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Introduction. The main objective of this
investigation is to study the relationships of chemical
composition, physical properties, botanical and
geographical origin, and age of honey with its spectral
parameters which can be used as taxonomic indices or
indicators of honey state, quality and possible
adulteration.

Materials and methods. Two non-destructive
spectroscopic methods of honey authentication such as
Near-Infrared  Spectroscopy and  Fluorescence
Spectroscopy were used.

Results and discussion. The intensity of
absorption spectra can be used as a criterion of
geographical origin or age of honey.

The intensity of emission fluorescence spectra of
honey depends on the geographical origin, its age, and
on the type of honey.

The effect of temperature on the fluorescence
intensity of honey demonstrated that the increasing of
temperature provoked the decreasing of the
fluorescence intensity. It was established the
correlation between fluorescence properties of honey
and the presence of water in it.

The reflectance spectra of honey samples in NIR
part of the spectrum are characterized by a number of
reflectance bands near 1,779 nm, 1,933 nm, and 2,290
nm; the relative intensity of the spectral bands
depends on the type and age of the sample. It is very
informative to use spectral parameters of honey in
NIR part of spectrum for the non-destructive
detection of honey adulteration.

Conclusions. Methods of near-infrared and
fluorescence spectroscopy can be explored in honey-
breeding. Both spectroscopic techniques can be used
for non-destructive, fast and precise diagnostics of
honey. The chemical composition, physical properties,
botanical and geographical origin, and age of honey
are closely related to spectral parameters of honey
which can be used as taxonomic indices or indicators
of honey state, quality, and aduteration.
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Introduction

Definition of Honey

Honey, according to the accepted definition [Codex..., 1969], is the natural sweet
substance produced by honey bees from the nectar of plants (Blossom Honey or Nectar
Honey), or from secretions of living parts of plants, or excretions of plant sucking insects
on the living parts of plants (Honeydew Honey), which the bees collect, transform by
combining with specific secretions of their own, deposit, dehydrate, store and leave in the
honeycomb to ripen and mature. Physical properties of honey are related to its state, age,
presence of water and level of crystallization. All these factors affect the quality of honey.

Composition of Honey

Honey is a product with complex chemical composition: it contains plant pigments
(carotenes, xanthophylls, chlorophyll), mineral substances, sugars, and various impurities.

The main components of honey are sugars, which are presented by fructose (37.20%),
glucose (31.28%), sucrose (1.31%), maltose (7.31%), etc. [Je'Anne, 1991]. Blossom honey
differs from honey dew by the values of simple sugars, disaccharides, higher sugars, acids,
mineral salts and nitrogen content. The concentration of sugars can be used as a criterion of
honey adulteration, which is provoked with the artificial addition of syrup, sucrose that is
hydrolyzed with acids, starch or beetroot treacle in honey [Chudakov, 1967]. That is why
precise quality evaluation of honey has long been the goal of many investigators and
specialists who are related to honey-breeding [Vorwohl, 1984, 1990; Gonnet, 1986;
Vakhonina et al., 1987; Dustmann, 1993; Mautz, 1993; Campos, 1994]. The composition of
honey also reflects the contaminants which are present in the area of bee activity.

Honey Quality

High-quality honey can be distinguished by the aroma, taste and texture. Besides, good
quality honey can not contain more than 18% water. High water level can cause the process
of fermentation of honey and loss of its quality.

The quality of honey has been recognized by the European Directive (Council
Directive, 1974) and the Food Standards Code (Codex Alimentarius standard, 1993).
International Honey Commission, which was established in 1996, has revised the contents
of these documents in recent years [Codex ..., 1993; Proposal ..., 1996; Bogdanov et al.
1999; Council Directive, 2001; Revised Codex ..., 2001] proposing specific quality
parameters of honey and methods of its evaluation. The standard drafts include standards
and methods for the determination of such quality factors as moisture, ash, acidity, HMF,
apparent reducing sugars, apparent sucrose, diastase activity and water-insoluble matter.
International honey standards for fructose/glucose content, the sucrose content and
electrical conductivity were proposed. In addition, other quality factors, such as invertase
activity, proline and specific rotation has been discussed.

The term non-destructive quality evaluation of honey means that the analysis of the
honey sample and collection of its essential characteristics are carried out in such a way that
physical and chemical properties of the sample are not changed.

