific volatile
compounds [8, 9]. The concentration [M] of
selected volatiles is calculated using the product
count rate (Ip), reaction rate constant (k), precursor
ions count rate (1) and reaction time (t) as follows:
[M]=Ip/1kt [9].

Schematic of SIFT-MS is shown in Figure 1
[10].

OTHER ANALYTICAL TECHNIQUES FOR
VOCS

There are different types of instruments exist for
measuring VOCs in the air, headspace and breath.
The traditional analytical methods to measure
VOCs in the air and the headspace mostly require
an isolation step before identifying the compounds.
Some of the isolation methods used in previous
studies is extraction, distillation, dynamic
headspace, solid phase micro extraction (SPME),
and liquid-phase micro extraction (LPME) [11-16].
To determine the VOCs in the breath requires real
time measurements; therefore extraction step
should be eliminated. In this  respect,
instrumentation that will be chosen need to be
suitable for real time measurements.

Gas chromatography (GC) was used for
separation and identification of compounds [14,16]
equipped with Mass Spectrometry (MS), Flame
lonization Detector (FID) [12,17], Electron Capture
Detector (ECD), Photoionization Detector (PID)
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[18], Flame Photometric Detector (FPD) [5,20],
Nitrogen Chemiluminescence Detector (NCD) and
Sulfur Chemiluminescence Detector (SCD) [21,22].

Proton transfer reaction mass spectrometry
(PTR-MS) is a newly developed technique, which
allows rapid detection of aroma compounds in
alcoholic beverages [23], breath analysis of banana
aroma during eating [24], breath profile of smoker
and non-smokers [25]. This technique was
developed for on-line gas monitoring [26]. PTR-
MS also used in chemical ionization (CI)
techniques for detection of ionizing molecules with
minimum fragmentation [27]. CI offers high
sensitivity when the primary ions have enough time
to react with the neutral compounds. PTR-MS
instruments have recently incorporated linear and
quadrupole ion traps and time-of-flight mass
spectrometers (TOF-MS) for greater compound
specificity. TOF-MS is well designed to give
accurate mass data; however, a TOF tube does not
give data associated with structural isomers [28,29].

Since there was interconnection between
quantities of reacting species and reaction time,
atmospheric pressure chemical ionization (APCI)
systems have been developed [30]. Atmospheric
pressure chemical ionization mass spectrometry
(APCI-MS) is another technology which was
developed to monitor aroma compounds in the
breath during eating®. These two techniques use
soft chemical ionization with the H3O" as a reagent
ion to monitor volatile organic compounds. APCI-
MS was used for quantification of acetic acid,
formic acid and furfural, which were biomass
degradation products, within pretreated wheat straw
hydrolyzates and bioethanol formation during
fermentation®. While APCI-MS requires minimal
sample preparation, results were found similar with
high-performance liquid chromatography (HPLC)
analysis.
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All of these instruments have advantages and
disadvantages. For example, instruments based on
gas chromatography have the potential to analyze
and quantify a large variety of molecules
concurrently, with high sensitivity and specificity.
However, some chromatographic techniques are
allowed to sample loss during pre-concentration of
the air.

Chemical ionization technigues can achieve high
time resolution but some molecular species are
difficult to identify and separate [33].

SIFT-MS APPLICATIONS IN FOOD
SCIENCE

In food science, several fruit and vegetable
studies of VOCs focuses on formation of
Lipoxygenase  (LOX) derived compounds.
Monitoring the real time changes is essential to
show quick formation of these compounds during
ripening, storage or after tissue disruption. Studies
showed that the concentration of (Z)-3-hexenal
which is produced during the decomposition of 13-
hydroperoxides of linolenic acid by LOX and
hydroperoxide lyase in the LOX pathway [34]
increased to a peak level in 3 min after tissue
disruption by blending in tomatoes and tomatillos
[35,36]. Also the concentration of (E)-2-hexenal,
which is formed from the isomerization of (2)-3-
hexenal by cis/trans-isomerase in the LOX pathway
[37,38], increased and reached peak level slightly
later than (Z)-3-hexenal in tomatillos, tomatoes
[39], jalapeno peppers [40], and strawberries [41].

The concentration change of volatile compounds
during blanching, refrigerated storage, frozen
storage and thawing was studied in jalapeno
peppers [40], and strawberries [41]. The effect of
ripening stage on volatile formation was studied in
strawberries [41]. In early ripening stage, the
concentration of LOX-derived volatiles was high
and fruity esters were low, oppositely in last stage
of ripening, reverse results were observed.

While this technology offers real time
monitoring, some studies focused on volatile
change in mouthspace during chewing and after
swallowing. While concentrations of tomatoes and
strawberries’ volatile compounds increase in the
mouthspace and nosespace during chewing,
consumption of some foods, such as water, milk,
and sodium caseinate solutions, can reduce volatile
levels in the mouth, including malodorous garlic
breath [42]. The Maillard reaction is also
responsible for the formation of many volatiles.
Real time formation of alkylpyrazines, aldehydes,
acids, alcohols, esters, and ketones were easily
measured during roasting with SIFT-MS [43].
Formation of many volatiles were peaked after 15
min. of cocoa roasting then decreased. Also volatile

formation increased with increasing temperature
and peak time was shortened with decreasing pH
during roasting. Both roasting and drying increase
the formation of furan compounds in cocoa and
carrots [43,44]. Langford et al.[45] compared the
headspace VOCs concentrations of New Zealand
cheeses marketed as parmesan, Italian Parmigiano
Reggiano and Grana Padano cheeses in real time
without any sample pre-concentration.

APPLICATIONS IN OTHER AREAS

SIFT-MS has been applied in many areas,
including environment, medicine, and health. Some
VOCs in exhaled breath are an indicator of non-
invasive disease [5,8,46,47]. SIFT-MS techniques
can be used in biological researches, which help to
determine several metabolites in breath such as
isoprene, ethanol, acetone and ammonia [48,49].
Monitoring these compounds by SIFT-MS, give an
insight about the health condition of patient.
Isoprene is a non-invasive marker of endogenous
cholesterol in human breath and may help diagnosis
of coronary artery disease as a result of increased
cholesterol levels [50]. Also isoprene and ammonia
are countable as markers of end-stage renal failure
[51]. Measuring compounds concentration can be
helpful to identify specific bacteria in the headspace
of blood or urine sample [52], which can be helpful
to identify antibiotics for target microorganism.
Boshier et al. [53] used SIFT-MS to analyze trace
gases within the breath of anaesthetized patients.
This study showed the utility of on-line breath
analysis during surgery for the monitoring of
endogenous metabolites, anaesthetic gases and
potential biomarkers of metabolic and oxidative
stress during operation. Smith et al. [54]
investigated the production of acetaldehyde from
cancer cell lines (specifically the human non-small
cell lung cancer cell lines SK-MES and Calu-1) in
vitro and found that concentration of acetaldehyde
in the headspace was proportional with the number
of cancer cell lines in the environment. Another
study focused on presence of formaldehyde in the
headspace of the urine from the cancer patients.
Spanel et al. [55] resulted that patients with bladder
and prostate cancer had higher formaldehyde
compared with urine from the healthy controls.
Spanel and Smith [56] quantified trace levels of
formaldehyde, acetaldehyde and propanol, potential
cancer biomarkers, in breath by SIFT-MS. Smith et
al. [57] determined ammonia, nitric oxide, acetone,
ethanol and methanol which are the major volatiles
in the urine. Abnormal levels of these compounds
cause suspicions about alkaline urine, acidic urine
or bacterial infection.

SIFT-MS is used for identifying dominant gases
as hydrogen sulfide, methyl sulfide, and dimethyl
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sulfide, in the rumen headspace [58]. Exhaust gas
mixture was analyzed with SIFT-MS and found that
aliphatic and aromatic hydrocarbons, aldehydes,
ketones and alcohols were present with their
fractions in both petrol and diesel engines [59].

CONCLUSION

Distinction of SIFT-MS from the other mass
spectrometry analytical techniques is analyzing of
VOCs in real-time without the requirement for
calibration curves to calculate or determine analyze
concentrations. It quantifies VOCs based on the
ratio of product ion count to reagent ion count [5].

The advantages of SIFT-MS over other
analytical techniques are detection of ppt level
volatile by volume level, in real-time ambient air
monitoring  without any required sample
preparation, and the direct analysis of moist
samples. This technique allows to determine breath
volatiles in real-time during eating and swallowing.
Also determining of trace gases as a marker of
cancer cells is beneficial to track metabolic activity
both in vitro and in vivo [54], in addition to this,
SIFT-MS technique may be used to predict early-
stage tumors in the body as a non-invasive indicator
in the near future [55].

However, the challenges of this technique are
conflicts in  compound identification and
quantification between ionized fragments with the
same molecular weight. SIFT-MS is in the early
stage of development and further applications in the
above-mentioned areas of researches and
applications will be come out. With the continued
progress to the SIFT-MS instrumentation and
methodology, the new features of the technique
become more widely applicable in other areas of
researches.
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BbP3 MOHUTOPHUHI HA JIETJIMBU OPTTAHMYHU KOMITIOHEHTU: SIFT-
MACCIIEKTPOMETPUA

I'. Mo3mxan Cunnp, C. Cyna*, JIx.E. Tamep
Yuusepcumem na Ynyoae, @axynmem no cencko cmonaucmao, bypca, Typyus.
[ocreruna va 17 romm, 2014 1.; npueta Ha 10 nexemspu, 2014 .

(Pestome)

SIFT-mac-ciektpometpusta (SIFT-MS) e aHanuTHYHA Mac-CIIEKTPOCKOIICKA TEXHHKa, KOSATO mMpemiara Obp3a
I/II[CHTI/I(bI/IKaHI/ISI N KOJHMYCCTBCHO OIPCACIAHC B p€AaIHO BpPpEME€ Ha ra3oB€ BBHB Bb3JyXa WU YOBCHIKM IbX, IOPHU U B
CIydanTe Ha HE3HAYMTEIHO KOJIMYECTBO Ha Ta3za. Ta3W TEXHOJIOTHS CE H3IMOJI3Ba 32 OBP30 M3MEpBaHE Ha JICTIUBU
OpraHWYHU KOMIIOHCHTH M HsKOM HeopranuvHu rasose. SIFT-MS moxe na ce mpuiara B Haykata 3a XpPaHEHETO,
OKOJIHAaTa Cpefa, MEAMIIMHATA, 3paBeoNa3BaHETO M TEeXHUKaTa 3a Oe3omacHocT. B Haykara 3a XpaHeHeTO ca
NIPE/ICTaBEHH PEHLA H3CIICBaHUS Ha JICTIMBH KOMIIOHEHTH B IUIO/IOBE U 3€JICHUYLH, SI/IKH, KAKA0 U KaKaOBH JIMKbOPH.
[TputokeHnsiTa Ha Ta3y TEXHOJIOTHS MTO3BOJISIBA aHAJIN3 Ha BB3JyXa B CIEAHUTE O0JIACTH: ONACHU TOKCHYHHM XMMHUKAIN
B KOHTEHHEpH 3a TPAaHCIIOPTHpaHe, HEMHBAa3MBHA JMAarHOCTHKA Ha 3a00JsIBaHUATA Ype3 JIbXa, aHaJIW3 U CKPUHUHT Ha
YpHHA 32 HUBA Ha TOKCUYHH CHhEIMHEHUS Ha PaOOTHUIMTE. 3a MPEAUMCTBATA Ha Ta3W TEXHUKA CE CUYMTAT OTKPHBAHE HA
ppt HMBA Ha JICTIMBHM OPTaHWYHHW KOMIIOHEHTH, HAOJIOJICHHE B pealHO BpeMe Ha aTrMoc(hepHHs BB3AyX 0e3 HHKaKBa
MOJIrOTOBKA Ha MPOOHTE M Ha NPSK aHAJIM3 Ha BIaKHH NMPpoOu. Bhrpekn ToBa, NpeM3BUKATEIICTBA HA MPUIOKEHUE HA
METOAa Ca TPYAHOCTU B I/I}IGHTI/ICI)I/IKaLH/IﬂTa U KOJWMYECTBCHOTO XapaKTCPU3BHPAHC Ha XWUMUYHU CBCIUHCHUA U
HOHM3MpPaHU (PParMEeHTH ChC ChIAaTa MOJICKYJTHA Maca.

Ienta Ha HacTOSAIIMA 0030p € MPEACTAaBIHETO HA €JHA HOBAa TEXHOJIOTHS 3a W3MEPBAHE HA JICTIMBU OPTaHUYHU
CBEIMHEHNS W 3all03HABaHE C pE3yATaTUTE OT HAKOM H3CIEeIBaHUSA, KOWTO aaBaT MH(opmMaims 3a obiacTtra Ha
npuitoxkenns: Ha SIFT-MS B Haykata 3a XxpaHaTa W B ApPYrH oOJacTH 3a aHAIW3 HA CJIEAM OT Ta3 BbB BB3/yXa,
N3JWIIBAHWA OT YOBEKA BB3AYX U MAPUTE B rOPHATA YaCT HA KOJIOHHU C TCYHOCTH.
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Whey as a relevant dairy by-product is still not used in completely effective way, not only in the Czech Republic.
There is the possibility of typical whey cheese production as mainly in the Scandinavian countries. Experimental whey
cheeses were made according to the experimental recipes. Samples were evaluated by a sensory evaluation and texture
analysis. The most sensory acceptable (P < 0.05) was the sample with the addition of caramel. Changes of consistency
of cheese samples during storage were detected. The result was the increase in hardness as confirmed by sensory
analysis and instrumental measurements. Hardness of all produced whey cheeses was significantly affected by raw
material and production technology. Following this model experiment will continue further research, particularly
stabilization ratio of ingredients and verification of selected recipes for sensory panel.

Key words: dairy product, sensory evaluation, texture, hardness

INTRODUCTION

In the Czech Republic like everywhere in the
world, whey remains in large volumes from the
cheese production. It is still not completely solved
this problem with this dairy by-product. One of
possible utilization is the whey cheese production.
Moreover to the better known Ricotta, whey can be
processed into the form of a brown caramel cheese
typical and known especially in the Scandinavian
countries. Their different names depend on the
region or country of origin. In Norway, e.g. Mysost
is made from the whey cows and Gjetost from goat
whey, while Mesost is typical for Sweden [1].

The lactose caramelisation and whey protein
coagulation are typical for the production of these
brown whey cheeses. Steam is the sole resulting by-
product. The highly concentrated whey arises and
other ingredients, such as cream or milk, can be
possibly added. Evaporation, stirring and cooling
are the main technological processes [2,3]. Brown
whey cheeses are mostly of rectangular shape, rind-
less, characterized by a distinctive sweet and
typically caramel flavor, aroma reminding fine
caramels, and by rougher texture [2,4-6].

The texture is regarded as one of the main
cheese quality attributes and plays an important role
as a determinant of the final use of the cheese, as
well as for the consumer acceptance. Various
cheeses are characterized by different textures.
Therefore, different predominant attributes of

* To whom all correspondence should be sent.
E-mail: jana.tepla@mendelu.cz
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texture are expected at each type of cheese. E.g.
Mozzarella cheese is "fibrous" or "elastic" and
Parmesan is "friable", etc. Among the most
commonly used terms to describe the cheese
structure or texture include hardness, adhesion,
fragility,  creaminess, friability,  chewiness,
cohesiveness, staleness, firmness, gumminess and
elasticity [7,8].

EXPERIMENTAL

All samples of cheeses were manufactured
according to the designed recipes in the laboratory
of Department of Food Technology (Mendel
University in Brno). They were used for the texture
and sensory analysis. The sample of goat whey was
used directly from the farm and was not subjected
to any heat treatment. Whey was vaporized in the
amount specified in the recipe up to the desired
pasty consistency. The resulting paste was cooled
and then evaporated again. After achieving of
optimal consistency, resulting paste was put into
plastic containers and stored in a refrigerator at a
temperature of 7 °C. The samples were divided
according to the designed recipe into three groups —
the samples with addition of cream (No. 3, 4, 7, 8),
samples without addition of cream (No. 1, 2, 5, 6)
and samples flavored with various ingredients (No.
9 — 25). To produce the samples without the
addition of cream, 2.6 | of goat whey was used
(samples No. 1, 2, 5, 6). To produce samples with
addition of cream, 0.17 | of cream was added to
whey (samples No. 3, 4, 7, 8). According to the
same recipe, to produce samples variously flavored,
these ingredients were chosen to be added into goat
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whey: vanilla sugar (No. 9); apples with cinnamon
sugar (No. 10); dried prunes (No. 11); chocolate
with cream (No. 12); extract of dried sweet
marjoram (No. 13); plum butter and poppy seeds
(No. 14); extract of wild garlic (No. 15); bananas
with cinnamon sugar and cream (No. 16); prunes
and cream (No. 17); dried cranberries with cream
(No. 18); light brown caramel (No. 19); chocolate
(No. 20); medium brown caramel (No. 21);
sweetened condensed cream (No. 22); chocolate
and dried prunes (No. 23); dark brown caramel
(No. 24); and caramel with chocolate (No. 25).
Overall, it was therefore analyzed 25 samples of
whey cheese — 4 samples with the addition of cream
(No. 3, 4, 7, 8), 4 samples without the addition of
cream (No. 1, 2, 5, 6) and 17 samples flavored with
various ingredients (No. 9 — 25) in order to find the
most organoleptic acceptable one. For the sensory
evaluation of the appearance of the entire sample,
whole loaf of cheese was used. 10 g of the samples
were evaluated by eight assessors (with ISO 8586-
1) in the sensory laboratory (under conditions 1SO
8589). Sample of cheese was given to the
evaluators on a white porcelain plate 15 minutes
after removing from the refrigerator. To ensure the
anonymity of the samples, four-digit codes were
used. Milk was used as a neutralizer. Following
descriptors were monitored: overall pleasantness of
appearance, color, uniformity in coloring, overall
pleasantness of smell, intensity of caramel smell,
typical cheese smell, foreign smell, goat smell,
hardness, spreadability, sandiness, friability, the
overall pleasantness of taste, flavor intensity of
sweet, salty, caramel, cooked, foreign taste and goat
taste. Evaluation was based on unstructured
graphical scale with a length of 100 mm with a
verbal description of the extreme points. When the

higher value of the descriptor was detected, the
more positive evaluation was estimated. Texture
analysis of produced samples was performed in the
7" day after the production. The samples were left
for 30 min at room temperature before the
measurement. Determination of selected textural
properties was performed by the universal testing
machine. The penetration test was used for the
determination of the hardness of whey cheeses.
After the sensory evaluation, the most sensory
acceptable whey cheese was sample No. 21.
Therefore, this sample was analyzed (texture and
sensory analysis) for longer time period — every
seventh day for 6 weeks (71", 14", 21%, 28, 35" and
42" day). All data were analyzed using the
software program Unistat 5.1 by the analysis of
variance (ANOVA) with multiple comparisons
followed by Tukey’s test.

RESULTS AND DISCUSSION

Sensory evaluation of whey cheese has detected
no statistically significant difference (P > 0.05)
within all descriptors characterizing flavor and
aroma between samples with or without added
cream. Thus, the addition of cream recipe has no
effect on the taste and smell of the products. In both
groups of samples, there was identified high
intensity of salty taste which was not accepted as
positive characteristic by the evaluators. Such
excessive salty taste may be caused by whey
because most of the minerals of milk in cheese
production are transferred to whey. Statistically
significant difference (P < 0.05) was not observed
at descriptor of coloration uniformity. It was the
most frequently detected by evaluators as creamy
yellow color within the both groups of samples
(with and without the addition of cream).

Sample of whey cheese

0 5 10 15 20 25 30 35 40 45 50 55 60 65 0

Hardness [N]

Fig. 1. Instrumental determination of hardness of whey cheeses.
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Table 1 shows results of sensory evaluation of
the data obtained from sensory questionnaires. Due
to the high intensity of the salty taste of produced
whey cheese, which was perceived negatively, it
was necessary to adjust production technology and
upgrade existing recipes using different ingredients
that are listed in materials and methods. Whereas
the each sample was made according to a specific
recipe, it was not possible to statistically compare
obtained results of flavored whey cheeses, because
of its distinctive taste. The values of hardness
determined by penetration test are shown for
individual samples of whey cheeses in the Figure 1.

Sample with medium brown caramel (No. 21)
was the most acceptable according the evaluators.

For this reason, it was analyzed during storage in
detail with sensory and texture analysis. The results
in Table 2 and Figure 2 show changes in
consistency of the cheese samples (No. 21) during
storage. These data are in increasing the hardness of
the sample. The highest difference in hardness was
noticeable between the 7th and the 14th day of
storage when the hardness value increased
approximately 3 times. Significant increasing
hardness was slowed after three weeks. This was
compared with the results of sensory analysis.
There is the significant positive correlation between
these methods. Sample (No. 21) was the most
acceptable in the fourth week of measurement.

Table 1. The sensory evaluation of whey cheeses produced according to recipe with or without the addition of cream
(mean +/- SE).