Spectroscopic Analysis of Honey

Traditional methods of honey analysis are time-consuming and costly. That’s why,
there is a need for a new analytical technique that will enable non-destructive, fast and
reproducible authentication of the botanical and geographic origins at low cost.
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Development of non-destructive methods, which are based on the analysis of the
sample without any alterations of product attributes, present the problem of great practical
significance. Spectroscopic methods occupy an important place among the comprehensive
tests [Posudin, 2005]. These methods include the measurement of difference between input
and output light signals during interaction of light with the sample (absorption,
transmission, reflection, scattering, re-emission) and analysis of the dependence of this
difference on the wavelength. Besides, spectroscopic methods are rather fast and precise.
Effects of honey type, age, temperature, water content and degree of sugar adulteration on
the spectral properties of honey can also be studied.

Certain spectroscopic methods that have been applied to honey control are mentioned
in the literature: spectrophotometry [Yao and Chen, 1985; Yao and Fan, 1985; Salinas et
al.,, 1994,4,b], optical activity measurement [Juan et al., 1992], atomic spectroscopy
[Petrovic et al., 1994; Salinas et al., 1994], nuclear magnetic resonance [Ohmenhaecuser et
al., 2013]. However, the fact is that honey presents a non-transparent and opaque substance;
the application of the abovementioned methods requires either the dilution, or special
preparation of the samples. Method of NMR spectroscopy makes it possible to detect very
fine structural components, but this technique is very expensive, time consuming, spectra
take long time to interpret.

Near-infrared (NIR) spectroscopy is a spectroscopic method that uses the near-infrared
(700 nm—2500 nm) region of the electromagnetic spectrum.

It was shown that methods of near infrared spectroscopy (NIR) and mid infrared
spectroscopy (MIR) can be applied for honey detection, particularly for quality control
analysis, determination of botanical and geographical origin and detection of adulteration of
honey. The principle, technology path, accuracy, influence factors, and the development
trend are discussed [Tu et al., 2010].

Method of Fourier transform infrared spectroscopy (FT-IR) was used for the
determination of water, glucose, fructose, sucrose, melezitose and monosaccharide content
in honey as well as fructose/glucose ratio, glucose/water ratio, electrical conductivity, pH-
value and free acidity [Ruoff et al., 2006]. The results demonstrate that mid-infrared
spectrometry is a valuable, rapid and non-destructive tool for the quantitative analysis of
honey. More than 1600 samples of honey were analysed using FT-IR and reference
methods to develop a partial least-square regression based calibration model for the major
components of honey (sugars, proline, free acids, invertase, moisture,
hydroxymethylfurfural, pH and electrical conductivity) [Lichtenberg-Kraag et al., 2002].
Fourier-transform infrared spectrometer was used to determine botanical origin of 144
samples of nine different unifloral honey types from different Croatian regions [Sveénjak
etal., 2011].

The results of this study showed that FT-IR spectrometry provides reliable results, but
also represents rapid, simple and cheap analytical tool in comparison to commonly used
standard analytical methods.

Fourier transform infrared attenuated total reflectance (FT-IR ATR) spectroscopy was
applied to 14 different samples of northeast Brazilian honey. The results showed that mid-
infrared spectrometry can be used as a screening method for the routine analysis of
Brazilian honey, with the advantages of being rapid, non-destructive, and accurate
[Almeida-Muradian et al., 2014].

Honey is a classic object of adulteration through the addition to natural honey such
substances as sucrose, sugar, glucose, partial invert cane and corn syrups, and beet sugar,
dextrin, starch, unripe honey, molasses, honeydew, and artificial sweeteners. Some samples
of honey can be contaminated with heavy metals, pesticides, and antibiotics. Various
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spectroscopic methods of honey adulteration detection are used such as headspace-mass
spectrometry, gas chromatography, combination of gas chromatography and mass
spectrometry, terahertz time-domain spectroscopy, NIR spectroscopy, which can be used
successfully to identify authentic honey from adulterated one [Posudin et al., 2015].

Fluorescence spectroscopy is a type of electromagnetic spectroscopy which analyzes
fluorescence from a sample.

It was shown that unifloral honeys with very characteristic fluorescence spectra, such
as chestnut honey, can be easily recognised using only one of the single spectra recorded.
Honey types having less characteristic spectra, such as alpine polyfloral or lowland
polyfloral honeys, need a combination of several spectra for a reliable authentication [Ruoff
et al., 2005].

Front-face fluorescence spectroscopy, directly applied on honey samples, was used for
the authentication of 11 unifloral and polyfloral honey types (n = 371 samples) previously
classified using traditional methods such as chemical, pollen, and sensory analysis. This
study indicates that front-face fluorescence spectroscopy is a promising technique for the
authentication of the botanical origin of honey and may also be useful for the determination
of the geographical origin within the same unifloral honey type [Ruoff et al., 2006]. This
technique combined with chemometrics was used to classify honey samples according to
their botanical origin. Synchronous fluorescence spectra of three monofloral (linden,
sunflower, and acacia), polyfloral (meadow mix), and fake (fake acacia and linden) honey
types (109 samples) were studied. The results demonstrated that this method is a valuable
and promising technique for honey authentication [Lenhardt et al., 2014].

Fluorescence spectroscopy coupled with parallel factor analysis (PARAFAC) and
Partial least squares Discriminant Analysis (PLS DA) were used for characterization and
classification of honey [Lenhardt et al., 2015].

Method of fluorescence spectroscopy showed that while the major contributor to the
fluorescence of cane sugar syrup is the reduced form of nicotinamide adenine dinucleotide,
the fluorescence of honey is dominated by flavins. The difference in the synchronous
fluorescence spectra of honey and cane sugar syrup could be used to monitor adulteration
of honey by cane sugar syrup [Ghosh et al., 2005].

Fluorescence spectroscopy was used for quality control of honey, particularly to
describe the types of honey and to distinguish the honey samples with added artificial
sweeteners from natural ones [Nikolova et al., 2014].

The main objective of this investigation is to evaluate two non-destructive
spectroscopic methods of honey authentication: Near-Infrared Spectroscopy and
Fluorescence Spectroscopy.

Materials and methods

The samples of honeydew, which were used in these experiments, were taken from the
collection of Bavarian Institute of Bee-Breeding (Erlangen, Germany)', and the samples of
honey — from different regions of Ukraine: Kyiv, Dnepropetrovsk, and Crimea. Samples
with different percentage of sucrose were prepared in National University of Life and

! The samples of honeydew were presented by the courtesy of Dr. D. Mautz.
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Environmental Sciences of Ukraine, Kyiv, for obtaining useful information about
adulteration of honey. Descriptions of all the samples are given in Table 1. The
measurements of spectroscopic properties of Bavarian "Tanne" samples were performed in
1993, and of the Ukrainian honey samples in 1994,

Table 1
Samples of honey which were used in the experiments
No Type Geographic Year
of Honeydew Origin of Collection
1 Abies alba, Schwarzwald (“Tanne") Germany, Bavaria 1989
2 " «“ 1992
3 Abies alba, Bayerischerwald « 1990
("Tanne")
Geographical Year of
Type of Honey Origin Collection
4 Monofloral, Acacia Ukraine, Crimea 1993
5 Monofloral, Sunflower « «
6 Polyfloral, Esparcet-Rape-Acacia “ “
7 Polyfloral, Sage-Lavender « «
8 Polyfloral, Sonchus-Buckwheat “ “
Sunflower « «
9 Acacia Ukraine,
" Verkhniodniprovsk 1993
10 " Ukraine, “
Pavlivka
11 " Ukraine, Motronivka «
12 " Ukraine, Vodiane «
13 " Ukraine, “
Didove
14 " Ukraine, Andriivka «
15 " Ukraine, “
Malyi Bukryn
16 " Ukraine, “
Kyiv
17 | Lime-Tree “ 1996
18 | Multiherbal Collection « “
Instrumentation

The spectra of absorption and reflection of honey in the ultraviolet and visible part of
the spectrum were measured with spectroscopic complex KSVU-23 ("LOMO", Russia),
which was equipped with a double monochromator, diffraction gratings, and computer.

The investigation of fluorescence spectra of honey was performed with the
spectrofluorometer SDL-2 ("LOMO", Russia) in the regime of photon counting. The
spectral range during these measurements was 200—700 nm; the errors of measurement
were 2 nm for intensity of the bands and 5 nm for half-width of the bands.
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The reflectance spectra in the near-infrared (NIR) part of spectrum (1,620-2,320 nm)
were measured with analyzer Model 4250 ("Pacific Scientific", USA). This analyzer has
three ranges: 1,620-1,800 nm, 1,890-2,115 nm, and 2,050-2,320 nm. Reproducibility of
the results was better than 0.015 nm. The NIR spectrum was estimated as the dependence
of optical density D = log(I/R) on the wavelength A (where R is reflection coefficient). All
measurements were performed at room temperature.