Descriptor

With

Without cream P

cream

Overall acceptance of appearance
Coloring uniformity

Overall pleasantness of smell
Intensity of caramel smell
Intensity of typical cheese smell
Intensity of goat smell

Intensity of foreign smell
Hardness

Spreadability

Sandiness

Friability

Overall pleasantness of taste
Intensity of sweet taste
Intensity salty taste

Intensity of caramel taste
Intensity of goat taste

Intensity of foreign taste

61.72+£3.93 63.25+3.41 SN
81.99+2.82 84.48+2.73 SN
69.18+3.13 75.63+£3.87 SN
41.68+£5.36 50.92+4.79 SN
38.54+4.89 39.20+4.42 SN
17.08+3.57 16.33+3.34 SN
93.77+2.64 96.38+1.61 SN
48.37+3.61 52.00+4.48 *
57.81+3.32 54.70+5.13 SN
56.09+5.84 67.65+4.87 *
66.64+4.72 74.48+3.90 *
47.72+4.87 55.50+4.45 SN
49.28+4.46 53.33+4.79 SN
32.78+4.35 33.79+4.55 SN
53.23+4.29 55.24+4.50 SN
74.85+4.72 75.03+£5.28 SN
93.75+2.34 92.97+2.45 SN

SN - statistically non-significant (P>0.05);
* — statistically significant (P<0.05)

Hardness of sample No. 21

18

Storage [days]

16
14
12
10

[ Sensory analysis

Hardness [N]

6 B Instrumental analysis

Fig. 2. Comparison of hardness of sample No. 21 determined by instrumental and sensory methods during
storage.
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Table 2. Comparison of hardness of sample No. 21
determined by instrumental and sensory methods during
storage (mean +/- SE).

Duration of Hardness of sample No. 21
storage Instrum Sensory
[days] ental analysis [N] analysis [%]

7 2.65+0.152 45.3+8.3¢2
14 9.44+1.01° 58.24+8.0%®
21 11.23£1.22% 60.9£9.0%
28 12.58+1.01°¢ 67.1£8.9°
35 14.52+0.91¢ 69.2+7.7°
42 16.53+1.15¢ 75.4+9.8b

ab.¢.d_ means between rows with different superscripts
indicates statistically differences (P< 0.05)

CONLUSION

The assessors did not notice the difference in
taste and smell of the samples produced by
designed recipe with or without the cream addition.
The intensity of the salty taste of these two groups

Regarding mentioned facts, it was necessary to
modify and upgrade the technology of existing
recipes using various additives in order to reduce
the salty taste of the produced whey cheeses. From
these samples, the most acceptable one from a
sensory point of view was the sample with the
addition of medium brown caramel (No. 21). For
this reason, this sample was analyzed by
instrumental and sensory method during longer
period of time and the results show significant
changes in consistency of the product during
storage, which resulted in an increase in hardness
with the ideal values around the fourth week of
storage. Hardness of produced whey cheese was
significantly affected by raw materials and
production technology. On this model experiment
will be followed by further research. In this
research will be selected a few recipes which will
be tested by consumers.
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CEH30PHA U UHCTPYMEHTAJIHA OLIEHKA HA CUPEHE OT CYPOBATKA
S. Tenna®, 1. Ctprkosa, 111. Hemomosa, K. Illyctosa, M. FO3n, T. Jlyxosa

Karexnpa mo xpanutenna texnonorus, Mennen Y HuBepcuteT B bppHo, Uexcka pemyOnmka
Tocrprmna wa 19 arycr, 2014 r.; mpuera Ha 25 gekemBpH, .2014 T.
(Pestome)

CypoBaTkara € MJIe4eH BTOPHYEH IPOAYKT, KOHTO He camo B Yemkara pemyOinnka Bce OIe HE Ce H3I0J3Ba
noctarbyHo edektuBHO. [naBHO B CKaHIMHABCKUTE CTPAaHU CBIIECTBYBa BB3MOXKHOCT 3a IIPOM3BOJCTBOTO HA
XapaKTepHO CHUpEHe OT CypoBaTka. HampaBeHH ca eKCIIEpUMEHTAJIHHW CHpPEHa OT CypoBaTKa CIHOpEel pelenTara,
cp3nanesa or MEHJIEJIY. OOpasuure ca OLEHEHH MOCPEACTBOM CEH30pPEeH M TeKkcTypeH aHanu3. C Hali-Bucoka
cenzopra mnpuemauBoct (P < 0.05) OGemre oOpazensT ¢ nmoOaBka Ha Kapamen. bsxa 3a0ens3aHd TPOMEHH B
KOHCHCTCHIIMATA Ha CHpEHATa [0 BpeMe Ha ChbXpaHeHHeTo. Pe3ynTarsT Oemre yBenmyaBaHe Ha TBBPAOCTTA, KOETO Oemre
MOTBBPJCHO OT CEH3OPHHS aHATU3 M WHCTPYMEHTATIHOTO M3MepBaHe. TBBPAOCTTa HA BCHYKH NTPOU3BEICHN CHPEHA OT
cypoBarka OeIre 3HAYMTEIHO MOBIUSHA OT CypOBHHATa M TEXHOJOTHATAa HA MPOM3BOIACTBO. CienBalfky OIHMCaHUS
MOJIEJTICH EKCIIEPUMEHT, OBACHIIMAT eKCIIEPHIMEHT I1Ie¢ BKJIIOYBA IJIABHO ONTHMU3MpPAHE Ha ChCTaBa M BepHUHKanus Ha
n30paHu penenTy 3a CeH30PEeH MaHel.
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Application of Black Sea sapropels for increasing of grain beans yield cv. “Smiljan”,
cultivated on cinnamonic pseudopodzolic soil (Planosol)
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In the period 2012 — 2013 was studied the effect of application of deep water Black Sea sediments (sapropels) for
recultivation of acidic cinnamonic pseudopodzolic soil (Planosol) [CPS (Planosol)], used for growing of beans for
grain, cv. “Smiljan”. The results obtained showed that in an amount 20 g/kg, the sapropels (Variant 1) neutralize the
acidity of CPS (Planosol) from 4.53 to pH 6.87 after incubation period of a month and to pH 7.05, 7.12 and 7.27
respectively after 2, 3 and 4 months incubation. The sapropels increase the content of humus in the used soil from 6.7 to
11.2 g/kg and the content of CaCO3; from 0.22 to 1.46 g/kg. At Variant 1 the grain yield was 33.2 % more higher,
compared to Control. The content of crude protein increases with 12.8 % and the content of phosphorus in the grain —

with 1.1 % more, in comparison to Control.

Keywords: Organic-mineral sediments, soil acidity, crude protein, dry matter

INTRODUCTION

The grain legumes collections are the richest
group in plant world, with their economic value and
dissemination they take second place after cereals.
They supply about 20 % of total fund of plant
protein. The seeds are 2 to 5 richest of proteins
compared to cereals, and most of them consists
between 20 — 35 % crude protein. Beans (Phaseolus
vulgaris) according to Terziev et al. [1] as a cultural
plant is well known since ancient times. Mature
seeds of beans are valuable food for humans
because of its high content of protein, amino acids,
carbohydrates, minerals, vitamins B, C and others.
Beans is a strategic food because its seeds can be
stored for years without losing their nutritional
value. The legumes are for a big importance for
agriculture as trench culture, because they enrich
the soil with nitrogen. According to Crepon [2]
bean protein is easily assimilated by the human
body, unlike those of meat foods for which the
degradation toxic products cause pathological
changes in human organism. Bean seeds are a
source of valuable amino acids for the human body.
Beans is included in the diet of people suffering
from various diseases - cardiovascular, diabetes,
etc.

* To whom all correspondence should be sent.
E-mail: oridel@abv.bg

In our country areas and production of beans are
concentrated mainly in northeastern Bulgaria, but is
also is grown in other areas, including on acid soils
that are not favorably for its cultivation. The
optimum soil pH lies in neutral and weakly alkaline
medium. So that is needed the acidic soils to be
neutralized with appropriate ameliorants. As such,
currently are used various lime ashes, lime cream,
calcium carbonate and others. A disadvantage of
these ameliorants according to Dimitrov et al. [3]
may indicate that they do not provide long-term
stabilization of pH, because of an absence of
buffering capacity.

According to Koteva et al [4] from about 46
millions da cultivated agriculture lands in Bulgaria,
3.5 millions are classified as strong acidic (pH 4.1 -
4.6), and 4.6 - 5.0 millions — as acidic soils (pH 4.6
- 6.0) as a consequence of long standing using of
nitrogen fertilizers, acidic rains, waterlogging
related to reduction processes etc., leading to
destruction of the soil structure and low yields. In
fact more than 8 millions decares lands need a
chemical recultivation.

The Black Sea organic-mineral sediments
(sapropels) according to Dimitrov et al. [5] in
agreement with Bmins [6] represent an unique
natural phenomena, having no analogue between
the sediments found in other watersheds on earth.
During last years they are a subject of special
research, because of the opportunity for application
in several aspects of agriculture. The soil fertility
according to Petrova [7] depends on the content of
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nutrients, pH of the soil solution, the soil structure,
irrigation regime etc. According to Nikolov et al.
[8] the introducing of sapropels in acidic soils leads
to increasing of soil buffering capacity and
enriching of exhausted soils with useful for the
plants nutrients and organic matter. The sapropels
are widespread on the Sea bottom at a depths 1200
— 2000 m and in fact are practically inexhaustible.
An important their advantage according to Shnukov
et al [9] in agreement with Dimitrov [10] is that
they are completely sterile, because of their
forming in non-living hydrogen sulphide zone on
the sea bottom.

The aim of present work was to study the
opportunity to use Black Sea sapropels for
increasing the grain yield of beans cv. “Smiljan”,
cultivated on the acidic soil CPS (Planosol).

EXPERIMENTAL
Elemental analysis

Sample sapropels, taken from a depth 1200 m
was analysed for a content of Si, K, P, Ti, Al, Ca,
Na, as well as some micronutrients, as Fe, Mn, Mg,
Cr, Mo, Cu, and heavy metals Zn, Ni, Pb. They
were determined in the form of oxides. An
inductively coupled emission spectrometry (Jobni
Yvon Emission - JY38S, France) was used. The
guantitative measuring was carried out with
apparatus ICP.

Neutralization of Planosol.

For preparing of the trial parcels, acidic CPS
(Planosol) from the area of Zlatosel village
(Plovdiv district), taken from deep horizon 0 - 40
cm was mixed with sapropels at amounts 20 g/kg.
After pouring on with water, samples were left for
incubation. The samples were periodically filled up
with water and mixed. Parallel was prepared two
control parcels with CPS. During a month of
incubation period, the beads were closed to avoid
an access of atmospheric air. After incubation
period of 1, 2, 3 and 4 months at a temperature 303
K were determined pH of the detached varieties in
water medium by pH-meter, model OP-211/1 (ISO
10390). Parallely were established the pH value of
sample sapropels.

Determination of exchange ions, humus content
and calcium carbonate.

The content of exchange ions - Ca?*, Mg?*, AP
and H* was determined by standard method! in
extract of 1n KCI. The humus content of CPS
(Planosol) in the soil horizon 0 - 40 cm, as well as
in the soil-sapropels mixtures and in sample pure

sapropels was determined by the method of Turin.
The content of active calcium carbonate was
established by the method of Druino and Gale [11].

Field experiment.

Bean seeds were sown on the 15" of April in
four replications of 12 plants in two trial parcels,
every of them with surface 1 m2 Parralely were
sown bean seeds in four replications on the two
control parcels with the same surface. There were
made all necessary agro technical activities.
Feeding with NHsNO; in the both variants was
made twice at a dose 4 g for a plant, as the first was
at the 30™ of April in a phase 3™ - 4" leave and the
second - at the 15" of June in phase flowering. The
beans plants at Control and Variant 1 were grown
by the same irrigation regime. For the normal
development of bean plants was used wire structure
with a height 3 m. Picking of grain harvest for the
two investigated years was made at the 15" of
November.

Analysis of beans grain

After the end of vegetation were determined the
following indicators of beans grain: absolute dry
matter by the weight method, weight of 100 bean
grains, total yield of grain, kg/da. The content of
crude protein was calculated on the base of nitrogen
content, multiplied by coefficient 6.25. The content
of nitrogen was determined by Kjeldhal method
with apparatus “VELP UDK 132” (Jones 1991).

Statistical data analysis

The statistical processing of the obtained
experimental data from the two investigated years
was made with the program “BIOSTAT”.

RESULTS AND DISCUSSION

The data from the elemental analysis of
sapropels are shown at Tables 1 and 2. The content
of macro- and micronutrients was established,
calculated as oxides. The data show that content of
calcium — 154.6 g/kg, calculated as CaO is more
than its content in the most soil types. The content
of some other basic nutrients as Mg, Mn, Fe
exceeds their content in soils too. The rich content
of macro- and micronutrients as well as of organic
matter determines sapropels as a complex organic-
mineral fertilizer.

The experimental data for the content of
exchange ions in the samples are shown in Table 3.
It was established that the neutralizing ability of
sapropels used was most significant after the first
month of incubation — from 4.53 to pH 6.87 and
after that changes weakly reaching pH 7.27 in the.
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Table 1. Chemical composition of sapropels. Content of N, P and micronutrients.

Content of nutrients in sample Black Sea sapropels

Cr,03 MoOs ZnO MnO CuO NiO P N
glt glt glt olt olt olt a/kg o/kg
50 36.4 65.8 383.4 36.6 49.8 9.6 25.4

Table 2. Chemical composition of sapropels. Content of humus, micro- and macronutrients.

Content of humus and nutrients.in sample Black sea sapropels, g/kg

Humus

1 SiO2 TiO;

Al,O3 FeO MnO
2 397.6 7.0 117 45.6 0.4

MgO CaO NaO K0 lg/kg/
268 1546 213 183 68.6

Table 3. Exchange ions content and pH of CPS (Planosol) and soil-sapropels mixture.

Exchange ions after 1 month, mgeq/I

pH after months of incubation

Variants

Ca* Mg?* Ca*Mg?* AP H* 1 2 3 4
Variant | 41.7 227.3 65.4 - 6.87 7.05 7.12 7.27
Control 193.7 158.3 352.0 1012.3 4,53

end of four months incubation period. Sapropel
used has almost a neutral reaction — 7.28 pH units,
but as the main reason for pH change should be
noted the activation of exchange bases, in the
marine sapropels. pH change depends on the
content of humus and exchange ions. The presence
of organic carbon in the form of humic acids salts
immobilized in gel structures and exchange ions
(Ca?*, Mg?") in the sapropels composition, improve
the buffer ability of the investigated CPS
(Planosol).

The content of some nutrient nutrients and
compositions changes after incubation of sapropels
in the used CPS soil. The humus content increases
from 6.70 to 11.20 g/kg and CaCO; — from 0.22 to
1.46 g/kg. The content of P and N changes
insignificantly (Table 4).

Table 4. Content of humus, CaCOsz, N and P in CPS
(Planosol). (Planosol), sapropels and soil-sapropels
mixture.

N Variants Humus, CaCoOs, N, P,

B lg/kg/ lalkg!  lglkgl  Ilg/kg/
1 Variant1 11.00 1.46 728 3.84
2 CPS 6.70 0.22 730 3.80
3 Sapropels 68.6 62.2 4.50 4.00

The yield in the four trial replications and the
median value is represented on a Figure 1.

The most expressed difference was established
in the grain yield of beans — with 33.2 % higher in
Variant 1, compared to Control. At the second
place increases the content of crude protein in the
grain with 12.9 %, compared to Control, most
probably due to the imported with the sapropels
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nutrients in the soil — macro-, micronutrients, humic

substances etc. Another reason is the acidic soil

medium which is not favorably for growing of

legumes. There is not remarkable difference in

weight of 100 grains and dry matter between

variant 1 and Control — 1.02 % and 1.1 % (Table 5).
Grain yield of beans cv."Smiljan"

300
250
200 -
3
3 150 o Control
x @ Variant |
100 -
Legend
50 - 1-4 replications
5 - median value
D 4

1 2 3 4 s

Variants
Fig. 1. Grain yield (kg/da) in replications and median
value of beans, cv. “Smiljan”.

The differences between the Control and Variant
1 in the total yield are well warranted (Table 6).

The marine sapropels neutralize the soil acidity
of cinnamonic pseudopodzolic soil (Planosol) from
4.53 to neutral medium — pH 6.87 - 7.27 after 1 — 4
months incubation period by insignificant amount
of sapropels - 20 g/kg. It influents positively on the
final grain yield and the content of crude protein in
the grain.

The study show that marine sapropels could be
used as ameliorant and complex organic-mineral
fertilizer for acidic soils in order to optimize the
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yield and biochemical indicators of legumes, which

are sensitive to acidic soil reaction.

Table 5. Biochemical indicators and weight of 100 beans grains.

. . Dry matter, Crude protein,  Weight of 100 grains,  Total yield, P,
N Variants g/kg o/kg g kg/da a/kg
1 Variant | 879.6 253.8 109 215.2 10.53
2 Control 864.3 198.8 99 161.8 9.6
3  Difference 1.02 12.8 1.1 33.2 11

Table 6. Total grain yield of beans, cv. “Smiljan”.
Total yield,

Variants kg/da +D Rank
Control 152.05 0 v
Variant 1 235.4 +83.35 |
GD5% 9,82
GD1% 14.23
GD 0.1 % 21.34

REFERENCES

1. J. Terziev, Hr. Yancheva, Iv. Yanchev, T. Georgieva.
B. Yankov, R. Ivanova, |. Dimitrov, T. Kolev. Plant
Sci., Acad. Publ. House, Plovdiv Agric. Univ., p. 110
(2006) (in Bulgarian).

2. K. Crepon, Book of abstracts. 6" Eur. Conf. of Grain

Solakov. Amendment for soils and substrates, BG

Patent Ne 63868, 3 (2000) (in Bulgarian).

4. V. Koteva, N. Artinova. Soil Sci., Agrochem.,
Ecology, 28, 13 (1993) (in Bulgarian).

5. P. Dimitrov, V.Velev. Oceanology, 17, 92 (1988) (in
Bulgarian).

6. T. Bmins. OM GOR CNPM NAN, 258 (1994).

7. 1. Petrova. “Physics-chemical valuation and
recultivation of acidic soils”, Dissertation, Sofia,
(2008) (in Bulgarian).

8. N. Nikolov, N. Artinova, D. Dimitrov, Plovdiv Agric.
Univ., I11, 33 (2011). (in Bulgarian)

9. E. Shnukov, S. Kleshchenko, T. Kukovskaya. OM
GOR NNPM NAN, 34 (1999).

10. D. Dimitrov. Publ. House “Ongal”, Varna, 184

(2010) (in Bulgarian).

Legumes, 12-16 Nov., p. 5 (2007).
3. P. Dimitrov, N. Nikolov, N. Shaban, M. Kamburova,
C. Moskova, P. Zapryanova, D. Dimitrov, D.

MU3II0JI3BAHE HA YEPHOMOPCKHU YTAMKMU 3A YBEJINUABAHE JOBUBA HA ®ACVYJI
3A 3bPHO, COPT ,,CMWJIAH”, KYJITUBUPAH BbPXY KAHEJIEHA
IMICEBJOITOA30JIMCTA TTIOUYBA (Planosol)

H. C. HukomnoB

Aepapen Yuusepcumem, I1noeous, Bvicapus
[Tocrbnuna Ha 15 ronu, 2014 r.; npuera Ha 25 nexemspu, 2014 r.
(Pesrome)

B mepmoma 2012-2013 r. e wm3cnmenBaH e(eKTHT OT NPWIATAHETO HA IHIOOKOBOJHH UYEPHOMOPCKH YTaWKH
(campornienn) 3a peKyJITHBAIMS Ha KKcela KaHesieHa IceBaono3onucta noysa (Planosol), u3mon3Bana 3a OTIIIekKAaHE
Ha ¢acyn 3a 3bpHO, copT CmmisHcku. [lonydyeHuTe pe3yaratd Mokas3patr, ue B konmuectBo 20 g/kg, camporenute
(BapuaHT 1) HeyTpanu3upaT KHCEIMHHOCTTA Ha KaHeleHara rcesjaono3oiucta noysa (Planosol) ot 4.53 no pH 6.87
cien MHKyOalnoHeH nepuoj ot eauH mecer u 1o pH 7.05, 7.12 u 7.27 cvotBeTHO cnex 2, 3 u 4 Mecena HHKyOaIusl.
Canporienure yBeau4aBaT ChbP)KAaHUETO HAa XyMYC B M3IoJ3BaHaTa mousa ot 6.7 g/kg no 11.2 g/kg u cpabpxkaHueTo
na CaCOjz ot 0.22 g/kg mo 1.46 g/kg. Tlpu Bapuant 1 no6uBbT Ha 36pHO € ¢ 33.2 % MO-BHCOK, B CpABHEHHE C
KoHTponata . ChABPKAHUETO Ha CypOB IpOTeHH ce yBenndasa ¢ 12.8%, a ceappxanuero Ha ¢ocdop B 36pHOTO - €
1.1% noBeue, B cpaBHEHUE ¢ KOHTPOJIATA.
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Reducing the rate of nitrogen fertilization for growing of early tomatoes, cv. “Dar”,
using modified fertilizing granules
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Growing early tomatoes, cv. “Dar” on alluvial meadow soil (Calcaric Fluvisol) in non-heated greenhouses in the
period 2008 — 2009, the nitrogen fertilization was optimized, thank to introduction of modified granules, containing
ammonium nitrate, deep water Black Sea sediments (sapropels) and water swelling polymer. In variant I, using granules
coated with a polymeric layer of partially acetylated (20 %) polyvinyl alcohol (PVA-M), the early yield increased with
12.4 %, and the total standard yield increased with 11.9 % in comparison to control. Due to reduced fertilization rate
and once introduced modified granules, was realized economy of 12.5 % ammonium fertilizer. Ecological effect is
expected, due to decreased pollution of groundwater and tomato fruits with nitrates.

Keywords: Black Sea sediments, yield, modified granules, polymeric membrane, modified polyvinyl alcohol.