Result and discussion

Results of Spectroscopic Analysis of Honey

The absorption spectra of honeydew ("Tanne") in ultraviolet and visible parts of the
spectrum are presented in Figure 1. A certain shoulder near 250-275 nm is standing out
against the background which is decreasing monotonously from 200 to 700 nm. The
presence of the shoulder in absorption (reflectance) spectra of honey testifies the
participation of several honey components in formation of absorption (reflectance) spectra
in the ultraviolet and visible parts of the spectrum. The intensity of absorption can be used
as a criterion of geographic origin or age of honey.

s 1.0
i
g \\\\
£ 08 2
AN
=
RN\
=
0.2 §
100 300 400 500 550
Wavelength, nm

Figure 1. Absorption spectra of honey in ultraviolet and visible parts of spectrum:
1 — Schwarzwald "Tanne", 1989; 2 — Schwarzwald "Tanne", 1992;
3 — Bayerischer "Tanne", 1990
[Posudin et al., 1995]

The excitation fluorescence spectra of honeydew were investigated for different
wavelengths of fluorescence emission (440 nm, 560 nm, and 575 nm).

The emission fluorescence spectra of honeydew are characterized by a broad band
(about 100—150 nm); the spectral position of its maximum depends on the wavelength of
excitation. These maxima are located near 420 nm (4., = 350 nm), 480 nm (Aex. = 400 nm),
and 510 nm (A = 450 nm). The maximal intensity of emission takes place during
excitation in the ultraviolet part of the spectrum. The fluorescence intensity of honeydew
depends on the geographical origin and its age. Typical fluorescence emission spectra of
honeydew are presented in Figure 2.
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Figure 2. Fluorescence emission spectra of honey (samples N1-N3).
Wavelength of excitation 400 nm
[Posudin et al, 1995]

The fluorescence intensity of honey also depends on the type of honey (Table 2); the
samples of the same type of honey (Acacia), which were collected from different parts of
one region and of one age, demonstrated quasi equal intensity of fluorescence, but this
intensity depends on the age of honey (Table 3).

Table 2
Dependence of fluorescence intensity of honey on the geographic origin
Number of sample Type Fluorescence
(From Table 1) of honey Intensity
4 Monofloral, Acacia 0.29 £ 0.064
5 Monofloral, Sunflower 0.48 +0.088
6 Polyfloral, Esparcet-Rape-Acacia 0.38 +£0.031
7 Polyfloral, Sage-Lavender 0.69 + 0.096
8 Polyfloral, Sonchus-Buckwheat- 0.43 £0.045
Sunflower
Table 3

Dependence of fluorescence intensity on the geographic origin
and year of collection of honey

Number of Sample Geographical Year Year
(From Table 1) Origin

1993 1994

9 Verkhniodniprovsk | 0.30 +0.08 [ 0.53 £ 0.07

10 Pavlivka 0.21+£0.050.68 £0.07

12 Vodiane 0.31+0.09|0.82+0.16

13 Didove 0.34+0.10 | 0.44+0.03

14 Andriivka 0.28 +0.09 | 0.50 +£ 0.02

15 Malyi Bukryn 1.28 +0.06 | 2.05+0.09
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The dependence of intensity, half-width, and spectral position of fluorescence spectra
on the wavelength of excitation and emission means the participation of several
fluorophores in formation of fluorescence spectra of honey.

The effect of temperature on the fluorescence intensity of honey is demonstrated in
Figure 3.
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Figure 3. Dependence of fluorescence intensity of honey on the temperature.
— o —— monofloral, acacia, sample N4;
- A - — monofloral, sunflower, sample N5;
-A- — polyfloral, sage-lavender, sample N7;
-e- — polyfloral, sonchus-buckwheat-sunflower, sample N8
[Posudin et al., 1995]

It is shown that the increasing of temperature provokes the decreasing of the
fluorescence intensity.

The correlation between fluorescence properties of honey and the presence of water in
it was also investigated. The quantity W of water was estimated with the refractometric
method according to the following relation [Aganin, 1989]:

W= 400[1.538 — n(20 °C)] (1)

where # is the coefficient of refraction.

The results of these measurements are presented in Table 4.