Abbreviations: SAS — surface active substances (surfactants)

PVA - polyvinyl alcohol,
PVA-M - modified PVA/,
Mm — median molecular mass

INTRODUCTION

The traditional methods of nitrogen nutrition in
many cases lead to number of unfavourable on the
environment phenomena. According to Koteva [1]
the long standing mineral fertilizing leads to
increasing of soil acidity, destruction of  soil
structure and lower humus content, especially by
using of ammonium nitrate. A part of ammonium
nitrogen can not be assimilated, due to evaporation
by decomposition of salt in the soil. According to
European Environment Agency the presence of
nitrates is a common problem for many European
regions. In many cities groundwater are
contaminated with nitrates. In regions with
intensive agricultural activities, nitrate content is
higher than the allowable 50 mg/l [2]. According to
Revich [3] the intensive feeding with nitrogen
deteriorates the quality of plant production, related
to changes in population health.

In recent decades, the Black Sea sapropels are
subject of special research, because of possibility
for their application in various aspects of
agriculture, related to increase of soil fertility. Their
origin according Dimitrov at al. [4], have started
after an ecological cataclysm.

As a consequence the more from the available
flora and fauna perished and formed 1-2 m
sediments on the sea bottom. An important motive
for studying of sapropels according to Bmins [5]

* To whom all correspondence should be sent.
E-mail: oridel@abv.bg

in agreement with Dimitrov at all, [6] and
Shnukov et all [7] is the favorable macro- and
micro- componential composition of sapropels.
Georgiev [8] has established that they improve the
agrotechnical properties of soils and stimulate the
growth of plants. Acording to Cholakov et all [9],
tomatoes do not tolerate high nitrogen fertilization
rates. Overdosing especially those fertilizers with
acidic character as ammonium nitrate, ammonium
sulphate, calcium nitrate etc. have a negative
environmental impact on soil and plant production.
It is recommended feeding to be realized by parts -
before planting the seedlings and twice during the
vegetation, According to Terziev et all [10] the use
of chemical fertilizers with acidic character leads to
progressive acidification of soils with poor
buffering capacity. Parallel to this is getting worse
their structure, leading to reduction in yields and
nitrate accumulation in plant production over
allowable concentrations.

As SAS many water-soluble and amphiphilic
polymers in the form of solutions are widely used
in the practice. The limited solubility of some
amphiphilic polymers in water make them suitable
for certain specific applications, such as adhesives,
coatings with membrane properties etc

According to Nikolov et al. [11] the Black sea
sapropels represent complex organic-mineral
fertilizer and ameliorant for various type of soils.
Thank to their buffering ability they can be used to
control acidity by soils with pH less 5.5. Using
fertilizing agents with acidic reaction the
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introduction of sapropels regulate the soil medium,
which is favorable, especially by sensitive to acidic
reaction crops.

The aim of present work was to reduce the rate
of nitrogen fertilization by growing of early
tomatoes, cv.Dar, wusing modified fertilizer
granules, containing polymers and Black sea
sediments (sapropels).

MATERALS AND METHODS
1. Elemental analysis

The content of some micro- and macro nutrients
was determined in sample sapropels, taken from a
depth 1200 m. K, P, Si, Ti, Al Ca, Na, as well as
some micronutrients as Fe, Mn, Mg, Cr, Mo, Zn, Mn,
Cu, Ni and the heavy metal Pb was determined,
(calculated in the form of oxides) The content of
the main nutrient nutrients N, P, K, Ca and Mg
(ppm) in the alluvial meadow soil was determined.
The inductively coupled emission spectrometry
(Jobni Yvon Emission - JY 38 S. France) was
used. The quantitative measures were carried out
with apparatus ICP. The humus content of sample
pure sapropels was determined by the method of
Turin ( Trendafilov et al., 2007)

2. Determination of pH and EC (mS/cm)

pH values (H;0) of the tested alluvial meadow
soil (Calcaric Fluvisol) was determined using pH
meter, model OP-211/1, (1SO 10390). Additionally
was determined electrical conductivity (EC) of the
tested soil (mS/cm) by EC meter, model SOPs.

3. Preparation of modified granules

For the purpose of the field experiment modified
granules tomatoes cv.”Dar” with the following
composition were prepared:

- 440 g/kg ammonium nitrate in the form of
clasical granules,
- 300 g/kg
polymer PVA-M

- 258.7 g/kg kaolin, (IUPAC Standard
InChl, with formula Al,OSi, and molecular weight
222.13).

The filler and sapropels were pre-screened
through a sieve of 1.0 mm.

The granulation was carried out by mixing and
injection (pressing), by using aqueous solution of
PVA-M with concentration 5 g/kg as an adhesive.
PVA-M represents partially acetylated PVA with a
rate of acetilating 20%. The starting PVA was with
Mmn = 73 000. After 24 h drying at room
temperature granules obtained were additionally
coated with a polymeric layer by immersion in
aqueous solution of the same polymer with
concentration 20 g/kg. The size of granules was in

Black sea sapropels and 1,3 g/kg

borders 9-10 mm (Fig.1). After drying they were
used for fertilizing of tomato plants at variant 1.

4. Greenhouse experiment

The two years experiment was carried out in
unheated greenhouse. Tomato plants cv.”Dar” were
planted at the 6™ of April in two variants, every of
them in four replications as follows:

1. Variant 1 - fertilizing with modified granules
containing sapropels

2. Control -
ammonium nitrate

The total number of tomato plants in the both
variants was 80, as every replication contained 10
plants. The four trial replications were separated
from both sides with 2 guardian plants, or for the
both variants - 16 plants. Planting of tomato
seedlings was conducted in two-roll band in scheme
90 +60 x30 cm. The plants were grown by
technology for early production. For irrigation was
used drop irrigation system.

The soil used was alluvial meadow (Calcaric
Fluvisol). Fertilization of the test plot with
superphosphate and potassium sulphate was done
with the last treatment at doses backing respectively
18 and 12 kg/da active substance.

Tomato plants were formed to one stem in phase
“Five wrist”. Fertilization at variant 1 was made
once during the planting of seedlings by
introducing of modified granules. There was
applied a reduced fertilization rate - 12 g
ammonium nitrate for plant, corresponding to 48
kg/da, calculated for 4 000 plants/da. In the
control feeding was performed three times with 15
g total amount ammonium nitrate for plant,
conforming to the 60 kg/da, as follows:

1. First feeding - a week after planting of
seedlings

2 .Second feeding - at the 15" of May in phase
flowering.

3 . hird feeding - at the 5" of June, by an
appearance of the first red tomatoes.

Two weeks after transplanting as a preventive
measure against attack of plant pathogens was
made treatment at variant 1 and control plants with
fungicide preparation ‘“Ridomil Gold”. Both
variants have grown under the same irrigation
regime by using drop irrigation system, with placed
nozzle at each tomato plant, including the guardian
plants.

traditional fertilizing  with

5. Statistical analysis.

The statistical processing of the obtained
experimental data from the two investigated years
was made with the program “BIOSTAT”.

117



N. Nikolov et al.: Reducing the rate of nitrogen fertilization for growing of early tomatoes ...

Table.1. Agrochemical analysis of Alluvial meadow soil, (Calcaric Fluvisol) , water extract and recommended

fertilization rates

pH EC Nutrient elements, ppm Recommended fertilizers, kg/da
deep horizon mS/cm NHiNO; Ca(H2P04)2.H,0 K2SO4
0-40cm N P K Ca Mg triple
superphoshate
6,72 0,14 15 41 32 28 18 20 20 30
Table 2. Chemical composition of sapropels. Content of N, P and micronutrients

No Chemical composition of sample Black sea sapropels
1 Cr03 MoOs ZnO MnO PbO, CuO NiO P N

git g/t git g/t g/t g/t g/t g/kg g/kg
2 50.0 36.4 65.8 383.4 28.2 36.6 49.8 9.6 25.4

Table 3. Chemical composition of sapropels. Content of humus, micro- and macronutrients

No Chemical composition of sample Black sea sapropels, g/kg Humus
1 SiO; TiO; Al,O3 FeO MnO MgO CaO Na,O K20 /g/kg/
2 3976 7.0 117 456  0.40 26.8 154.6 21.3 18.3 68.6

RESULTS AND DISCUSSIONS

The data for the agrochemical analysis of water
extract of Alluvial meadow soil used show that pH
value - 6.72 ( neutral medium) is favorable for
growing of tomatoes. The insignificant content of
mobile forms of N (15 ppm), P (4.1 ppm) and K (32
ppm) requires the soil used to be enriched
additionally with ammonium nitrate, triple
superphosphate and potassium sulphate (Table 1).

The data analysis for macro- and micronutrients
(Tables 2, 3) showed that some of contents in the
sapropels composition are more, than in soils and
substrates used for seedlings production of
vegetable crops. The content of macro- and
micronutrients was established, calculated as
oxides. The data show that for some important for
the crops vegetation micronutrients, such as Cr,
Mo, Fe, Mn, their content in sapropelles exceeds
many times the same in soils. The presence of CaO
is 154,6 g/kg, which is over the limits in
comparison to most soil types. The content of K,O
- 1,83 g/kg, MgO — 26,8 g/kg and some other
nutrients determine  the deep water marine
sapropels as a natural micro- and macro fertilizer.
The lost by heating at 1273 K, (table 2) is 199,7
g/kg, because of organic matter and carbonates.
Humus content according to Koteva et all (1983) is
an important factor for the soil fertilitybecause it
improves the nitrogen assimilation from theplants.
Sample used sapropels contains 68,6 g/kg humus
The content of heavy metals Zn, Ni, Pb is in
admissible borders (Table 2).

Fig.1 represents modified granules, containing
NHsNO;, kaolin, sapropels and PVA-M as
adhesive and film-forming substance on the granule
surface. The result obtained showed that the use of
granules coated with polymer membrane has a
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Fig.1. Modified nitrogen fertilizer granules with PVA-
M membrane

significant impact on economic productivity of
tomato plants. This effect was better pronounced in
the early yield of tomato fruit (Table 4). The
increase compared to control was 24.4% as
reported differences has good statistical reliability.
Data from Table 4 show significant change in the
proportion of early yield compared to the total
standard yield. Quantity obtained in the first three
harvest standard production was 40.5% of the total
amount harvested to the end of the harvest period.
Reliable method to include scheduled nitrogen
fertilizer in granules coated with PVA-M
significantly increase the total amount of the
resulting standard yield — with 12.0% compared to
control, although the application rate of fertilizer
was reduced to 48 kg/da NH4NOs, compared to
control - 60 kg/da. The results obtained for the
early and total standard yields were well warranted.
The study show that marine sapropels could be
used as ameliorant and complex organic-mineral
fertilizer for acidic soils in order to optimize the
yield and biochemical indices of legumes, which
are sensitive to acidic soil reaction.
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Table.4. Early and Total Yield of Standard Tomato Fruits, cv.”Dar”

Early yield of standard fruits

Total yield of standard fruits

Variants 2008-2009 2008-2009
kg /da % to +-D rate  kg/da  %tocontrol  +-D rate
control

1.Control 2704 100.0 0 4 7417 100.0 0 4
2,Variant 1 3365 124.4 +661 1 8308 112.0 +891 1
GD 5% 108.1 404.1

GD 1% 156.5 584.3

GD0.1% 234.8 876.5

Analysis of results and the fact that despite the
smaller quantity of fertilizer inputs, were obtained
higher yields, give rise to claim that modified
granules provide more effective assimilation of
ammonium and nitrate nitrogen, which is an
important factor for growth in all plant organs,
including fruit. Formation of polymer membrane
after swelling of the polymer coating, due to soil
moisture, results in more even and prolonged
releasing and assimilation of nitrogen in the soil
nutrient solution. It reduces losses, due to
decomposition of ammonium nitrate, associated
with separation and departure of ammonia, as well
as washing and removal of nitrate nitrogen in
groundwater. The main reason for the losses is the
dynamics of nitrates in the soil. They are highly
mobile and pass faster the plow horizon to
groundwater, thereby contaminate them. Second
should be reported loss of ammonium nitrogen,
due to hydrolysis of ammonium nitrate in the soil
solution. Part of the nitrogen in the form of
ammonia flies in the atmosphere during the
decomposition of the ammonium base, which is
perishable. Improved mineral nutrition of plants
determines more higher yield of fruits. PVA-M as
amphiphilic polymer formes stable polymer
membrane, which is a prerequisite for more longer
diffusion of nitrogen, associated with its more
effective assimilation by plants. Should take into
account the presence of marine sapropels. It is
reasonable to assume that partly the established
biological effect was due to additional
introduction of macro-, microelements and
organic matter in the soil medium.

CONCLUSIONS

1. Fertilization by modified granulates,
containing ammonium nitrate, sapropels and
amphiphilic water swelling polymer offers
qualified new opportunities to improve nitrogen
nutrition in  tomato plants, cultivated in
greenhouse conditions. The granules covered with

polymeric layer are stable in the soil medium and
assure more evenly and prolonged action of
nitrogen in soils.

2. The application of modified granules has
significant economical effect, manifested in
increased early and total standard yield of tomato
fruit  with 12.4% and 11.9% respectively by
reduced nitrogen fertilizer dose with 20%.

3. The tested method of nutrition is
recommended to sensitive of nitrates vegetable
crops, thanks to regulating entry of nitrogen.

4. Expected is realizing of ecological effect,
due to decreased pollution of plant production and
groundwater with nitrates under the exposure limit
50 mg/I.
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HAMAJISIBAHETO HOPMATA HA A30THOTO TOPEHE ITPU OTTJIEXKJIAHE HA
PAHHU IOMATH, COPT "HAP", C U3IIOJI3BAHE HA MOANOULIMPAHN TOPOBU
I'PAHVYJIN

H. C. Huxomnos?, JI. Xpucropa?, C. UBanoa? H. Illonosa’, U. Mosues

YAepapen Vuueepcumem, Inoeous, Bviazapus
2 Unemumym no nonumepu, bvacapcka akademus na nayxume, Cogus 1113, bvreapua

[ocrpnuna vHa 15 ronu, 2014 r.; npuera Ha 25 nexemspu, 2014 r.
(Pe3srome)

IMpu otriexxaane Ha panHu gomatu copt " Jlap " Bepxy anyBuaiHo juBaana nmousa ( Calcaric Fluvisol ) B
neoromsiemu opamwkepur B nepuoga 2008-2009 e ontmMusupano a3oTHOTO TOpeHe, OiarogapeHue
BBBEXKIAHETO Ha MOAMGHUIMPAHH TPAHYIN ChABPXKAIIN aMOHHEB HHUTPAT, ABIOOKOBOAHU YEpHOMOPCKH
yTaiiku (campomnenu) ¥ BogoHaOBOBam mnoimmep. [lpu BapmanT |, W3noa3Baml TrpaHylIH TOKPHTH C
MOJIMMEPEH cod oT yacTuuHo aueranupad ( 20%), monmuBuamua ankoxonl (PVA-M), paHHUST cTaHAapTeH
nobus ce yeenmuaBa ¢ 12,4% , a oOwmwusaTr crapmapreH no6uB ¢ 11.9% B cpaBHeHHE ¢ KOHTpoJjara.
bnaromapenne Ha HaMaleHaTa TOpPOBa HOpPMAa M €IHOKPATHO BHECEHHM MOMU(UIMPAaHU TpaHydH Ce
peanmmzupa 12.5% wuxoHoMusi Ha amoHHEB Top. OUakBa ce peajM3MpaHe Ha EKOJIOTHUEH e(deKT, Mmopaan
HaMaJIeHO 3aMbpCsIBaHE Ha TIOA3EMHHUTE BOJIY U IOMAaTCHHUTE TUIOJJOBE C HUTPATH.
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In this study, the applicability of ohmic heating on tempering of the frozen ground meat was investigated.
Ground beef meat has been shaped as a block of 1 cm * 7 cm * 10 cm in a specially designed container, and then
frozen at air blast freezer (-30 °C). It was aimed to reach the center temperature of the frozen block meat to +20 °C from
—18 °C. The ohmic tempering was performed by the application of different voltage gradients (10, 15 and 20 V cm™)
whereas conventional tempering was performed at controlled conditions in the refrigerator (4 °C). The effects of the
thawing method and the voltage gradient on tempering time, temperature distribution, color and pH were investigated.
As the voltage gradient increased, the tempering time decreased in the range of 92-95 % comparing to conventional
tempering. Average initial thawing temperature was measured as -1.1 °C for the samples. At the end of the tempering ,
the cold point of the ground meat was 0 °C while the minimum temperature value of surface were -4.7 °C, -3.3 °C and -
3.4 °C for 10, 15 and 20 V cm™ voltage gradients, respectively. Similarly, the thawing method and the voltage gradient
affected the color properties (L*, a*, b*, Hue angle, chroma and total colour differences), significantly (p<0.05). The
value of a*, which is important for meat samples, was similar for conventional thawing and ohmic thawing applied at
10 V cm. It is thought that the results of this study will provide data for the scaling up of the industrial ohmic

tempering or thawing systems and give useful insights to further studies on these subjects.

Keywords: Ohmic heating, Tempering, Ground meat
INTRODUCTION

Thawing of frozen foods by using conventional
methods require long time, provide non-
homogeneous thawing. They are generally applied
at uncontrolled conditions under high temperatures
(except  for  refrigerators)  affecting  the
microbiological and nutrient quality of foods
adversely. In recent years, the applicability of
alternative thawing methods such as microwave,
radio frequency and ohmic thawing has been
studied [1-4]. Ohmic thawing could provide
homogeneous and fast heating with minimum loss
on the food quality and the nutrient value while
obtaining microbiologically safe food. Optimum
thawing procedures should be of concern to the
food industry, and it is commonly accepted that it
should be the rapid thawing at low temperatures
and avoid a notable rise in temperature, and prevent
the excessive dehydration of. However, it is
difficult to accomplish them by using conventional
thawing processes because the wuse of low
temperatures reduces the temperature difference
between the frozen sample and the environment,
which is the principal driving force for the thawing
process [5].

* To whom all correspondence should be sent.
E-mail: cansucelebi89@hotmail.com

Ohmic treatment is one of the electroheating
methods, and is based on the passage of electrical
current through a food product having electrical
resistance [6-8]. Heat is generated instantly inside
the food [9,10]. The ohmic treatment is an
alternative method for thawing of meat products.
The application of ohmic thawing required less
treatment times than conventional methods at the
same temperature range [11]. Ohmic thawing
technology showed high potential to supply thawed
foodstuff on high quality [12]. However, very little
research about the application of ohmic thawing has
been carried out in the literature, and the primary
food studied for the application of ohmic thawing
on meat processing has been shrimp blocks [13-20].

This study focused on the applicability of ohmic
thawing procedures for semi-solid type food at
different voltage gradients. The main objectives of
this work were to investigate the effect of voltage
gradients on thawing time, temperature distribution,
color properties, total dry matter content and pH of
ground meat during ohmic thawing; and to compare
the effects of ohmic and conventional thawing on
these selected attributes. The result of this study
would be beneficial for the setting up of the
industrial or pilot-scale ohmic thawing units for
meat products.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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EXPERIMENTAL

Meat was ground twice by meat grinder
(Argelik, Turkey) and ground meat was frozen in
air blast freezer (Electrolux, Sweden) quickly by
replacing it into an ohmic cell with dimensions of 1
cm x 7 cm x 10 cm. Frozen samples were tempered
ohmically (10, 15 and 20 V c¢m?) and
conventionally (+4 °C). Ohmic thawing
experiments were performed using a custom-
designed laboratory scale ohmic thawing system
which consisted of a power supplying system (an
isolating transformer and a variable transformer), a
microprocessor board, the computer connection and
the thawing cell (Fig. 1). The thawing cell used was
made up of Teflon®. To compare the effect of
ohmic thawing process, the conventional thawing
method was performed in a refrigerator (Argelik,
Turkey) having controlled temperature (+4 °C).

During freezing and thawing, temperature
values and time were recorded to find out
temperature distribution, tempering time and initial
freezing point. Temperature measurement was
performed with insulated thermocouples and
microprocessor (Omega, UK). Thermocouples
located to the cold point of ground meat before
freezing. Colour measurements of the samples were
carried out by using a HunterLab Colorflex (CFLX
45-2 Model Colorimeter, HunterLab, Reston, VA).
pH was determined by using a membrane pH meter
(Hanna Instrument, USA). The instrument was
standardized each time with a black glass and a
white tile (X: 79.09, Y: 83.98, Z: 88.69 and L:
93.44, a: -1.12, and b: 1.02). Color values were
expressed as L, a, and b at any time. Lightness
value, L, indicated how dark/light the sample was
(varying from O-black to 100-white), a was a
measure of greenness/ redness (varying from -60 to
+60) and b was the grade of blueness/yellowness
(also varying from -60 to +60). Four readings were
performed for each replicate. The combination
parameters (Hue angle) were calculated by using
tristimulus values measured (Egs. 1-6).

Chroma = vVa*? + b*?

1 b
Hue angle = tan™ 1=
a

AE= /(' — Ly + (a* —a,")% + (b* — by")?
AC=,/(a* — a,*)? + (b* — b,")?

Chroma value of thawing sample

Chroma ratio = -
Chroma value of raw material

Hue angle ratio thawed sample

Hue angle ratio = : :
Hue angle ratio raw material

122

The total dry content and pH of each sample
were measured using AOAC procedures®.
Statistical evaluations were performed by using
SPSS Version 13.0.1 statistical package (SPSS,
2004). The comparison was made to analyze the
effects of voltage gradient and thawing methods on
thawing time, color, pH, total dry matter content
properties by using Post Hoc (Duncan) test. The
confidence level used to determine statistical
significance was 95%.

RESULTS AND DISCUSSIONS

All samples were thawed successfully from -14
to 0 °C by the application of ohmic thawing at
different voltage gradients (10, 15 and 20 V c¢cm).
Thawing times were 2040 s, 1455 s, 1185 s for 10,
15 and 20 V cm voltage gradients, respectively.
On the other hand, conventional thawing time was
27520 s. Generally, thawing times were similar up
to the initial thawing temperature for different
voltage gradients during ohmic thawing, however
after this point; it decreased as the voltage gradient
increased (p<0.05) (Figure 2). Ohmic application
decreased the thawing time in the range of 92-95 %
comparing to conventional thawing (Figures 2 and
3). Average initial thawing temperature was
measured as -1.8 °C for the sample having the
moisture content of 77%. The amount of heat
generation during ohmic treatment was directly
related to the current induced by the voltage
gradient in the field [21,22]. Similarly, Icier et
al.[3,19] have already concluded that the increase
in the voltage gradient provided the decrease in the
ohmic thawing time. The change in color values
has been reported as the most important criteria to
predict the behavior of ground meat during
thawing, and it could provide reliable information
about organoleptic characteristics. It is known that
the myoglobin protein is the primary heme pigment
responsible for meat color, but there are other
species contributing to color changes during
thawing of meat samples (deoxymyoglabin,
oxymyoglabin, sulfmyoglabin, metmyoglabin). The
spectral features in the visibl€Efedion allow us to
explain these changes. Cojgy, changes were
evaluated in terms of L, a, b, Hue angle, AE, AC,
chroma and hue angle ratio valbgs3(Table 1). Color
values of thawed samples gwere significantly
different from raw material Jof both thawing
methods (p < 0.05). The value Bfj&*, b*, total color
differences and chroma differences was highest at
the high voltage gradient.

Eq.6
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Fig. 1. Schematic diagram of laboratory scale ohmic thawing unit [8]

Table 1. Changes on color attributes of ground meat thawed by different methods

HUE
L* a* b* AE AC HUE ANGLE C:i%l\(/l)A
RATIO
Raw material 46.90+0.01 15.88+0.06 16.64+0.08 - - 46.33+£0.03 - -
20V cm? 47.78+0.42 19.82+1.04 17.87+1.08 4.35x1.15 4.25+1.11 42.01£1.48 0.91+0,03 1.16+0.06
15V cem? 44.38+0.89 16.73£0.68 17.14+0.35 6.70+£0.67 6.55+0.76 40.63£0.52 0.70£0.06 0.60+0.08
10V cem? 47.38+0.66 19.54+1.67 19.26+0.4  3.58+1.75 3.34+1.69 44.68+1.94 1.06+0.05 0.90+0.05
Conventional 48.59+0.17 21.71£1.06 19.91+0.44 2.85+0.44 1.13+1.10 42.55+0.8 1.00+0,01 0.97+0.03

Table 2. Changes on total dry matter contents and pH of ground meat thawed by different methods
THAWING METHODS

Analysis Raw material 10V cm? 15Vem!  20Vcem?!  Conventional
Total dry matter  76.97+0.04  77.18+0.03 77.41+0.01 76.53+0.05 76.79+0.08
pH 5.78 +£0.04 581+£0.04 586+0.05 5.88+0.01 5.81+0.01

There was a decrease in Hue angle values of thawed may cause an increase in the concentration of the

samples comparing to raw materials. When 10 V cnmr
! voltage gradient was used, the color of ground
meat was maintained successfully with comparably
fast thawing then conventional thawing. Hence, 10
V cm?® was recommended as the best voltage
gradient for ohmic thawing of the ground meat. The
effects of thawing method and voltage gradient on
pH and total dry content values were not statistically
significant (Table 2) (p>0.05).

The pH of meat that has been frozen and thawed
tends to be lower than prior to freezing. As pH is a
measure of the amount of free hydrogen ions (H*) in
a solution, it is possible that freezing with
subsequent exudate production could cause
denaturation of buffer proteins, the release of
hydrogen ions and a subsequent decrease in pH.

solutes, which results in a decrease in the pH. In
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Fig. 2. Changes in the temperature of ground meat

. . . during ohmic thawing processes
Alternatively, the loss of fluid from the meat tissue J P

this study, the effect of thawing method and the
voltage gradient was not statistically effective on pH
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value of ground meat (p>0.05). However, there is an
increasing trend in pH value as the voltage gradient
increased to 20 V cm. It could be concluded that
ohmic thawing at low voltage gradients could not
result to the denaturation of buffer proteins, the
release of hydrogen ions, etc. However, further
studies should be conducted on the determination of
the effects of ohmic thawing conditions on protein
content and the release of hydrogen ions.
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Fig. 3. The increase in the temperature of ground meat
during conventional thawing processes

CONCLUSION

In the present study, the application of ohmic
treatment as a thawing process was investigated by
making the comparison with the conventional
thawing method in terms of selected quality
attributes. The applied voltage gradient did not have
any significant effect on the pH, total dry matter
content whereas it had significant effect on the
thawing time, and color attributes of ground meat. In
this study, it was aimed to obtain basic information
on the effects of ohmic thawing on selected
attributes of ground meat before the scaling up of
industrial and pilot-scale thawing systems. In
addition, further studies should be performed to
determine whether the undesirable components in
ohmic thawing have been occurred.
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OMOBO PA3BMPA3SIBAHE HA 3AMPA3EHA KAUMA
Jx.Yeneou'", ®. Umxuep?

1E2e Yuusepcumem, Bucwie yuunuwe no npupoouu u npunodxciu nayku, Cexyus no Xpanumento uHI’CeHepCcneso,
bopuosa, Hamup, Typyus
2Eze Yuusepcumem, Hnoicenepen gpaxyamem, Kameopa no xpanumenno unoicenepcmeo, Bopnosa, Hzmup, Typyus

[ocrpnuna Ha 10 okToMBpH, 2014 r.; npuera Ha 20 nexemBpu, 2014 1.

(Pesrome)

B Hacrosiiiata pabota € u3clie/BaHa Bh3MOXHOCTTA 33 MPUIIOKEHHE HA OMOBOTO OTOIUIEHHE 3a TeMIIEpHpaHe Ha
3ampaseHa kaiima. Kaiima oT roBexkao meco Oeiie GopMyBaHa B CIICIIMATHO MPOCKTHPAH KOHTEHHEpP KaTo OlOKYe ¢

pasmepu 1 cm * 7 cm * 10 cm u cien ToBa 3aMpas3eHa BbB Bb3ayxonyseH ¢pusep (-30 °C). Llenta Oeie B IIeHThpa Ha
3aMpa3eHoTo OJ0KYe Oa ce JocTurHe temmeparypa oT +20 °C, xaTo ce crapTtupa ot Temneparypa —18 °C. OMHIHOTO
TEMIIEpUpAHE C€ M3BBPIIN Ype3 IPUIarane Ha pas3IndHU IPaJucHTH Ha Hanpexenuero (10, 15 and 20 V ecm™), gokato
KOHBEHIIMOHAJTHOTO TEMIICpUPAaHE Ce€ U3BBPIIM IPHU KOHTPONUpPAHU YCIoBHsS B xnaawiHuk (4 °C). beme nsciensan
eekTa Ha MeToJa Ha pa3Mpas3siBaHE W Ha TpaJUeHTa Ha HAIPEKEHHETO BBPXYy BPEMETO 3a TEMIEpHpaHe,
pasmpezieieHHeTo Ha Temreparyparta, nsera u pH. IIpu yBennuaBaHe Ha IpaJMeHTa Ha HaIlpe)KEHHETO, BPEMETO 3a
Temrnepupane HamamsiBa 92-95% B CpaBHEHHE C KOHBEHIIMOHAIIHOTO TeMIIepHpaHe. 3a oOpasuure Oeiie uU3MepeHa
Ccpe/lHa HavajiHa TeMIieparypa Ha pazmpassBane -1.1 °C. B kpas Ha TemnepupaHeTo CTyJeHaTta Touka B Kaiimara Oere 0
°C, 10KaTO MUHHMAJTHHUTE CTOMHOCTH Ha TeMIIepaTypara Ha moBbpxHOCTTa 051X -4.7 °C, -3.3 °C u -3.4 °C 3a rpagueHTu
Ha HarpexeHueTo chotBetHo 10, 15 and 20 V cm™. Ilo mogo6en HauuH BHAa Ha Pa3MpassBaHETO W IPAJIUEHTa Ha
HaTpe)KEHUETO OKa3BaT chinecTBeHO BimstHHE (p<0.05) BBpxXy mBeTHHTEe Xapakrtepuctuku (L*, a*, b*, vrem Ha Hue,
XpoMa U IUIOCTHA IBeTHA pasinka). CToifHOCTTa Ha a*, KOSTO € ChIIECTBEHA 32 MECHU NMPOAYKTH, Oemre mogo0Ha 3a
KOHBEHIMOHAIHO Pa3Mpa3siBaHe U OMOBO OTOIUIEHME, PUIIOKEHO TIPH IPAAUEHT Ha Hampexennetol0 V cm™. Cmsra
ce, Ye pe3ysaTaTuTe OT TOBa INPOYYBAHE IE€ OCUI'YPAT NaHHH 32 IIOCTEIICHHO IIOBHINABAaHE HA IMPOMMIIIICHOTO
MPWJIOKEHNE HA OMOBOTO TEMIIEPUPAIIN WM pa3MpassiBallld CUCTEMH M JaBaT I0Jie3Ha HHPOpMAaIs 32 110 -HaTaThIIHA
H3CJIEBAHUS MO TE3U BBIIPOCH.
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Supercritical fluid extraction (SFE) is the process of separating one component (the extractant) from another (the
matrix) using supercritical fluids (SCF) as the extracting solvent. Carbon dioxide is the most commonly used
supercritical fluid in food industry, especially being used for decaffeination. In this study, supercritical fluid extraction
technique and its uses (especially carbon dioxide) in food industry (as essential oil production, fractional separation of
oils, removing of cholesterol, debittering, inactivation of pectinmethylesterase, sterilization, extraction of aromas in
juices and antioxidant compounds from vegetables, dealcoholisation of alcoholic beverages etc.) will be detailed.

Key words: supercritical fluid, extraction, carbon dioxide, food

INTRODUCTION

Extraction can be defined as the removal of
soluble material from an insoluble residue, either
liquid or solid, by treatment with a liquid solvent. It
is therefore, a solution process and depends on the
mass transfer phenomena [1].

A fluid is termed supercritical when the
temperature and pressure are higher than the
corresponding critical values (Figure 1). Thus, the
physicochemical properties of a given fluid, such as
density, diffusivity, dielectric constant and viscosity
can be easily controlled by changing the pressure or
the temperature without ever crossing phase
boundaries [2]. Supercritical fluids (SCF) are
suitable as a substitute for organic solvents in a
range of industrial and laboratory processes
because of regulatory and environmental pressures
on hydrocarbon and ozone-depleting emissions.
SCF-based processes has helped to eliminate the
use of organic solvents such as hexane and
methylene chloride [1,3]. The close relationship
between the fluid density and its dissolving power
and its favorable mass transfer properties makes
supercritical fluids a useful processing medium for
extraction and separation techniques [2,4].

Supercritical ~ fluid  extraction  (SFE),
supercritical gas extraction, and dense gas
extraction are alternative terms to name the
operation with a fluid at temperatures and pressures
near the critical point [5]. It is defined as separation
of chemicals, flavors from the products such as
coffee, tea, hops, herbs, and spices which are mixed

* To whom all correspondence should be sent.
E-mail: syonak@uludag.edu.tr
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with supercritical fluid to form a mobile phase [2].
It can be used as sample preparation step for
analytical purposes, or on a larger scale to either
strip unwanted material from a product (e.g.
decaffeination) or collect a desired product (e.g.
essential oils) [1,6-9]. Supercritical fluids can offer
a good catalytic activity and produce a product with
no solvent residues [1,3].
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Fig. 1. Phase diagram for a single substance. P — critical
pressure; T¢ — critical temperature.

The first commercial supercritical fluid
extraction was performed in Germany in 1978 by
Hag AG for the decaffeination of green coffee
beans. Two years later Carlton and United
Breweries in Australia developed a process for the
extraction of hop flavors using liquid carbon
dioxide [10]. Both applications were commercially
successful and have given rise to numerous
variations and improvements which have also been
developed on an industrial scale [11].

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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A simplified process-scale SFE system is shown

in Figure 2.
O’\t\puvv O—\c‘,'l
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Fig. 2. A simplified drawing of a process-scale
supercritical fluid extractor.
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Raw material is charged in the extraction tank
which is equipped with temperature controllers and
pressure valves at both ends to keep desired
extraction conditions. The extraction tank is
pressurized with the fluid by means of pumps,
which are also needed for the circulation of the
fluid in the system. From the tank the fluid and the
solubilized components are transferred to the
separator(s), where the solvation power of the fluid
is decreased by increasing the temperature, or more
likely, decreasing the pressure of the system. The
product is then collected via a valve located in the
lower part of the separator(s) [2].

Advantages of SFE

In summary, the advantages of SFE are as

follows [3]:

1. SCFs have solvating powers similar to liquid
organic solvents, but with higher diffusivities,
lower viscosity, and lower surface tension.

2. Since the solvating power can be adjusted by
changing the pressure or temperature, separation
of analytes from solvent is fast and easy.

3. By adding modifiers to a SCF (like methanol to
COy), its polarity can be changed for having
more selective separation power.

4. Involving food or pharmaceuticals, one does not
have to worry about solvent residuals if a
"typical” organic solvent were used in industrial
processes.

5. Candidate SCFs are generally cheap, simple and
many are safe. Disposal costs are much less and
in industrial processes, the fluids can be simple
to recycle.

6. SCF technology requires sensitive process
control, which is a challenge. In addition, the
phase transitions of the mixture of solutes and
solvents has to be measured or predicted quite
accurately. Generally the phase transitions in the
critical region is rather complex and difficult to
measure and predict.

Table 1. The critical properties for some components commonly used as supercritical fluids.

Critical properties of various solvents

Solvent Molecular Critical Critical pressure  Critical density,
weight, g/mol temperature, K MPa, atm g/cm?3
Carbon dioxide (CO,) 44.01 304.1 7.38 (72.8) 0.469
Water (H;0) (acc. IAPWS) 18.015 647.096 22.064 0.322
(217.755)
Methane (CHa) 16.04 190.4 4.60 (45.4) 0.162
Ethane (C2He) 30.07 305.3 4.87 (48.1) 0.203
Propane (CsHs) 44.09 369.8 4.25 (41.9) 0.217
Ethylene (C2Ha) 28.05 282.4 5.04 (49.7) 0.215
Propylene (CzHs) 42.08 364.9 4.60 (45.4) 0.232
Methanol (CHzOH) 32.04 512.6 8.09 (79.8) 0.272
Ethanol (C2HsOH) 46.07 513.9 6.14 (60.6) 0.276
Acetone (CsHsO) 58.08 508.1 4.70 (46.4) 0.278
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In Table 1, the critical properties for some
components commonly used as supercritical fluids
are shown [1]. All these fluids have a low critical
temperature and pressure.

General applications of supercritical fluid
include recovery of organics from oil shale,
separations of biological fluids, bio separation,
petroleum recovery, crude de-asphalting and
dewaxing, coal processing (reactive extraction and
liquefaction), selective extraction of fragrances, oils
and impurities from agricultural and food products,
pollution control, combustion and many other
applications [3,12]. The natural antioxidants
produced by SFE are also of interest to the food
industry because they do not alter the aroma,
flavour or colour of foodstuffs. They are very easily
dispersed since they are highly soluble, and they do
not evaporate during frying or baking, unlike other
synthetic antioxidants [4,5]. In dealcoholisation
using SFE the separation efficiency is far greater
than in distillation. Furthermore, extraction
temperatures are moderate (between 15 and 40 °C)
which means that the thermolabile components,
which are largely responsible for the aroma and
flavour, do not break down [13]. The supercritical
extrusion fluid has the potential to produce a range
of puffed food products, such as ready-to-eat
cereals, pasta and confectionery with improved
texture, colour and taste [4]. Additionally, SFE
products from plants are complex mixtures of
essential oils, esters, terpenes, fatty acids, waxes,
resins, and pigments (cited in order of decreasing
solubility) [14-16]. Figure 3 shows supercritical
fluid technology applied to everyday’s food [16].

In the morning:
Decaffeinated coffee
Decaffeinated tea
Flavour enhanced orange juice
Vitamin additives (E, A, n-3-fatty acids)

For lunch:
De-alcoholized wine
De-alcoholized beer

Defatted meat
Defatted french fries

In the evening:

Beer brewed with CO,-hop extracts
Parboiled rice by CO,
Defatted potato chips

Flavour enhanced distillates

Special preparations:
Spice extracts (e.g., paprika or chili)
Liquid spice encapsulation

Removal of pesticides

Fried oil purification
Fig. 3. Supercritical fluid technology applied to
everyday’s food
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Supercritical CO;

Carbon dioxide is the most commonly used
supercritical fluid in food industry, especially being
used for decaffeination [4,17]. It is sometimes
modified by co-solvents such as ethanol or
methanol [1]. It usually behaves as a gas in air at
standard temperature and pressure (STP), or as a
solid called dry ice when frozen. If the temperature
and pressure are both increased from STP to be at
or above the critical point for carbon dioxide, it can
adopt properties midway between a gas and a
liquid. Supercritical carbon dioxide is a fluid state
of carbon dioxide where it is held at or above its
critical temperature and critical pressure [3]. The
density of the supercritical CO; at around 200 bar
pressure is close to that of hexane, and the solvation
characteristics are also similar to hexane; thus, it
acts as a non-polar solvent. Around the supercritical
region, CO, can dissolve triglycerides at
concentrations up to 1 % mass [1].

Carbon dioxide is non-toxic, nonflammable,
odorless, tasteless, inert, and inexpensive. These
properties make it suitable for extracting, for
example, thermally labile and non-polar bioactive
compounds but, because of its non-polar nature, it
cannot be used for dissolving polar molecules. On
one hand, it decreases the processing times,
increases yields and makes it possible to use milder
processing conditions, but on the other, it
complicates [2,18]. Extraction conditions for
supercritical CO-, are above the critical temperature
of 31 °C and critical pressure of 74 bar (Figure 4)
[17,19]. As detailed, carbon dioxide (CO,) has
become the ideal supercritical fluid in the food
industry due to its characteristics: the critical
temperature is 31.06°C, the critical pressure is
73.83 bar and the critical density is 0.460 g/cm?
[2,4]. Addition of modifiers may slightly alter this.
Due to its low critical temperature, carbon dioxide
is known to be perfectly adapted in food, aromas,
essential oils and nutraceutical industries [1,20,21].
In addition, the solubility of many extracted
compounds in CO; vary with pressure, permitting
selective extractions. So, supercritical extraction
mostly uses carbon dioxide at high pressure to
extract the high wvalue products from natural
materials.

Supercritical CO; is particularly suitable for
applications in which (i) processing costs are a
limiting factor, (ii) conventional solvent extraction
is restricted by environmental regulation, consumer
demands, or health considerations, (iii) products
have improved quality and/or marketability (for
example, when the “natural” character of the
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product increases the market price), or (iv)
traditional processing is not applicable because the
product is thermally labile or morphologically
unique [14].

Supercritical CO; tends to be selective towards
lower molecular weight compounds (< 250 g/mol)
or weakly polar groups such as lipids, cholesterol,
aldehydes, ethers, esters and ketones, while high
molecular weight (> 400 g/mol) or polar groups
such as hydroxyl, carboxyl, and sugars,
polysaccharides, amino acids, proteins,
phosphatides, glycosides, inorganic salts, are
relatively insoluble in dense carbon dioxide [4].

OO(I;’hase changes in carbon dioxide

10,
1,0004 Solid
§1oo- Liquid |
© Critical
9 10_ qT p0|nt
=2 riple
% 14 poiFr)']t Vapour
o
QO 0.1 !

100 80 60 -40 20 0 20 40 60
Temperature, °C
Fig. 4. Phase diagram of carbon dioxide as a function
of temperature and pressure.

Carbon dioxide is forced through the green
coffee beans which are then sprayed with water at
high pressure to remove the caffeine. The caffeine
can then be isolated for resale (e.g. to the
pharmaceutical ~ industry or to  beverage
manufacturers) by passing the water through
activated charcoal filters or by distillation,
crystallization or reverse osmosis. Supercritical
carbon dioxide is also wused to remove
organichloride pesticides and metals from
agricultural crops without adulterating the desired
constituents from the plant matter in the herbal
supplement industry®. Supercritical CO. extraction
of various oil seeds, such as soybean, flaxseed,
safflower, and cottonseed, has been reported [22-
24]. Other researchers have studied the solubilities
of various vegetable oils including canola, millet
bran, and rice bran in supercritical CO; [25-27].

How does supercritical CO; extraction exist?

It involves heating the CO: to above 465 °C and
pumping it above 75.84 bar. Usually, this is
between 413.69 — 689.48 bar. Supercritical fluid
CO; can best be described as a dense fog when CO»
is used in a dense liquid state. Low-pressure CO; is
often the best method for producing high quality

botanical extracts. CO, loading rate in this state
means that you have to pump many volumes of
CO; through botanical. The loading rate is typically
10 — 40 volumes of product. For this reason, it is
important to have pumped CO,, which has a much
faster loading rate 2 — 10 volumes and a wide range
of uses [1]. The CO; storage tanks and extractors
must be properly isolated and equipped with relief
systems [18].

CONCLUSION

The successful commercial developments
involves the processing of a high-value product,
relatively simple extraction processes, that has
finally brought about the level of growth that was
initially forecast for SFE. The many advantages of
the SFE can be summarized as follows: high quality
and purity of the obtained product; quick extraction
and separation phases; extract free of residues;
selective extraction by a specific compound;
reduction in separation cost. But the use of SFE in
the food industry also has some disadvantages. The
lack of continuous systems for extracting solid
substrates imposes serious capacity restrictions on
installed apparatus.

It is clear from this review that the application
of supercritical fluid technology in the food
industry is a field in which there is much research
and development at present. In some cases, such as
the extraction of caffeine from tea and coffee or
aromas from spices and hops, SFE is already being
used in industry. In other cases its practical
applications could be seen, particularly in the area
of food colourings and the refining of seed oils due
to its economic potential.
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I[MTPUJIOXKXEHUME HA CYIIEP KPUTUYEH CO2 B XPAHUTEJIIHATA MHAYCTPUA
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(Pesrome)

Excrpaknusita cbe cymepkputudeH (UIynz € Tpolec Ha pas3/iesisHe Ha €HAa KOMIIOHEHTa (EKCTpakTa) OT
Jpyrara (MaTpHuaTa), Ipu KOETO KaTo eKCTpaxupal] pa3TBOPHUTEIl Ce M3IOJ3Ba CylnepKpuTnieH ¢Guyua. Berieponaust
JMOKCH]] € Hai-4ecTO M3MOJ3BaHMS B XpAaHUTEIHATa WHIYCTPHUS CYNEpPKpUTHYEH QuIyna, ocoOCHO MpH Ipoleca
nexodenHusupane. B HacToAmoTO WM3CiIeABaHE Ie ObAe JeTaliM3MpaHa TEXHHMKAaTa Ha EKCTPAaKIMA upe3
CynepkpuTHYeH (UIyna W HEHHWTE NPHIOXKeHUs (Hali-Bede Ha NPH HM3MOJI3BAHETO HAa BBIJIEPOJAEH JHOKCHI) B
XpaHHUTEIHAaTa HWHIYCTpHUs (MpH TPOU3BOACTBOTO HAa ETEPHUYHM Macia, (PaKIMOHHOTO pa3JeNsHe Ha Macla,
IIpeMaxBaHe Ha XOJIECTEPOJ, OTCTpaHsIBaHE Ha TOPYUBHS BKYC, TEAKTUBAIMS Ha MEKTHHMETHIIECTEepas3a, CTePUIH3aNHNs,
eKCTPaKIUsl Ha apoMaTH B COKOBE M Ha aHTHOKCHIAHTHMW KOMIIOHEHTH OT 3€JIeHYYyIH, HaMaJIiBaHE Ha aJIKOXOJIHOTO

ChABPIKAHUC HAa AJIKOXOJIHU HAIIUTKH U I[p)
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Food processing operations have a major impact on the stability of the nutrients and generally damage antioxidants
in fruit and vegetables, and their products. Domestic, conventional, industrial and even non-thermal processing is
reported to degrade the level of phytochemicals in processed food products. Recent concerns in non-thermal
technologies are not only to obtain high quality food with “fresh-like” properties, but also to provide food with better
functionalities. However, some researchers reported that results obtained from non-thermal processes might not be
different from the thermal treatments. The main focus of this review is to clarify the dependence of non-thermal
technologies such as high hydrostatic pressure (HHP), pulsed electric field (PEF) and ultrasound (US) processing on
key nutrients of fruits and vegetables.

Key words: Non-thermal food processing, high hydrostatic pressure processing, pulsed electric field, ultrasound, fruit

and vegetables, phytochemicals.

INTRODUCTION

The optimization of food processing and storage
conditions is an essential step to reduce the
degradation of phytochemicals for potential health
benefits [1]. The effect of several non-thermal
techniques such as high pressure processing (HPP),
pulsed electric field (PEF), and
ultrasound/sonication (US) techniques on the fruit
and vegetables, and their products have been
investigated [2].

High hydrostatic pressure (HHP processing
could preserve nutrients and the organoleptic
properties of fruits and vegetables due to its
restricted effect on the covalent bonds of low
molecular mass compounds and vitamins. HHP
treatment may enhance the antioxidant activity of
juices comparing to the untreated one [3]. While
most researchers have reported that HPP helps
retaining the antioxidant activity of the individual
fruits, Keenan et al.[4] found out that the retention
of ascorbic acid (AA), antioxidant and polyphenols
contents in HHP processed smoothies was not
better than that of thermally processed samples.

PEF has proved to be a validated technology for
the production of safe beverage products as shown
by the positive influence on the texture of solid
plant foods, leading to increased yields of
extraction of metabolites, as well as enhanced juice
yields [5]. However, Morales-de la Pefia et al. [6]
determined PEF treatment to cause a reduction in
vitamin C content and antioxidant capacity which
might decline over time compared to conventional
thermal treatment.

* To whom all correspondence should be sent.
E-mail: etamer@uludag.edu.tr

US treatment of fruit juices is reported to have a
minimal effect on the AA content during processing
and results in improved stability during storage
when compared to thermal treatment [7]. Moreover,
Rostagno et al.[8] used the US-assisted extraction
for isoflavone extraction from soy beverages
blended with fruit juices and determined that total
and individual isoflavone concentration obtained
with the optimized method were not significantly
different from that of the conventional methods.

In order to retain the nutraceutical and
pharmacological properties of phytochemicals in
processed fruit and vegetable products, the food
processor must optimize relevant processing steps
in order to restrict the loss of phytochemicals [9].
Furthermore, positive effects of these new
technologies arise from all process parameters
consistency. Generally, new technologies are
presenting great solutions about keeping nutrients
but in some situations, parameters may affect the
nutritional values of the processed product in a
negative way. For example, longer PEF treatment
times may induce reduction in the product retention
of vitamin C due to product heating. Besides, some
researchers reported that results obtained from non-
thermal processes might not be different from the
thermal treatments [10]. Thus for obtaining
processed products in good qualities and sufficient
nutritional values and having positive results after
the treatments, these new technologies had to be
studied thoroughly.

This review considers the impact of processing
on both key nutrients and antioxidants, taking an
example of fruit and vegetables as a case study to
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demonstrate how the nutritional quality of fruits
and vegetables may be affected during processing.

High hydrostatic pressure processing

HHP processing is an established non-thermal
food processing and preservation technique with
reduced effects on nutritional and quality
parameters compared to conventional thermal
processing. In HHP processing, the products are
treated under pressure above 100 MPa. The great
advantage of HHP treatment is that pressure at a
given position and time is the same in all directions,
transmitted uniformly, immediately through the
pressure transferring medium and independent of
geometry. Literature data indicate that HPP
preserves the nutritional value of HPP processed
food and food products. HPP treatment at ambient
temperature is reported to have minimal effect on
the bioactive content of various fruits and
vegetables [11].

Yen and Lin [12] investigated the effects of
HHP and thermal pasteurization on AA content of
guava puree during storage at 4 °C. After treatment
under pressure of 600 MPa, at temperature 25 °C
and 15 min treatment time, the product exhibited no
change in AA content as compared to the fresh
samples. The authors concluded that samples
retained good quality similar to the freshly
extracted puree after storage at 4 °C for 40 days. It
is suggested that further AA degradation after HHP
processing could take place during storage and it
could be eliminated by lowering storage
temperature. The AA content of untreated and
pressurized (400 MPa/room temperature/15 min)
guava puree started to decline after 10 and 20 days,
whereas it remained constant in thermal (88-90
°C/24 s) and in higher pressure (600 MPa/ room
temperature/15 min) treated guava puree during 30
and 40 days, respectively. The latter could be
caused by inactivation of endogenous pro-oxidative
enzyme during treatment at high pressure level®?.
Isaacs [13] - reported that at elevated temperatures,
pressure treatment could degrade vitamin C to a
large extent for long treatment time, e.g.,
pressurization up to 600 MPa/75 °C/40 min
resulting in 70 % and 50 % losses of vitamin C,
respectively in pineapple and grapefruit juices. In
addition, at constant pressure (600 MPa/40 min),
increasing temperature enhanced the vitamin C
degradation of pineapple juice as a decrease of 20—
25 % at 40 °C; 45-50 % at 60 °C, and 60—70 % at
75 °C respectively was observed.

Ferrari et al. [14] investigated the effects of
HHP (400-600 MPa) at 25, 45 and 50 °C for 5 or
10 min on anthocyanin and polyphenol contents of
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pomegranate juice. Their experimental results
indicated that anthocyanin content was mainly
influenced by pressure and temperature levels. At
room temperature, the concentration of these
molecules decreased with the intensity of the
treatment in terms of pressure level and processing
time. The authors also indicated that high pressure
treatments modified the mechanism of anthocyanin
degradation by affecting the molecules involved in
the kinetics of reaction, such as enzymes. The
residual activity of the enzymes along with a small
concentration of dissolved oxygen could cause the
degradation of the anthocyanins during the storage
of the processed juice, as widely supported [15].

Distinct from the application of HPP for
preservation purposes, high pressure treatments
have been extensively used in the extraction
process of secondary plant metabolites from fruits
and vegetables. For example, De Ancos et al.[16]
successfully employed HHP processing (50-400
MPa/25 °C/15 min) for extraction of carotene from
persimmon fruit purees. As a result, different
pressure levels at constant temperature gave
different release of various carotenes depending on
their chemical properties and chromoplast location.
The extraction of bioactive compounds can be
described as a mass transport phenomenon where
solids contained in plant structures migrate into the
solvent, up to their equilibrium concentration.
Additionally, mass transport can be increased by
some factors like heating, changes in concentration
gradients, and the influence of new technologies
such as ultrasound, high pressure, and pulsed
electric field [17]. HHP enhances the mass transfer
rates, which increase cell permeability as well as
secondary metabolite diffusion [18,19]. Prasad et
al.[20] extracted long an fruit pericarp in 50 %
ethanol applying both HHP (500 MPa) and
conventional methods. Their results demonstrated
that HHP extraction showed excellent antioxidant
and anticancer activities and were found to be
higher than conventional extraction. Three phenolic
compounds, gallic acid, corilagin and ellagic acid
were identified and quantified. Compared with
conventional extraction, HHP extraction exhibited
higher extraction effectiveness in terms of higher
extraction yield, phenolic content and antioxidant
and anticancer activity with shorter extraction time.
Increased extraction yields caused by high pressure
were probably related to its aptitude to deprotonate
charged groups and to disrupt salt bridges and
hydrophobic bonds in cellular membranes, which
may lead to higher permeability [19].
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Pulsed electric field

PEF is a technology that has been extensively
investigated in recent years for its applications in
food processing. By the mechanism of
electropermeabilization, PEF has been proven as a
valid technology for the production of safe
beverage products showing positive influence on
the texture of solid plant foods, leading to enhanced
yields of extraction of metabolites, as well as
increased juice vyields. One of the principal
differences in the use of PEF consists of the
intensity of field which were classified as high
intensity field (1540 kV/cm/5-100 pulses/40-700
us/1.1-100 Hz) that are more effective towards
microbial inactivation and low and medium
intensity field (0.6-2.6 V/cm/5-100 pulses/ short
treatment time within 10#-102 s; 1 Hz) which
have been successfully used for enhancing mass
transfer in solid foods [17,21]. With the increasing
interest in availability of bioactive compounds from
fresh to processed foods, the effects of this
technology have been reviewed comprehensively
[22]. Morales-de la Pefia et al.[6,10] investigated
the effect of PEF on vitamin C in exotic fruit based
drinks immediately after the treatment and
concluded that levels were not different from the
thermally processed juices such as
orange/kiwi/pineapple and soymilk based drinks.
However, the beneficial effect of the PEF was
noticeable over 31 days storage period, (800 us/35
kV/cm) showed significantly greater vitamin C
retention than both a 1400 ps and a thermal
treatment. Generally, longer treatment times may
induce reduction in the retention of vitamin C of the
juice related with product heating. Longer exposure
time may also generate free radicals which may
speed up vitamin C degradation. Watermelon juice,
product with a low initial vitamin C concentration,
was PEF treated (25 kV/cm/50 ps/50 Hz), and it
exhibited the highest vitamin C retention (96.4—
99.9 %). On the other hand, vitamin C loss was
higher than 50 % when HIPEF (high-intensity PEF)
treatment parameters were risen (35 kV/cm/2050
us/250 Hz). However, this treatment found to be
appropriate for product safety [22].

In cases where PEF has caused a loss of
anthocyanins, this probably might come from the
direct impact of the treatment on these compounds
and the partial inactivation of enzymes (B-
glucosidase, peroxidase and polyphenoloxidase)
which were induced. Aguilo-Aguayo et al.[23]
reported an increase of B-glucosidase activity in
strawberry juice, which could explain the
corresponding  degradation of  anthocyanin

following PEF treatment (35 kV/cm, 1000 ps, 50
Hz). In another research, the total phenolic content
of a blend of orange/kiwi/pineapple juice and
soymilk was not affected by PEF treatments (35
kV/cm, 4 us bipolar pulses, 200 Hz) for a total
treatment time of 800 ps and 1400 ps [10].

The effect of PEF processing on the bioactive
compounds in watermelon juice was extensively
studied by Oms-Oliu et al.[22]. While severe PEF
strength proved to increase the rate of vitamin C
loss in the juice, the lycopene retention in HIPEF
processed changed it from 87.6 % to 121.2 % over
the range of processing parameters (25-35 kV/cm,
1-7 ps or 50-2050 ps, 50-250 Hz). Enhancement
of lycopene content might be related to PEF-
induced cell permeabilization and the release of
intracellular pigments (lycopene) from watermelon.
Consequently, it was determined that such an
increase at these electric field intensities could have
been a stress induction for cells and subsequent
production of lycopene as secondary metabolite
stimulating metabolic activity [24]. These results
were similar to those observed by Odriozola-
Serrano et al.[25] in strawberry juice processed by
PEF. Keeping constant 35 kV/cm electric field
strength, and the treatment time of 1000 ps, the
treatments were set at frequencies from 50 to 250
Hz, pulse width from 1 to 7 ps. The authors
determined that the presence of health-related
compounds (vitamin C, anthocyanins and
antioxidant capacity) were maximal at a treatment
frequency of 232 Hz and a pulse width of 1 ps.
Under all experimental conditions, the relative
retention of anthocyanins ranged between 87 % and
102 %.

Main causes of degradation in antioxidants
during thermal processing could be attributed to
oxidation and isomerization [26]. According to
Morales-de la Pefia et al.[6,10], the antioxidant
capacity of a mix kiwi/orange/pineapple juice and
soy milk was not affected by the PEF. Moreover,
antioxidant capacity of this product - decreased to a
greater degree in thermally treated (90°C, 60 s)
sample than in PEF-treated one after storage period
of 60 days [6,10]. Conversely, Aguilo-Aguayo et
al.[23] reported that total antioxidant capacity of
watermelon juice was affected by the treatment
conditions. In the process with 35 kV/cm, 2050 ps,
250 Hz did not seem to affect the antioxidant
capacity of the juice when treated with a 7 us pulse
width, though it was significantly reduced when the
pulse width was applied as 1 us and the frequency
was reduced to 50 Hz.

The application of this technology as a treatment
for enhancing yield extraction has been reported for
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several plant foods (apple, sugar beet, grapes,
carrot) [17,27-29]. Ade-Omowaye et al.[30] applied
successfully the PEF technology, as a pre-
processing step in coconut milk processing, with an
increase in milk yield but the bioactive compounds
contents were not reported. However, to date there
are limited reports focusing on the application of
similar methods for extraction of juice and/or on
the effect of such processing technology on
bioactive metabolites from exotic fruit sources.
Although the existing data, other plant foods may
provide a solid base for studies on bioactive
compounds and further investigations are required.

Ultrasound processing

Ultrasound with frequencies in the range 20-100
kHz has been a subject of research and
development for many years in the food industry.
Such processing requires the presence of a liquid
medium for power transmission. It causes chemical
and physical changes in the biological structures
due to intracellular cavitation. Ultrasound
processing on its own or in combination with heat
and/or pressure is an effective processing tool for
microbial inactivation and phytochemical retention.
Advantages of ultrasound include reduced
processing time, higher throughput at lower energy
consumption [31].

Salleh-Mack and Roberts [32] investigated the
effects of temperature, sugar concentration (8, 12,
and 16 g/100 ml), organic acids (citric and malic
acids) and pH (25 and 4.0) on ultrasound
pasteurization in fruit juices. For this aim,
Escherichia coli ATCC 25922 was used as a model
organism and US treatment times were chosen to
achieve a 5 log (base 10) reduction. Temperature
was set at 30 °C and below in order to eliminate the
thermal inactivation effects. Consequently, US
increased the sensitivity of E. coli to thermal
inactivation. The presence of soluble solids had a
protective effect where the sonication time
requirement increased. Similar to heat sensitivity,
the lower pH environment resulted in E. coli having
less resistance to sonication and the type of organic
acid had the least significant effect on US
inactivation. Additionally, it was reported that US
could negatively modify some food properties
including flavor, color or nutritional value.

US treatment of fruit juices is reported to have a
minimal effect on the AA content during processing
and results in improved stability during storage
when compared to thermal treatment. This positive
effect of US is attributed to the effective removal of
occluded oxygen from the juice as this is a critical
parameter influencing the retention of AA [33].
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With regard to exotic fruits, Cheng et al.[34]
reported a significant increase in the AA content of
guava juice during sonication from 110 + 0.5
mg/100mL (fresh) to 119 + 0.8 mg/100 mL
(sonication) and to 125 + 1.1 mg/100 mL
(combined sonication and carbonation). The
authors also observed that during carbonation,
sample temperature decreased substantially which
could have disfavoured AA degradation.

Rawson et al. [35] determined that sonication
temperature played a significant role in
preservation of bioactive compounds. Freshly
squeezed watermelon juice was subjected to
thermosonication  treatments with  processing
variables of temperature (25-45°C), amplitude level
(24.1-60 um) and processing time (2-10 min) at a
constant frequency of 20 kHz and pulse durations
of 5 s and pulse repetition time and 5 s. The authors
observed a higher retention of AA and lycopene at
low amplitude level and temperature. They
determined a decrease in the phenolic content of
sonicated watermelon juice with temperature rise
from 25 to 45 °C. Temperature effect was more
pronounced at higher processing times (10 min)
[35]. Additionally, in another study US processing
was reported to enhance extraction vyield of
bioactive compounds like polyphenols and
carotenoids in both aqueous and solvent extraction
systems about 6 % and 35 % depending on the
processing conditions [36].

Ultrasonic  extraction is a  well-known
commercial method for increasing mass transfer
rate by cavitation forces. Bubbles in the liquid-solid
extraction using ultrasonic  extraction can
explosively collapse and produce localized pressure
while improving the interaction between the
intracellular substances and the solvent to facilitate
the extraction of the phytochemicals. The extraction
of lycopene from tomato using ultrasonic assisted
extraction (UAE) and ultrasound/microwave
assisted extraction (UMAE) was reported in Lianfu
and Zelong’s [37] research. They showed that the
optimal conditions for UMAE were 98 W
microwave power together with 40 KHz ultrasonic
processing, the ratio of solvents to tomato paste was
10.6:1 (V/W) and the extracting time should be 367
s; whereas for UAE, the extracting temperature was
86.4°C, the ratio of the solvents to tomato paste was
8.0:1 (V/W) and the extracting time should be 29.1
min. Additionally, the percentage of lycopene yield
was determined 97.4 % and 89.4 % for UMAE and
UAE, respectively. The comparison of these two
methods showed that UMAE overcomes
theshortcomings of UAE and would be a more
attractive extract method in the future.
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CONCLUSION

Ensuring food safety and at the same time
meeting the demands of conscious consumers for
good quality and nutritious foods has resulted in
increased interest in non-thermal preservation
technologies. In parallel with the processing
conditions, innovative technologies such as HPP,
PEF and ultrasound might have a positive or
negative effect on nutrients and phytochemicals of
fruits and vegetables. However, some researchers
determined that nutritional values were not
significantly affected by the non-thermal processing
parameters. Therefore, to properly evaluate the
impact of these technologies further researches on
this topic is still required.
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BJIMAHUE HA THOBATUBHUTE TEXHOJIOTYU BBPXY KAYECTBOTO HA
IDIOAOBETE U 3EJIEHUYYILUTE

C. Cyna”, JIx.E. Tamep, JI. Caiibn

Kameodpa no xpanumento unocenepcmso, @axyamem no ceicko cmonarwcmeo, Yunusepcumem na Yunyoae, 16059 bypca,
Typyus.

IMocrenuia ua 26 asrycr, 2014 r. mpuera na 20 nexemspu, 2014 T.
(Pestome)

[Ipouecure, cBbp3aHu C mpepadOTKaTa Ha XpaHUTE, OKa3BaT 3HAYUTEIHO BB3ACHCTBHE BBPXY CTAOMIHOCTTa Ha
XPaHUTEIHUTE BEIECTBA M KaTO IUIO0 YBPEXKAAT aHTHOKCHAAHTHTE B IUIOJOBETE, 3C€JICHUYLMTE TEXHHUTE MPOIYKTH.
JlomanrHnuTe, KOHBCHLIHOHAIHWTE, HHAYCTPHAIHUTE M JOPH HETEPMHIHHTE OOpabOTKM HamalsiBaT HHBOTO Ha
¢uTOXMMUKAIN B IpepabOTEeHUTE XPaHUTENHN NPoayKTH. Hali-HOBUTE TEHACHIINN B HETEPMUIHUTE TEXHOJIOTHH ca HE
caMo Ja ce TOJydH BHCOKO KaueCTBEHH NPOAYKTH ChC 3alla3€HU CBOMCTBA, HO CHINO TaKa Ja CE€ OCHUTYPH IO-100pa
(YHKIIMOHAHOCT Ha XpaHaTa. BbIpeku ToBa, HAKOW HM3CIENOBATEIM ChOOINABAT, Y€ PE3YyNTaTHTE OT HE-TEPMHUIHU
IpoLecH, He Morar Aa ObJaT pa3iuueHH OT Te3H, NMOJYYeHH NpH TEepMUYHH 00paborku. [naBHuAT (okyc Ha
HACTOSIIIIOTO PEBIO € Ja M3SCHU BIHMSHHUETO HAa HE-TEPMHUYHH TEXHOJIOTHH, KaTO BHCOKO XHAPOCTATUYHO HaJAraHe
(BXH), nmnyncro enextpudso none (MEIT) u yntpassyk (Y3) BbpXy KIIOYOBH XPaHUTEITHH BEILECTBA B IUIOAOBETE U
3eJIeHUyLUTe.
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Transforming a raw material into a suitable product for industrial use is a complex operation including drying
processes. One of the most common drying processes is spray drying which produces powder with a defined particle
size out of solutions, dispersions and emulsions. It is generally used for pharmaceuticals, food, biotechnology and other
industrial materials synthesis. Spray drying has several advantages such as operational flexibility, applicability for heat-
sensitive materials, as well as an affordable cost, but it has limitations in particle size, volume and the yield. Nowadays,
nanotechnology, which refers to objects that are one-billionth of a meter in diameter, gained importance as a newest
application trend in science. Accordingly, nano-spray drying technology was improved to create particles in nanometer
range for efficient spray process for small quantities, narrow particle size distribution and highest yields of fine
particles. In this review, new technological developments about nano-spray dryers and some of its applications in food

industry will be discussed.

Key words: Nano- spray dryer, microencapsulation, nanoencapsulation, food

INTRODUCTION

Developing new technologies for obtaining
standardized herb and food extracts is an important
research topic nowadays and dried extract products
have several advantages over conventional liquid
forms. These advantages could be listed as low
storage costs, providing more concentrated
products and stable form of the active ingredients
[1]. Several techniques can be applied for this
purpose such as spray drying, freeze drying,
spouted bed drying and fluidized bed drying.
Spray-drying is a common technique used in the
food industry since decades old. The first time idea
was patented in 1872 by Samuel Percy where in
1920s, the industrial use had been launched with
the production of milk powder and detergent [2].

Spray drying is commonly used in food,
pharmaceutical, chemical and aroma industry [3-8].
Whole milk, skimmed milk and whey powders are
the most popular products produced by spray
drying processes. The other food products can be
indicated as: instant coffee and tea, baby food, egg
powder, cheese powder, ice cream mixes, fruit
juices, flavoring agents, anthocyanins, enzymes,
microorganisms, yeasts and pesticides [9-15].

Substantially, spray drying is a process where
the liquid solution or suspension is dried to
particles rapidly with atomization in a heated
chamber (Figure 1). The powder obtained after this
process has a flowing structure and a certain size

* To whom all correspondence should be sent.
E-mail: gulsahozcan@uludag.edu.tr

distribution of spherical particles. Its quality
depends on many factors interacted with each other
like: physical and chemical properties of the raw
material, feed rate and its concentration, atomizer
rate and the temperature parameters of the drying
medium. Among other drying processes, spray
drying has relatively short drying time and it allows
to dry heat-sensitive products [16]. Spray drying
occurs in process steps like:

e pre-concentration of the liquid (generally for
decreasing costs it is applied to low
concentrated liquids),

e atomization (composing of liquid drops),

e drying in hot air/gas flow, formation of powder
particles,

e separation of product from humid air/gas
(cyclone stage) [17].

Removing water from the solution by spray
drying is a common engineering application. In
spray drying, liquid feed is atomized into hot gas
flow, usually air and inert gases like nitrogen, and
instantly dry. Feed liquid can be a solution,
emulsion or a mixture suspension [3]. Powders
obtained after drying process properties changes
due to the physical and chemical properties of
feeding fluid, design of the spray dryer and drying
conditions as very thin powder (10-50 um) and
granule or agglomerate [18] (2-3 mm).

Advantages of spray drying could be listed as:

e if drying parameters are fixed, powders
specifications could be stabilized,

e drying system can provide continuous and can
be controlled automatically,
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o different dryers can be designed according to
heat-sensitive, heat-resistant, corrosive  or
abrasive solutions.

2 3
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Fig. 1. General units of a spray drying system (1. air
intake, 2. heating, 3. temperature sensor at air entry
point, 4. atomizer, 5. drying chamber, 6. temperature
sensor at air exit point, 7. cyclone: separation of the
product from the air stream, 8. collection vessel for
finished product, 9. aspirator)[14].

However, high installation costs, low thermal
efficiency, energy consumption and workability of
dried powders in humid conditions are the main
disadvantages of spray drying process [2]. In
addition to this, spray dried foods encounter with
aroma losses and particle stickiness seen in high
temperatures during the process. In order to solve
these problems and enabling drying process thus
producing the last powder in acceptable quality
parameters; different applications can be combined
such as processing spray dried powder to granules
in fluid bed dryer. By this way, solubility of
powders and physical resistance could be raised and
flavorings could be added to the product. Another
solution is microencapsulation of the raw material
directly by spray drying with using different carrier
agents. Microencapsulation protects the powder for
oxidation reactions, prevents volatile flavor
compounds and raises its storage stability. In
microencapsulation, several gums such as arabic
gum, carob gam, carboxymethyl cellulose (CMC),
carrageenan, starch products like maltodextrins
(MD19, MD12) and modified starches are generally
used in order to obtain good product recovery
[19,20].

Atomization constitutes the most important
process step and atomization of the liquid as small
droplets is carried out with pressure or centrifugal
energy. For this purpose, different atomizer types
such as pneumatic atomizer, pressure nozzle, two-
fluid nozzle and sonic nozzle are used. The purpose
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of atomization is to create the maximum heat
transfer surface which allows to optimum heat and
mass transfer between dry air and the liquid. Proper
atomization configurations depend on the viscosity,
the nature of the feeding fluid and the desired
properties on the final product. As the supplied
energy increases, droplets obtained by atomization
decreases [21].

Spray drying process can be designed according
to atomizers settlement position corresponding to
hot air distributors, as co-current or counter-current.
In co-current flow, feeding fluid is sprayed in the
same flow direction with hot air and inlet
temperature changes between 150 — 220°C, as it is
suddenly evaporated. In these systems, dry powder
product is subjected to moderate temperatures like
50 — 80°C, and products thermal degradations are
restricted. Thus, drying of some bacterial
suspensions without harming any living organisms
might be a possibility. Correspondingly, in counter-
current systems, feeding fluid is sprayed in opposite
directions to hot air flow. Dry powder product
exposes to high temperature in this way. Therefore,
drying of heat sensitive products is limited in this
system. However, the most important advantage of
this system is its economical properties with low
energy consumption [3,22].

Nowadays, nanotechnology is a rapidly growing
field which has impact on every area in science and
technology. Especially some areas such as physics,
engineering, chemistry, biology, agriculture, and
food sciences are essential for the development of
nanotechnology [23].

Nanotechnology has good potential to improve
agriculture and food systems. Safety, efficiency,
bioavailability and keeping nutritional values of
foods and the molecular synthesis of new products
or ingredients can be affected by nanoscale level.
These principal links of nanotechnology are
refining flavor and nutrition, food security and
processing, functionality of foods, protection of the
environment and the cost-effectiveness of storage
and distribution [24]. Additionally, at the Second
International Food Nanoscience Conference, the
immense opportunities of nanoscience are asserted
possible in previously mentioned areas [25].

In the food industry, significant advancements
by nanotechnology are new functional materials,
micro and nanoscale processing, product
development, the design of methods and
instrumentation for food safety and biosecurity
[26]. In this context, nano-spray dryers which use
nanotechnology in the design of the classical spray
dryers, create particles in the nanometer range.
Besides some challenges like high sensitivity of
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proteins during processing and storage and product
recovery in pharmaceuticals brought a necessity of
a new spray dryer design. To overcome these kinds
of technical challenges, Biirki et al. [14], designed
to generate very fine droplets resulting in particle
sizes between 300 nm and Sum. Therefore novel
technologies at the spray head, heating system and
particle collector made ‘nano’ spray drying a
possibility. Differently from conventional dryers,
nano-spray drying utilizes a vibrating mesh
technology. With using a piezoelectric driven
vibrating membrane in the spray head, millions of
tiny droplets are generated every second. Dried
particles are separated by the use of an electrostatic
particle collector with high particle recovery rates
even for nanoparticles of milligram sample
amounts. However, substantial limitations of nano-
spray drying were the particle size (minimum 2
um), the yield (maximum around 70 %), and the
sample volume (minimum 50 mL for devices in lab
scale).

A typical spray-drying process consists of four
steps that include; atomization of the liquid stream,
vaporization/drying of the liquid stream through the
drying gas, particle formation and separation and

collection.
Aspirator

S A

Nozzle
Spray cap size
Feed rate l ‘ l

Drying Feed composition,
Chamber Solvent,
Formulation,
l ! Sample volume
Collecting Electrqstatic
electrode particle

collector

!

Grounded electrode  Filter
Fig. 2. Nano-spray dryer [14].

In nano-spray dryer technology, the unique
feature is, the droplet generation through a
piezoelectric driven actuator (with a thin stainless
steel membrane and the membrane has an array of
micron-sized holes; spray meshes of 4.0, 5.5 or 7.0
um hole size) that operates at a specific ultrasonic
frequency (60 kHz) and thus creating a mist of
droplets with extremely ultra-fine particle size. The

dried particles are electrostatically charged (solid
particles are accumulated at the wall of the
cylindrical particle collecting electrode by a strong
electrical field, the electrical field is generated via
high voltage) and gathered at the collecting
electrode surface with minimal wastages and high
formulation yields. Besides, a new heating system
is used to provide the drying gas to produce the
particles. The gas flow is laminar as in common
spray drying. The advantage of laminar flow is that
the particles fall straight down from the spray head
and do not stick to the glass wall. Nano-spray dryer
design is shown in Figure 2.

Later, these new design is used to evaluate the
early stages of product development for a variety of
applications including preparation of sub-micron
particles of polymeric wall materials[27] producing
protein nanoparticles [14,28], the encapsulation of
nano-emulsions [29], as well as the drying of
pharmaceutical excipients and model drugs [30].

In a study, Tewa-Tagne et al.[31] used a spray-
drying method for the production of nanocapsules
which partly reduced the moisture content of the
product while the carrier concentration increased.
Researchers also stated that moisture content of
spray-dried powders depends on the nature of the
carrier and its interaction with water molecules.
Outlet temperature is another factor that effects the
final products moisture content. Goula and
Adamopoulos[32] reported that high outlet
temperatures often reduce moisture content of
product.

Liu et al.[27] spray dried micro and nano-scale
particles in hybrid composites of alginate and silica
nanoparticles in their study and observed uniform
micro particles formed in a single step micro-fluidic
jet spray drying. Here, evaporation induced self-
assembly during spray drying then formed uniform
micro particles with shells enriched with silica
nanoparticles. Then the final structures of particles
were determined by the drying temperature and the
ratio of alginate to silica indicating that this could
be used for manufacturing diverse structural motifs.
As a result, combination of polymer-mediated self-
assembly with a moderate temperature spray drying
could be a versatile process to synthesize thermal
sensitive biomaterials for food and pharmaceutical
related applications.

Lately, there has been an interest in the
development of protein nanotherapeutics for
diseases such as cancer, diabetes and asthma. To
meet that demand, Lee et al. [28] investigated spray
drying technology for obtaining these kinds of
powders. However, the separation and collection of
protein nanoparticles with conventional spray dryer
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setups has been known to be extremely challenging
due to its typical low collection efficiency for fine
particles less than 2 pm. Accordingly, there has not
been any approach to fabricate protein
nanoparticles in a single step and with high yield (>
70 %). In their study, they explored the feasibility
of the novel Nano Spray Dryer B-90, for the
production of bovine serum albumin (BSA)
nanoparticles. They reported that particle size and
morphology were predominantly influenced by the
spray mesh size and surfactant concentration while
the drying air flow rate and inlet temperature had
minimal impact.

Process parameters were determined
respectively as, 4 um spray mesh at BSA
concentration of 0.1 % (w/v), surfactant
concentration of 0.05 % (w/v), drying flow rate of
150 L/min, inlet temperature of 120 °C and the
yield 72 + 4 %. In conclusion, nano spray drying
offered an alternative approach for the production
of protein nanoparticles.

Li et al.[29], used nano spray drying technology
in their research to provide submicron particles
with high yields (70 % to 90 %) and small sample
amounts (50 mg to 500 mg). For this aim, some
polymeric wall materials (arabic gum, whey
protein, polyvinyl alcohol, modified starch and
maltodextrin) were spray dried and the resulting
size distributions were shown to be below the 1 um
scale, attaining sizes as low as ~ 350 nm with a
standard deviation of ~ 100 nm for arabic gum (0.1
wt.% solid concentration), which was a very
noteworthy result. They also expressed, size and
standard deviation depend on the nature and the
type of the wall material and predominantly on the
concentration of the spray dried solution.
Consequently, they reported that, preliminary
results of encapsulated nano-emulsions and
formulated nano-crystals using this  novel
technology offer promising perspectives for new
pharmaceutical applications using spray drying.

Nano and microparticle engineering of water
soluble drugs was conducted using a novel
piezoelectric spray-drying method in another
research. Cyclosporin A (CyA) and dexamethasone
(DEX) were encapsulated in biodegradable poly (D,
L-lactide-co-glycolide) (PLGA) grades of different
molecular  weights. Spray drying process
parameters such as spray mesh diameter, sample
flow rate, spray rate and sample concentration were
found to play a key role on the particle engineering
and the obtained product yield. CyA was found to
be molecularly dispersed within the PLGA
nanoparticles while DEX’s crystallinity varied
according to the lactide/glycolide ratio. In
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concluding, this novel process proved to be
efficient for nano and microparticle engineering of
water insoluble active substances [30].

CONCLUSION

Nanotechnology offers new possibilities in food
science especially in the field of functionality like
enriched and fortified food products. One of these
topics is obtaining nanoscale powders by spray
drying which presents a platform for many
applications in food technology. It can be applied to
foods with nanoencapsulation of active compounds
such as flavors, vitamins, minerals, antimicrobials,
drugs, colorants, antioxidants, probiotic
microorganisms, and micronutrients. The aim of
nanoencapsulation is to maintain these active
compounds at suitable levels for long periods of
time. As a result, nanoparticles have better
properties for encapsulation and release efficiency
than traditional encapsulation systems. By this way
optimization of powders inhalation properties
would be useful to improve stable products and to
keep aroma active subtances.
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[MPMJIOXXEHMA HA CYIHEHETO YPE3 HAHOPAS3IIPAIHIABAHE B XPAHUTEJIHATA
NMHAYCTPUA

C. Cyna, I'. Mosmxan Cunup”, O.Y. Yomyp

Kameopa no xpanumenno undicenepcmeo, @axyimem no ceicko cmonancmeo, Yuusepcumem na Yiayoae, 16059 bypca,
Typyua

TlocTernmna Ha 26 aBryct, 2014 r.; npuera Ha 19 nekemspu, 2014 r.

(Pestome)

TpanchopMUPaHETO Ha CYypOBHsl MaTepHal B MOAXOAAIL MPOAYKT 3a MHAYCTPHAIHO MPUIOKEHHUE € KOMIUIEKCEH
HpolIeC, BKIIOYBAIL CylleHe. ENMH OT Hal-4ecTo CpelaHuTe NMPOLECH Ha CYLIEHE € CYLIEHE Ype3 paslpallaBaHe, pu
KOETO OT Pa3TBOPH, CYCIIEHCHUH M EMYJICHH Ce NOJIydYaBa npax M JeuHUpaH pasMep Ha yactuiute. OGMKHOBEHO TOM ce
U3M0JI3Ba BbB (hapMalMATa, XPaHUTEIHATA IPOMMIILIEHOCT, OMOTEXHOJIOTMUTE MIPH CUHTE3A HA JPYIH UHIYCTPUAIIHH
marepuanu. CyIIEHETO upe3 paslpallaBaHe IPUTEKaBa pPEIULA NPEIMMCTBA, KaTo OIEpaldoOHHa I'bBKABOCT,
MPUIIOKUMOCT Ha TEPMO-UYBCTBUTCIHU MaTCpHaid, JOCTBIIHA LE€HA, HO TO HMMa OIpaHUYCHUA IO OTHOUICHHC Ha
pa3Mmepa Ha yacTuiuTe, odemMa u Jo0uBa. B JHEIIHO BpeMe, HAHOTEXHOJIOTUUTE, KOUTO CE OTHACAT 10 OOEKTH, MMAIIN
JAUaMETpu €1Ha MUWJIHapJHa 4acT OT MCTbpa, HpI/II[O6I/IXa 3HAaUY€HHE KAaTO Hali-HOBHUTE TCHACHIWW Ha MPUIIOKCHUA B
obnactra Ha Haykarta. B ChOTBETCTBHE C TOBA, CYLIEHETO 4pe3 HaHOpasmpaiiaBaHe Oelle MOoA00pEHO [a Ch3ae
YacTHIM B HAHOMETPOBMS [MANa30H NpH e€(EeKTHBEH MPOLEC Ha paslpallaBaHe Ha MaJKH KOJMYECTBA, TACHO
pasnpeselieHre Ha pa3Mepa Ha YaCTHIMTE W Hai-BMCOKM 100MBHM Ha (DMHM NPAXOBU YaCTHIU. B HACTOAILIOTO pEBIO Iie
ObJaT IMCKYTUPAaHH HOBM TEXHOJIOTMYHM PAa3BUTHUs Ha M3CYINMTEIUTE YPE3 HAHOpA3NpallaBaHe M HAKOU OT TEXHHTE
NPHUIIOKEHUS B XPAHUTEIHATA MHYCTPHS.
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Effect of active electret package on milk quality was studied. Electric charge of electret package was shown to
reduce milk acidity growth by 2 °T a day in average and to elongate milk shelf life by half. Electric field of the package
affects milk composition: lactose content in milk decreases, density grows, while protein content remains unchanged.
Milk particle micellization model in electric field of the package was suggested.

Keywords. Milk, active package, electret.
INTRODUCTION

Role of packaging in food quality preservation
is known worldwide. Basic function of packaging is
protection from climatic factors (oxygen, moisture,
light and temperature), transportation and storage
damages and biological factors (microorganisms,
insects, etc) [1]. However, many food products
contain microorganisms that cause food spoilage
when stored. Milk and dairy products are generally
very rich in nutrients which provide an ideal growth
environment for many microorganisms. Milk, for
example, contains Lactobacillus, Pediococcus,
Lactococcus, Streptococcus, etc.

Dairy products are exposed to different
treatment at milk processing factory. Bactofugation,
pasteurization, sterilization and ionization are the
most common techniques wused to reduce
microorganism content in milk products [2]. Their
combination eliminates up to 99 % bacteria [2].
Pasteurization process involves heating milk for 15
— 20 s at 90 — 92°C; during sterilization milk is
heated above 100 °C under pressure. Such thermal
treatment efficiently kills many forms of microbial
life initially contained in milk, but it leads to
destruction of vitamins and nutrients. lonization
radiation treatment is advanced technique used to
elongate shelf life of products sensitive to high
temperatures.

However, the objective is not only to delete
undesired microorganisms in raw milk but to
exclude new bacteria and prevent resurgence of the
remained ones. Preserving agents are not always
used as they can have negative health affect since a
lot of nutrient additives may cause digestive
disorder and skin problems being allergen or

* To whom all correspondence should be sent.
E-mail: alina_guzhova@mail.ru

carcinogen. For this reason manufacturers are
looking for advanced packaging that enables to
preserve nutrients as long as possible. The
challenge to extend shelf life of a product due to
packaging specific physical properties is up to date
in both economic and environment protection
aspects.

Materials with targeted active action on packed
products are classified as active packaging. They
replace gradually traditional materials that perform
mechanical and barrier properties. Production
technologies of these materials are manufacturer’s
know-how [1]. These technologies include
application of electric field produced by the
packaging material as sterilant. Such kind of
materials that have constant electric field is known
as electrets. They are used in radio electronics,
mechanical engineering and medicine [3-5]. It
would be interesting to study their effect on packed
products.

The corona poling of polyethylene packaging
films results in a decrease in the total migration of
different compounds from the film into food
products®. The decrease in the amount of the
migrant transferred from the poled polyethylene
films into different solvents is due to the effect of
their electric field on the wetting, dissolution, and
diffusion processes.

In this paper we have studied application of
electrets material as active packaging for milk. The
objective of the paper is to determine effect of
packaging material electric field on biochemical
and biological processes that occur in milk during
storage.

EXPERIMENTAL

At the first stage active packaging material was
manufactured by LDPE film corona poling [3].
Samples were charged in the field of negative

142 © 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria



Galikhanov et al.: Effect of active packaging material on milk quality

corona discharge after being heated at 90 °C for 10
min. Corona treatment unit is shown in Figure 1.
Corona electrode consists of 196 needles equally
spaced on 49 cm? area. The gap between corona
electrode and the sample was 20 mm, polarization
time was 30 s, polarization voltage — 30 kV.

)z |
ﬁﬁ/g

L 1

Fig. 1. Corona discharge system: 1 — high voltage
source, 2 — grounded electrode, 3 — corona electrode, 4 —
sample.

Corona electret characteristics were following:
surface potential (~ 1500 V), efficient surface
charge density (~ 0.85 pC/m?), electric field
strength (~ 60 kV/m).

Packages for milk were made of electret
material and industrial PE film using thermal
impulse sealer IS - 600. Quality changes of milk
packed according to GOST 13277-79 (Russian
Standard) was studied. It was examined for
bacterial number (total bacteria number per volume
unit), number of Escherichia coli (coli-titer),
organoleptic characteristics and acidity
(GOST 13264-88).

RESULTS AND DISCUSSION

Over time, off-flavor appears in milk that is not
specific to fresh product (greasiness, rust and etc.).
This disadvantage can appear due to accumulation
of free fatty acids resulting from life activity of
microorganisms and lactose fermentation to form
lactic acid. Electric field was shown [8] to reduce
respiratory rate, heat production and other energy
parameters of bacteria. It indicates retarded
metabolic process i.e. electric field inhibits
bacterial activity.

Research performed showed that milk packed in
electret film preserved initial organoleptic
characteristics for a longer time. Electret package
elongated milk shelf life by half. Figure 2 shows
organoleptic evaluation of milk stored in active
(curve 1) and traditional (curve 2) packages.

Electric charge of electret package reduced
acidity growth by 2 °T a day in average i.e. it
inhibited microorganism life activity. Acidity level
decay (Turner degree) is given in Figure 3.

Score point

0 3 6 9 12
Storage time, day

Fig. 2. Organoleptic evaluation of milk in electret (1)
and industrial (2) package.

Acidity, °T

0 3 6 9 12
Storage time, day

Fig. 3. Milk acidity when stored in electret (1) and
industrial (2) package.

Bacterial number, (x10%)

0 24 48 72 96 120 144
Storage time, h

Fig. 4. Total bacterial content in milk packed in electret
(1) and industrial (2) film.

Microbiological analysis data also point to the fact
of bacterial activity inhibition. When industrial
polyethylene film was used as packaging, number
of mesophilic microorganisms in milk in two hours
was higher compared to active package. Figure 4
illustrates that total bacterial content in milk packed
in industrial film (curve 2) almost two and a half
times exceeded total bacterial content in milk
packed in active package (curve 1) by the sixth day.
There were no Escherichia coli found in both raw
and packed milk.

Besides, electric field of the package was
revealed to affect dairy products composition
(Table 1).
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Table 1. Milk composition changes during storage.

industrial PE film

Milk parameter

electret PE film

0 24 h 48 h 0 24 h 48 h

Milk density, kg/dm? 1026 1035 1066 1026 1031 1047
Protein weight fraction, % 3.427

Lactose content, % 3.01 2.9 2.4 3.01 2.95 2.8

Lactose content in milk decreased, while density
grew that represents microorganism life activity
processes. At the same time protein content remains
unchanged. These data correlate with changes of
organoleptic, physical and chemical values.

Milk nutritional content associated with
bioactive substances slightly decreased. However,
when electret package was used, this process was
slowed down significantly. It occurs due to the
presence of electric-field sensitive substances in
bacteria cells (e.g. coenzyme A) that determine, in
particular, cell respiration system activity [7].

Milk is complex disperse system that includes
components in different aggregate state: molecules
and ions (some salts, lactose, water-soluble
vitamins, etc.) and charged (mainly negative)
colloid particles (casein, whey proteins, calcium
phosphate and butterfat). There is a strong
interaction between specific disperse phases i.e.
single equilibrium system is formed. Any change in
content and state of milk dispersion components
under different factors (temperature, pH and etc.)
may result in disequilibrium and system stability
loss [2].

Colloid particle stability in milk is determined
by electric charge. For example, casein micelles
have negative surface charge. There are attractive
and repulsive forces between colloid particles. If
interparticle repulsive forces prevail, then the whole
system is stable. As repulsive forces decline and
attractive forces increase, system stability gets
broken with coagulation and agglomeration of
colloid particles. Visually it corresponds to cream
layer formation on a milk surface. This process is
accompanied by casein negative charge decay.

Electric field of active package effects colloid
system stability. In this case more uniform
emulsion particle distribution is observed.

In this regard, premature coagulation of casein
and other milk components can be prevented due to
package negative charge distribution in milk.

Milk is bad electric conductor. Its conductivity
is associated with CI, Na*, K*, H*, Ca*, Mg?" and
other ions. Although casein, whey proteins and fat
globules have electric charge on surface, they move
slowly owing to large size and increase viscosity of
the solution and in practice reduce electric
conductivity. Calcium phosphates are of the most
interest. One part of them is molecular solution,
another one is colloid and equilibrium is established
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between them. Equilibrium stability is affected by
milk acidity. Milk acidity is increased due to
growth of microorganisms that ferment lactose to
form milk acid. It decreases negative charge of
protein particles and disrupt the balance between
calcium salts i.e. some colloid calcium salts are
transformed into ionic-molecular state.

This process can be presented by the following
model (Figure 5).

Colloid solution
fixed ions

:/ Freeions
/ + : Electret

Fig. 5. Milk particle micellization model: a — micelle
coagulation when attraction forces prevail during
storage; b — micelles in solution exposed to negative
electric field of the corona electret.

Typically, equilibrium is shifted to excess of
calcium and magnesium ions with the phosphorous
and citric acid distribution breaking [8-10]. As milk
acidity grows, electric conductivity and number of
coagulated particles (Figure 5a) increase as well.
Milk in active package shows another pattern
(Figure 5b). Electric field is seen to affect colloid
system equilibrium in dairy products —more
uniform distribution of emulsion particles is
observed.

Hence, application of electret material as active
package has following peculiarities. On the one
hand  cumulated electric  charge  affects
microorganisms; on the other hand it stimulates
initial equilibrium state of milk dispersive system.
Moreover, electric field - that has negative charge —
improves milk keeping qualities. More uniform
emulsion particle distribution was observed for
milk packed in electret films.

Based on obtained results one may state that
active package with negative electric field enables
to extend shelf life, preserve milk organoleptic and
physical characteristics.
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BJIMAHUE HA AKTUBHUTE OITAKOBBYHU MATEPUAJIN BbPXY KAUECTBOTO HA
MIISIKOTO

M.®. I'anuxanos, A.A. 'yxosa, A.H. bopucosa

Kazancku nayuonanen uscredosamesnicku mexnono2uyer ynusepcumem, yi. ,, Kapn Mapxc Ne 68, 420015, Kazan,
Pycka ¢pedepayus

[ocremuna Ha 6 aBrycrt, 2014 r.; npuera Ha 10 nexemspu, 2014 .

(Pestome)

WscnenBaHo € BIMSHUETO HA aKTHBHU CJICKTPETHU OIMMAKOBKH BBHPXY KaUCCTBOTO Ha MIISIKOTO. Iloka3ano ¢, 4uc
CJICKTPUYHUAT 3apsa] Ha CJICKTPECTHUTC ONIAKOBKH HaAMAJIABA HAPACTBAHCTO HA MJICUHATA KUCCIIMHHOCT CPEIHO C 2°T nHa
JICH U yBCJIMYaBa CPOKBT Ha TOAHOCT Ha MIIAKOTO C 50 %. Ycra"HoBeHO €, U CJICKTPUYIHOTO I10JIC HAa OIMIAKOBKATa BJIHAC
Ha CbCTaBa HA MIISIKOTO: CbABPIKAHUETO HA JIAKTO3a B MJIAKOTO HaMaJIsiBa, INIbTHOCTTA pacTe, JOKATO CbAbPIKAHUECTO HA
MPOTEUHU OCTaBa HCIIPOMCHECHO. Hpe;[noxceH € MOJCJI Ha MUIICJIM3UPAHE HAa MJICYHHU YaCTULHN B CJICKTPUIHOTO IIOJIC HA

OITIaKOBKarTa.
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A study on the environmental situation in the area of the Kardzhali lead-zinc plant
using the moss technique, neutron activation analysis, atomic absorption
spectrometry, and GIS technology
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The results of a study on atmospheric deposition of trace elements using the moss biomonitoring technique in
the area of the lead-zinc plant in Kardzhali are reported. This plant is the main source of lead, cadmium, zinc and
sulphur oxide contamination. Various moss types were used to study atmospheric deposition of trace elements in 54
sampling sites. The concentrations of the following elements Na, Mg, Al, Cl, K, Sc, Ca, Cr, Ti, V, Mn, Ni, Fe, Co, Zn,
Se, As, Br, Rb, Sr, Mo, In, Sb, I, Cs, Ba, La, Ce, Sm, Th, Dy, Hf, Ta, W, Au, U, Th were determined by means of
instrumental epithermal neutron activation analysis (ENAA) at the IBR-2 reactor of FLNP JINR, Dubna. Multivariate
statistics was applied to characterize the pollution sources. GIS technology allowed apportioning the deposition patterns
of element pollutants in the study area. The present investigation is a continuation of the environmental surveys in
Bulgaria used to regulate the Bulgarian industries.

Keywords: atmospheric deposition of trace elements, moss biomonitoring, lead-zinc plant, neutron activation analysis

INTRODUCTION

The use of terrestrial mosses as biomonitors in
large-scale multielement studies of heavy metal
deposition from the atmosphere is a well-
established technique in Europe. The present study
is part of the UN European Cooperative Programme
»Atmospheric Heavy Metal Deposition in Europe”
aimed at investigating the long-range transboundary
air pollution in Europe at 5-year intervals [1].

This paper presents results from the moss survey
in 2011 around the Kardzhali lead-zinc plant (LZP)
known for its non-ferrous metal deposits.
According to the Ministry of Environment and
Water, Kardzhali is one of the ecological “hot
spots” in Bulgaria.

The manufacturing process in Kardzhali is a
major source of contamination with significant
amounts of heavy metals and other toxic elements
(e.g. Pb, Zn, Cd, As, Sn) in the soil, water and air.
These inflict environmental damage to the region of
research interest. Due to the constant circulation of
chemical elements in nature, contaminants such as
trace metals and their compounds are effectively
deposited onto mosses after being released into the
air.

* To whom all correspondence should be sent.
E-mail: savmar@uni-plovdiv.bg
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Since mosses have no root system, the soil has
insignificant influence on the concentration of trace
metals found in them.

EXPERIMENTAL
Study Area

Figure 1 shows allocation of the sampling area
in the map of Bulgaria. The study area of about 110
km? is located around LZP Kardzhali. It spans 6 km
to the North and South and 5 km to the West and
East from the plant’s chimney.

Cralows

Tumove
Bulgaria
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Woboxu

yustenct
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S 0 A7
o p» an 140 K

Fig. 1. Study area.

About 6% of the world zinc deposits and about
3% of the lead deposits are located in Bulgaria.
75% of the lead-zinc ore is located in the Rhodope
Mountains and over 70% of the total available ore

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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is mined. Annually, LZP Kardzhali produces
27,200 tons of zinc, 30,000 tons of lead and 45,000
tons of sulfuric acid. After a project to increase lead
production in the plant was accepted, the annual
production will rise up to 60,000 tons by 2014 [2].

Surveys in the area of Kardzhali, particularly in
the last few years, show increased trace metals
content in the soil and the plants, including mosses,
as a consequence of mining polymetallic ores,
flotation and heavy metal production. The
approximate size of the land affected by aerogenic
lead contamination with higher than the admissible
concentrations is about 40,000 da of virgin soil and
about 18,000 da of arable lands [3].

Sampling

A total of 77 moss samples, of which Hypnum
cupressiforme was the dominant type, were
collected according to the sampling strategy of the
UNECE ICP  Vegetation Programme on
atmospheric deposition studies in Europe [1]. For
each site 5-10 subsamples were taken within a 50 X
50 m area and were combined in the field.

Sample Preparation

The unwashed samples were air-dried to
constant weight at 40 °C for 48 h, and extraneous
plant material was removed. The whole living part
corresponding approximately to three years growth
of the moss was subjected to analysis. Therefore,
the results from the survey represent the average
deposition situation over the period 2008-2010 for
the elements retained in the moss. Moss samples of
about 0.3 g in weight were packed in polyethylene
foil bags for short-term irradiation to determine
short-lived isotopes, and in aluminum cups for
long-term irradiation for determination of long-
lived isotopes.

Analysis

Neutron activation analysis (NAA) was
performed in the radioanalytical laboratory at the
pulsed fast reactor IBR-2 of the Frank Laboratory
of Neutron Physics, JINR, Dubna, Russia [4].

Long-lived isotopes were determined using
epithermal  neutrons in  cadmium-screened
irradiation channel with neutron flux density ®ei.=
3.6x10 n/(cm?xs). Samples were irradiated for 5 d,
re-packed and then measured twice after 4-6 and
20 d of decay, respectively. Measuring time varied
from 1 to 5 h. To determine the short lived isotopes
(Cl, V, I, Mg, Al, and Mn) conventional irradiation
channel was used. Samples were irradiated for 3
min and measured twice after 2-3 min and the
second one for 20 min after 9—10 min of decay.

The concentration of the environmentally
meaningful element Pb cannot be determined by
INAA, and Cu and Cd are difficult for
determination at low concentration levels. These
elements will therefore be determined by atomic
absorption spectrometry (AAS) at the Sts. Cyril and
Methodius University, Skopje, Macedonia in the
nearest future.

RESULTS AND DISCUSSION

At the time of writing, 54 samples were
analyzed. The results of the descriptive statistical
analysis of the elemental concentrations determined
in the moss samples (min, max, mean and median)
are given in Table 1 along with data for the
neighboring Macedonia®.

For comparison, the corresponding values for
the Norwegian moss data representing territories
with minor influence from air pollution® are given
in the same table.

Multivariate statistics (factor analysis) was used
to identify and characterize different pollution
sources. The results of factor analysis are presented
in Table 2.

Values of the four factors are given in Table 2.

Factor 1 has particularly high values of K, Rb,
Sr, Mo, Cs, Ba, typically found in plants and of rare
earth elements (REEs), Hf, Ta, U, and Th, which
are soil indicators. Most of these elements are
typical of heavy crustal material, and they partly
reflect the contamination of moss samples with soil
particles.

Factor 2 has high factor loadings particularly
for Na, Mg, Al, Sc, Ti, which are typical light
crustal material (silicic rocks), as well as for V, Fe,
and Co, which could be attributed to a basaltic
component.

0 2000 4000 m
S R 108
o c

.
& 49 104,103 o

Zn (ppm)

64 -273
e 273 - 490

Jee B ‘s.sz.eo 5 490 - 689
DA mm 689 - 983

mm 983 - 3163
mm 3163 -3 750

Fig. 2. The geographical distribution map of Zn relevant to
factor 3.
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Factor 3 has high loadings for Zn, Se, As, In,
Sb, Au associated with the Kardzhali LZP. This
group of elements correlates very well with metal
contamination of surface soils around the lead and
zinc smelter in the Republic of Macedonia [7] .

Factor 3 is illustrated by the distribution map for
Zn (Figure 2) as the main polluting elements of
ZLP in Kardzhali with the maximal concentrations
of Zn exceeding the normal (unpolluted values,
taken from the Norwegian data), by the order of 10-
100. The highest concentrations of Zn are observed
in sampling points 11, 14, 18, and 17 and 40. The

town of Kardzhali is experiencing tremendous
impact of elements, associated with lead-zinc ores.
To construct this map the program ArcGIS 9.3 with
geostatistical analysis was used.

Factor 4 seems to be a mixture of two factors:
high values of Cr, Ni, Co, and As indicate the
presence of industrial pollution. High values for Br
and | usually considered as “marine” elements,
given the lack of elements such as Na and Cl in this
factor, suggest heavy fuel oils used in the smelting
process at the LZP plant as a source of pollution.

Table 1. Comparison of the results obtained with Macedonia and Norway, mg/kg

Elements Bulgaria, LZP Macedonia [5] Norway [6]
median range median range median range

Na 1525 179-8190 419 118-8673 - -
Mg 1006.5 366-3730 2377 674-7421 1730 940-2370
Al 17400 4120-53800 3736 825-17600 200 67-820
Cl 162 78.6-601 149 43-693 - -
K 7585 3650- 30900 8615 2861-18190 - -
Ca 11450 5520- 21700 5593 1207-23640 2820 1680-5490
Sc 2.415 0.12- 13- 0.81 0.12-6.79 0.052 0.009-0.220
Ti 716 170- 3990 163 12-1365 23.5 12.4-66.4
\% 20 6.3- 124 6.9 1.79-43 0.92 0.39-5.1
Cr 144 2.71- 260 7.47 2.33-122 0.55 0.10-4.2
Mn 424 56- 1700 186 37-1475 256 22-750
Fe 6440 1250- 32400 2458 424-17380 209 77-1370
Co 2.64 0.43- 23.5- 1.09 0.24-13.6 0.202 0.065-0.654
Ni 10.7 1-213 2.4 0.09-24 1.14 0.12-6.6
Zn 269 28.8-3750 39 14-203 26.5 7.9-173
As 3.18 0.479-22.4 0.80 0.12-8.0 0.093 0.020-0.505
Se 0.54 0.1-2.54 0.18 0.013-0.61 0.33 0.05-1.30
Br 6.65 1.66-19.5 2.16 0.06-7.7 45 1.4-20.3
Rb 315 6.93-229 10.9 5-47 7.7 1.3-51.5
Sr 81.2 19.7-527 31 11.8-136 15.8 3.6-43.3
Mo 0.54 0.121-1.78 0.19 0.03-1.12 0.135 0.065-0.70
In 0.074 0.014-0.424 - - - -

Sh 3.93 0.162-46.5 0.2 0.039-1.4 0.033 0.004-0.240
| 2.26 0.90-4.87 1.18 0.36-2.8 2.5 0.6-41.7
Cs 1.46 0.19-8.81 0.39 0.097-1.7 0.072 0.016-0.88

Ba 165.5 35.2-847 54 14-256 171 5.6-50.5
La 6.93 0.924-227.2 2.32 0.50-22 0.189 0.045-2.56
Ce 17.35 1.67-52 5.60 0.83-42 0.342 0.095-4.61
Sm 1.27 0.199-3.82 0.46 0.07-3.4 0.33 0.05-1.34
Th 0.174 0.026-0.476 0.06 0.01-0.56 0.003 <0.002-0.030
Dy 1.09 0.218-3.55

Hf 1.04 0.25-7.62 0.26 0.05-3.8 - -

Ta 0.22 0.04-1.48 0.09 0.013-0.79 0.01- <0.01-0.07
w 0.55 0.107-2.15 1.21 0.25-3.9 0.127 0.009-1.23
Au 0.004 0.00107-0.0235  0.0061 0.001-0.034 - -

Th 3.215 0.244-19 0.67 0.12-7.6 0.033 0.004-0.240
u 0.856 0.102-5.22 0.21 0.03-1.45 0.015 0.001-0.138
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Table 2. Factor analysis of NAA data on moss samples collected in the vicinity of Kardzhali LZP (Varimax normalized)

Variables Factor 1 Factor 2 Factor 3 Factor 4
Na 0.48 0.65 0.25 -0.06
Mg 0.37 0.73 -0.03 0.29
Al 0.55 0.71 -0.03 0.05
Cl 0.34 -0.38 0.23 0.03
K 0.86 0.24 0.23 -0.06
Sc 0.30 0.64 -0.11 0.18
Ca 0.46 -0.09 -0.04 0.14
Cr -0.02 0.34 -0.02 0.84
Ti 0.14 0.91 -0.05 0.06
\Y -0.01 0.91 0.05 0.07
Mn 0.33 0.45 -0.06 0.11
Ni -0.04 0.34 -0.03 0.84
Fe 0.45 0.69 0.01 0.28
Co 0.11 0.57 0.01 0.72
Zn 0.07 -0.03 0.96 -0.04
Se -0.02 -0.12 0.82 0.08
As 0.15 0.21 0.65 0.57
Br 0.10 -0.14 0.36 0.59
Rb 0.89 0.12 0.12 0.06
Sr 0.72 0.23 0.01 -0.23
Mo 0.62 0.24 0.49 0.20
In 0.15 0.03 0.89 0.07
Sb 0.07 -0.08 0.95 -0.10
I 0.29 -0.09 0.16 0.73
Cs 0.92 0.055 -0.01 0.15
Ba 0.62 0.53 0.18 -0.05
La 0.67 0.49 0.18 0.19
Ce 0.75 0.48 0.17 0.20
Sm 0.74 0.52 0.09 0.15
Tb 0.64 0.61 0.07 0.16
Dy 0.47 0.69 -0.05 0.08
Hf 0.81 0.41 0.08 0.037
Ta 0.92 0.24 -0.02 0.08
W 0.82 0.23 0.08 0.23
Au 0.13 0.05 0.64 0.18
) 0.81 0.29 0.28 0.01
Th 0.91 0.26 0.14 0.05
Expl. Var 111 7.5 5.0 3,7
CONCLUSIONS gratitude to the Sector of Neutron Activation

As evident from the median values in Table 1, it
is clear that the study area around the Kardzhali
LZP is considerably polluted compared to
previously obtained data for the other areas of
Bulgaria [8].
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U3CJIEJABAHE HA CBhCTOSHUETO HA OKOJIHATA CPEJJA B PAMIOHA HA OJIOBHO-
[ITUHKOB 3ABO/JI KPAI KBPXKAJIM UYPE3 M3IIOJI3BAHE HA MBbXOBA TEXHUKA,
HEYTPOHEH AKTUBAILIMOHEH AHAJIN3, ATOMHO-ABCOPBIIMOHHA
CIHEKTPOMETPUA U T'IC TEXHOJIOT' MU

C. Mapunosa'*, I. Xpucro3osal, A. Mapunos?, M.B. ®pontacuesa?, JL.I1. Ctpenkos?a, 3. lopsiiHoBa?,
AJO. Imutpues 2

YTnoeouscku yrusepcumem ,, Haucuii Xunenoapcku “, Ilnogous, bvreapus.
206e0unen uncmumym 3a a0peHu uzcredéanus, J[ybua, Pycus

Tocrprnmna wa 30 aBryct, 2014 r.; npueta Ha 10 nexemBpH, 2014 T.

(Pesrome)

[IpeacraBeHu ca pe3ynTaTUTe OT U3CJIEABAHHUATA HA aTMOC()EPHOTO 3aMBPCSIBaHE C TEKKU METAJIU C IIOMOILTA
Ha OMOMOHUTOPUHI Ha MBXOBE B paliOHa Ha OJIOBHO — IIMHKOBHsSI KoMOWHAT B Kbpmkanu. To3n kKoMOMHAT € OCHOBEH
M3TOYHUK Ha 3aMBpCSBaHE C OJIOBO, KaJMHM, IIMHK U CEPeH IUOKCUA. 3a U3y4aBaHE Ha aTMOC(HEPHOTO 3aMbpCSBaHE
0s1xa crOpaHu mpobu oT MBXOBe OT 54 Touku. OmnpeeseHn ca KOHIICHTpAIlMUTe Ha cienuuTe enemeHTd Na, Mg, Al, Cl,
K, Sc, Ca, Cr, Ti, V, Mn, Ni. Fe, Co, Zn, Se, As, Br, Rb, Sr, Mo, In, Sb, I, Cs, Ba, La, Ce, Sm, Th, Dy, Hf, Ta, W, Au,
U, Th ¢ nomolira Ha MHCTPYMEHTAJICH eNUTEPMUYEH HeyTpoHeH akrtuBauuoneH aHanu3 (EHAA) npu peakrop UBP — 2
B Jla0oparopusta mo HeyrpoHHa ¢msmka Ha OMSAM, dyOna. 3a xapakTepu3upaHe Ha pa3IMYHUTE H3TOYHHUIM Ha
3aMbpcsBaHe € M3Moi3BaH MHorodakropeH anHanu3. C momomra Ha GIS TeXHOJIOTMM ca TOCTPOCHM KapTH Ha
pas3npeneneHneT0 Ha 3aMBbpCSBAHUATA C PAa3IMYHM €JIEMEHTH B n3ydyaBaHUs paifoH. [IpencraBeHuTe pesynrartu ca
NIPOJIBIDKEHNE Ha M3CIIEIBAHMATA HA OKOJIHATA cpena B bhirapus, KonTo ce M3MoN3BaT 3a peryjaupane Ha Obiarapckara

WHITYCTPHSL.
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The results from the EPR studies on wheat and oat bran, rolled oats, buckwheat and different kind of rice — white,
brown and parboiled rice before and after gamma-irradiation are reported. Before irradiation all samples exhibit one
weak singlet EPR line characterized with common g-factor of 2.0048+0.0005 and six lines due to Mn?* naturally
available in the plants. Only parboiled rice did not show any EPR spectrum before irradiation. After irradiation, in
addition of the Mn?* signal a typical “cellulose-like” triplet EPR spectrum appears, attributed to cellulose free radicals,
generated by gamma-irradiation. This EPR spectrum is superimposed by a partly resolved “carbohydrate” spectrum,
which however is the main spectrum for parboiled rice samples. The fading kinetics of radiation-induced EPR signals
were studied for a period of 90 days after irradiation. The reported results unambiguously show that the presence of
characteristic EPR spectra of cereal samples can be used for identification of previous radiation processing.
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INTRODUCTION

Irradiation of various food products with high
energy radiation have been used as effective tool
for  their  disinfestations and  microbial
decontamination, suitable also for their long-term
preservation [1]. Gamma-irradiation has established
itself as a safe, secure and clean procedure for
sterilization of foodstuffs including in the final
packing. The results show that the quantity of
irradiated foods in the world in 2005 was 405,000
ton [2]. However, this manipulation should be
under control, which is the reason for many recent
studies creating suitable analytical methods [3]. As
a result, ten protocols were adopted by the
European Committee of Normalization, from which
six primary and the remaining for screening
purpose. Three of the main protocols use EPR (also
known as ESR) since high energy radiation yields
free radicals in foods, which are stable for a given
period of time and therefore easily detected by
EPR. One of them (EN 1787) treats cellulose
containing foodstuffs, in which “cellulose-like”
EPR spectrum appears after irradiation [4].

Cereals, especially wheat is an important
nutritive for mankind because of its unique quality
characteristics and the fact that large quantities can
be produced, harvested, stored and transported in an
efficient way. EPR spectroscopy was applied to the
studies on laser induced free radicals in wheat
grains [5] and in oat grains [6]. Free radicals in
irradiated wheat flour were investigated by EPR
[7]. The possible use of oat, wheat and corn kernels
as dosimeters for high-energy radiation were
discussed [8]. Basmati rice were studied by EPR
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and  Thermoluminescence  methods. EPR
investigation of 0.5-2.0 kGy irradiated basmati rice
samples showed short lived free radicals. In view of
this the possibility to identify irradiated rice by the
relaxation characteristics and thermal behaviour of
the free radicals were examined [9] in accordance
with our previous research [10]. Rice noodles could
be confirmed for irradiation treatment using ESR
spectroscopy [11].

In the present communication we report the EPR
spectra obtained before and after gamma-
irradiation of some widely spread non investigated
cereal foodstuffs in order to prove radiation
treatment.

EXPERIMENTAL
Samples

Wheat and oat bran, rolled oats, buckwheat and
different kind of rice — white, brown and parboiled
rice were purchased from local market, and were
divided in two portions. The first batch were passed
for irradiation, the second was separated as a
control samples.

Irradiation

All samples were simultaneously gamma-
irradiated by “Gamma 1300 irradiator with a
single dose of 10 kGy. The irradiation was
performed at room temperature and in the air. All
further manipulations of the irradiated cereals were
performed at least 72 h after irradiation in order to
avoid any interference by the radiation induced
short living paramagnetic species.

Instrumentation

EPR measurements were performed at room
temperature on Bruker ER 200 D SRC spectrometer
operated in X-band. Standard rectangular cavity
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(ER4102ST) operating in TE102 mode and 100
kHz magnetic field modulation were used. All
samples were accommodated in quartz EPR sample
tubes (i.d./o.d. 4/5 mm). The g-values of all
samples were estimated using “EPR marker”
available in the F-F Lock module (ER 033) —in our
spectrometer g- mark is 2.0050.

RESULTS AND DISCUSSION
EPR spectra before irradiation

Before irradiation EPR spectra of all samples
exhibit one weak singlet line (Figure 1a)
characterized with common g = 2.0048+0005,
which is equal to that observed in all plant origin
foodstuffs. It is attributed to free radicals of semi-
guinones [12] or to oxidation products of fatty acids
present in some fruits and vegetables [13]. In
addition to the weak singlet another spectrum can
be detected (Figure 1b). It consists of six lines
(marked with asterisks in Figure 1b) due to Mn?*
naturally available in the plants (nuclear spin of
*Mn, which is 100% in the natural abundance, is
5/2). The spectrum of Mn?* is characterized with g
= 2.0014+0.0005 and A, = 75+1G. Only parboiled
rice did not show EPR spectrum before irradiation.

I mT

EPR spectra after irradiation

As for non-irradiated samples a spectrum due to
Mn?" ions (Figure 2a) can be detected for the
samples after radiation treatment. Manganese
spectrum is radiation independent. More precise
analysis of the EPR spectra after irradiation of
wheat and oat bran, rolled oats, buckwheat, white
and brown rice (Figure 2b) show that they are
similar, consisting of central intense line with
g=2.00484+0.0005 and two weak satellite peaks
separated ca. 3 mT left and right to it. The central
line of the triplet is buried by the natural singlet.
The presence of two satellite lines is considered in
the Protocol EN 1787 as unambiguous evidence for
previous radiation treatment of plant origin
foodstuffs. Radiation induced triplet, called
“cellulose-like”, is attributed to cellulose free
radicals [14]. On the other hand, additional doublet
of lines (marked with asterisks in Figure 2b) are
recorded in the EPR spectra of studied samples
overlapped with the “cellulose-like” (marked with
arrows in Figure 2b) spectrum. This doublet may be
attributed to free radicals of starch [15] (Chabane et
al., 2001) known as “carbohydrate” spectrum [16].

Fig. 2. EPR spectra of irradiated wheat and oat bran, rolled oats, buckwheat, white and brown rice, recorded at magnetic
field sweep 60 mT (a) and 10 mT (b); parboiled rice 10 mT (c).
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There is no difference between EPR spectra of
wheat and oat bran, rolled oats, buckwheat, as well
as white and brown rice except intensity. EPR
spectrum of irradiated parboiled rice (Figure 2c)
differs from the spectra of all other samples. For
this sample ‘“carbohydrate” spectrum is better
pronounced and “cellulose-like” spectrum is not
registered.

Study of the EPR fading kinetics

In order to find the time stability of radiation-
induced EPR signals of cereal food samples, their
decay kinetics was studied for a period of 90 days
after irradiation. It follows from Figure 3 that the
intensity of the radiation induced signals of the
food samples gradually decrease in identical way
with the storage time. Nevertheless the following
order of stability is recorded: parboiled rice >
white, brown rice > buckwheat > rolled oats >
wheat and oat bran.
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Fig. 3. Kinetics of fading of the radiation induced signals
in parboiled rice (a); white, brown rice (b); buckwheat
(c) rolled oats (d); wheat and oat bran (f).

CONCLUSION

The obtained EPR spectra of some gamma-
irradiated cereal foodstuffs are complex because of
the overlapping signals of different free radicals
due to carbohydrates. Nevertheless, the individual
components of each spectrum lead to the specific

EPR spectra. Identification of radiation treatment
can be proved by these characteristic EPR spectra,
thus enriching European protocols concerning
irradiated foodstuffs.
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EITP U3CJIEIBAHE HA 'AMA-OBJIBYEHU 3bPHEHU XPAHU
K.J. Anekcuesa*, H.JI. Mopnamos
Hucmumym no kamanus, bvreapcka akademus na naykume, yi. ,,Axao. I'. bonueg™ o1. 11, Cogus 1113, Bvaeapus
Toctbnuna Ha 7 asryct, 2014 r.; npueta Ha 10 gekemppu, 2014 T.
(Pesrome)

IIpencrasenu ca pesynratu ot EIIP u3cnenBane Ha NIIEHUYEHU U OBECEHU TPHULIM, OBECEHU SIIKHU, €1/1a U Pa3Iu4HU
BHIOBE OpH3 - OsUI, KasB M OJaHIIMPaH OpU3 MPEIH U ciiell rama-oonpuBane. [lpenn obapuBaHe Mmpu BCHYKH POOH ce
peructpupa cinadba cunriaerHa EIIP nunus, xapakrepusupaia ce ¢ g-hakrop 2.0048+0,0005 u miect JITMHUU, KOUTO ce
IbJKaT Ha Mn?* HOHM NMPUPOJHO CHABPXKAIM CE B PACTEHHMATA. EJMHCTBEHO ONaHIIMpaHus Opu3 He Tokazsa EITP
cnekTep npemu obnbuBaHe. Cies 0ONbYUBAHE 3a€HO ChC CHIHala OT Mn?* [oHM, ce JeTeKTHpa TUIIHYEH
LHlenynozononooen” Tpuruieten EIIP crmekThp, KOWTO Ce MpHUNHCBA Ha CBOOOJHHM paJdKald OT LeNyJio3aTa,
TeHepUpaHH B CJIEJCTBUE Ha ramMa-o0iapuBaHe. B nombiHeHne Ha To3u ETIP criekThp e Hacno)KeH U YacTHYHO pa3pelieH
,BBIIIEXUIPATEH" CIIEKTBP, KOMTO € OCHOBEH CIEKTHP 3a IMpoOuTe oT OiiaHmupaH opu3. KuHeTHkara Ha 3aTHXBaHe Ha
pamnanmonHo-uHAynupanute EINP curnamm e mpocnenena 3a mepwox ot 90 mum cien oOmpuBaHe. JloKimagBaHHTE
pe3ynTaTu IMoKa3BaT HEJBYCMHCIICHO, Y€ NMPHUCHCTBUETO Ha xapakTtepHH EIIP crextpu Ha mpoOm OT >KUTHH PAacTCHUS
MOXE J1a C€ M3II0JI3Ba 3a WACHTU(HUINpPAHE Ha IIPEAXOAHA paJliallioHHa 00padoTKa.
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In the present work an Electron Paramagnetic Resonance (EPR) spectroscopic study of y irradiated mannitol and
stevia is reported. It is found that the EPR spectra of irradiated samples strongly depend on the applied microwave
power and modulation amplitude. On the basis of microwave saturation is found that both mannitol and stevia EPR
spectra are complex, containing at least two individual and overlapping signals. The produced free radicals are stable at
room temperature at least six months. This is the fundament to distinguish irradiated products containing mannitol or
stevia from non-irradiated ones even six months after irradiation.

Keywords: EPR spectroscopy, y radiation, mannitol, stevia.

INTRODUCTION

In the last three decades EPR or ESR (Electron
Spin  Resonance) spectroscopy has expanded
significantly in the field of practical applications.
This is mainly due to its selectivity (only
paramagnetic substances), high sensitivity (10! —
102 M) and non-destructive analysis.  One
direction in this field is detection of radiation
induced defect in the matter. On the other hand
gamma radiation is considered as a clean, not too
expensive and effective method for sterilization of
foodstuffs [1], medical and pharmaceutical
products [2], etc. The irradiation procedure must be
controlled because generated paramagnetic defects
or free radicals in the mater and especially their
recombination products in the food form new,
unknown substances with unknown effects in
regard to human health. This fact justifies the
necessity of control of the radiation processing. A
lot of works described the application of EPR
method for identification of irradiated foodstuffs
[3-7] as well as for dosimetric control [8,9] were
published. In the literature there is only one
publication about EPR investigations of gamma
irradiated stevia [10] who study it as a material for
accidental dosimetry. This study demonstrated the
potential use of sweeteners for retrospective
dosimetry. No data about EPR investigation of
gamma-irradiated mannitol are reported up to now.

In the present work for the first time EPR
spectra of gamma irradiated mannitol and stevia in
respect to their structure and time stability in order
to their potential application for identification of
irradiated foodstuffs containing them, as well as for
dosimetric purposes are reported.

* To whom all correspondence should be sent.
E-mail: daniepr@ic.bas.bg

EXPERIMENTAL

Materials.  Mannitol  (CgHs(OH)s)  was
purchased from Aldrich whereas stevia (made from
the leaves of the plant species Stevia rebaudiana
with sweet taste coming from steviol glycoside
(C20H3003)) was purchased from local market. The
substances were used as obtained.

Irradiation. The samples were irradiated with
single dose of 10 kGy y-rays on “Gamma-1300”
irradiator (**’Cs) in air and at room temperature.

Instrumentation. The EPR spectra were
recorded at room temperature on a JEOL JES-FA
100 EPR spectrometer operating in the X-band,
equipped with a standard TEon cylindrical
resonator.

RESULTS AND DISCUSSION
Features of the EPR spectrum of mannitol and
stevia

In non-irradiated samples of mannitol and stevia
no EPR spectra were recorded. After irradiation the
samples exhibit an unresolved and a complex signal
containing several overlapped and not well resolved
EPR patterns. The nature of these radicals is not
clear up to now. Figure 1la shows the EPR spectrum
of gamma irradiated mannitol which is
characterized with g factor 2.0170 £+ 0.0002 of the
most intense peak. The first step after irradiation
was to study the influence of the instrumental
settings microwave power and modulation
amplitude on the EPR signal in order to find more
deep information about their possible structure. It is
seen from Figure 1a that the radiation induced EPR
spectrum of mannitol is consists of four peaks
(noted as P1, P2, P3 and P4) all sensitive to the
magnitude of the applied microwave power (Figure
1b).
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Fig. 1. (a) EPR spectrum of irradiated mannitol; (b) EPR signal intensity of irradiated mannitol as a function of square
root of microwave power.

1200+

900+

600 4

EPR intensity, a. u.

3004

a

1800 - —a—P1 b
—— P2
1500 ——P3
—a—P4

T T T 1
3 4 5 8

P12 mw

Fig. 2. (a) EPR spectrum of irradiated stevia; (b) EPR signal intensity of irradiated stevia as a function of square root of
microwave power.

It was found (Figure 1b) that the peaks P1, P2
and P4 have equal behavior of saturation - they are
saturated at microwave power less than 0.2 mW
and above 8 mW they disappear. Because of the
same behavior of saturation from the applied
microwave power it was concluded that the peaks
P1, P2 and P4 probably are belonging to one and
the same free radical. The peak P3 is slightly
broadened at microwave power higher than 1mWw,
which unambiguously indicate saturation effect but
it is well observed at 8 mW and higher power. In

156

respect of the applied modulation amplitude the
EPR spectrum of irradiated mannitol linearity
depends of it up to 0.16 mT and after that over-
modulation of the separate EPR lines appears. In
view of this it may be concluded, that in gamma
irradiated mannitol at least two free radicals are
present.

Figure 2a shows the EPR spectrum of irradiated
stevia which is composed of four peaks marked in
the figure as P1, P2, P3 and P4. These peaks are
characterized with g-values 2.0379, 2.0280, 2.0155
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and 2.0045 (£ 0.0002) respectively. The behavior
of to microwave power saturation and modulation
amplitude shows increasing of the EPR signal
intensity to about 1 mW but linear dependence is
obtained to and down 0.3 mW (Figure 2b). On the
other hand the peak P4 disappear over 10 mW. In
view of the dependence of the EPR signal intensity
from the applied modulation amplitude as a whole
there are not changes in the EPR spectrum of stevia
up to 0.6 mT modulation amplitude, after that the
spectrum become slightly broadening.

Time stability of radiation-induced EPR signals

Previous works [11,12]show that immediately
after irradiation, the shape and the intensity of the
EPR spectra of saccharides undergo changes during
a certain period of time, characteristic for each
material. Having this in mind, the EPR spectra of y
-irradiated mannitol and stevia were monitored for
six months after the irradiation. It was found that
the EPR spectra of both samples undergo small
transformations in the first days after irradiation.
After that the shape of the spectra of irradiated
mannitol and stevia remains unchanged only
decreasing of the intensity of the EPR spectra with
250 g.kg! was recorded. This means that six
months after irradiation these substances are
suitable for identification of radiation processing.
Moreover, mannitol and stevia can be considered as
appropriate substances for dosimetric purposes.

The obtained results describe for the first time
some features of EPR spectra of manitol and stevia.
It is shown that each spectrum consist at least two
independent paramagnetic species. Also it may be
suggested that using EPR technique is possible to
investigate irradiated foodstuffs containing them as
well as for their potential as dosimetric materials.
The present initial studies about EPR investigation

of mannitol and stevia suggest that some additional
work must be done though, before it can be taken in
regular use.
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the financial support.
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E®EKT HA TAMA PAJJIMALINA BBPXY 3AXAPU/IU: EITP U3CJIEABAHE

. Kapakuposa®, H. Mopganos

Hnemumym no kamanus, bvreapcka akademus na naykume, yiu. ,,Axao. I'. bBonues ™ 6n. 11, Coghusa 1113

[Mocremuna Ha 12 aBryct, 2014 r.; npuera Ha 17 nekemBpu, 2014 T.

(Pestome)

B nacrosimara paborta ca IpencTaBeHH pe3yiTaTH OT M3CIe/lBaHEe HA raMa OONbUYEHM MAHHTON U CTEBHS C
Enextpon Ilapamarauren Pesonanc (EIIP) cniektpockonusi. YcraHoBeno e, ue EIIP cnekTspa Ha oOnbueHuTe npodu
3aBUCH CWJIHO OT NPWJIOKEHATa MUKPOBBJIHOBA MOIIHOCT M aMIUIMTYyla Ha MoAyJanus. Bb3 oCHOBa Ha HaCHUILAHETO Ha
EIIP curnana npu yBeindaBaHE HA MUKPOBBJIHOBaTa MOLIHOCT € YCTaHOBEHO, ue EIIP ciexkTpure Ha MaHUTON U CTEBUS
ca CIIOKHH M ChIBPXKAT Hal-MaiKo ABe oTaenHN U npunokpusany ce EITP muamn. OOpa3yBanuTe cBOOOIHU paguKaIn
ca cTaOWIIHM IIpU CTaifHa TeMIlepaTypa Haii-MaJIKo IecT Mecera. ToBa JaBa Bb3MOXKHOCT Jla CE€ PasrpaHU4aT 00JbUCHU
MaHHTOJI ¥ CTEBUS ChABPIKAIIN MIPOAYKTH OT HEOOTBUYCHH, TOPH IIECT MEcena cie 00IbpYBaHe.
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text files is clearly indicated. It is recommended that
the pictures are presented in *.tif, *.jpg, *.cdr or
*bmp format, the equations are written using
“Equation Editor” and chemical reaction schemes

are written using ISIS Draw or ChemDraw
programme. The authors are asked to submit the
final text with a list of three potential reviewers.
The Editorial Board of the journal is not obliged to
accept these proposals.
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