The coefficients of correlation were calculated for polyfloral honey (r = —0.96) and

monofloral honey (» = —0.87). This strong negative correlation between the presence of
water in honey and fluorescence intensity can be used for quality evaluation of honey.
The reflectance spectra of honey samples in NIR part of the spectrum are characterized by
a number of reflectance bands near 1,779 nm, 1,933 nm and 2,290 nm; the relative
intensity of the spectral bands depends on the type and age of the sample (Figure 4). The
samples taken from different parts of the same geographic region produced the same shape
of the reflectance spectra, which were distinguished by the intensity of spectral bands only
(Figs.5 and 6). However, the samples that were taken from different geographic zones
demonstrated different shapes (Figs. 4 and 5).

444 ——Ukrainian Food Journal. 2016. Volume 5. Issue 3



Food Technologies

Table 4

Results of estimation of quantity W of water by fluorescence and refractometric methods

Index of | Quantity | Fluorescence Index of Quantity Fluorescence
Refraction | of Water Intensity Refraction of Water Intensity
() W) ) () W) U))

Sage- Acacia,
Lavender, Sample N4
Sample N7
1.4961 16.76 2.98 1.4976 16.16 1.45
1.4835 21.80 2.22 1.4785 23.80 1.28
1.4711 26.80 1.52 1.4651 29.20 0.96
1.4651 29.20 1.34 1.4565 32.60 0.88
1.4420 37.50 0.92 1.4282 44.00 0.70
1.4222 46.40 0.78 1.4082 51.90 0.64
1.4061 52.80 0.74 1.3871 60.40 0.62
1.3849 61.20 0.66 1.3600 71.20 0.50
1.3650 68.20 056 1.3500 75.20 0.32
1.3489 75.60 0.42 1.3380 80.00 0.24
1.3380 80.00 0.34 - - -
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)
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Figure 4. Reflectance spectra of honey in near-infrared part of spectrum (samples N 1-3)
[Posudin et al., 1995]
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Figure 5. Reflectance spectra of honey in near-infrared part of spectrum (samples N 9-12)
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Figure 6. Reflectance spectra of honey in near-infrared part of spectrum (samples N 13-16)
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Figure 7. Dependence of reflectance spectra of lime-tree honey (sample N 17) in near-infrared
part of spectrum on the concentration of sucrose which was artificially added to honey:
1 —natural honey: 2 — 20% sucrose; 3 — 40% sucrose; 4 — 60% sucrose [Posudin et al., 1995]
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Figure 8. Dependence of reflectance spectra of multiherbal honey (sample N 18) in near-
infrared part of spectrum on the concentration of sucrose which was artificially added to

1 —natural honey: 2 — 20% sucrose; 3 — 40% sucrose; 4 — 60% sucrose [Posudin et al., 1995]
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It is very informative to use spectral parameters of honey for the non-destructive
detection of honey adulteration. Figures 7 and 8 demonstrate the evolution of the
reflectance spectra for the samples with different concentration of sucrose, which was
artificially added to honey from lime-tree and multiherbal collection respectively. The
curves "reflectance versus sucrose concentration" which are presented in Figure 9, can be
used for quantitative estimation of honey adulteration. The accuracy limits in these
experiments did not exceed 5%.

&
=22
®
E : !
3 2.0- A
§ A
1.8 °
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m16
1.4
20 40 60

Concentration of sucrose, %

Figure 9. Dependence of reflectance of honey on the concentration of sucrose.
Wavelength is 1,779 nm.
- A- — lime-tree honey;
—*— —multiherbal honey
[ Posudin et al., 1995]

Thus, honey is characterized by certain spectral properties in ultraviolet, visible, and
near-infrared parts of the spectrum, which are related to its ability to absorb, transmit,
reflect and re-emit optical radiation. The chemical composition and physical properties of
honey are closely related to its spectral parameters, which can be used as taxonomic
indices or indicators of honey state and quality.

Conclusion

Methods of near-infrared and fluorescence spectroscopy can be explored in honey-
breeding. Both spectroscopic techniques can be used in principle for non-destructive, fast
and precise diagnostics of honey. The chemical composition, physical properties, botanical
and geographic origin, and age of honey are closely related to spectral parameters of honey
which can be used as taxonomic indices or indicators of honey state and quality.

The near-infrared reflectance spectroscopy and fluorescence spectroscopic methods are
simple and inexpensive; they do not require particular sample preparation or special
qualification of laboratory personnel. Both spectroscopic methods provide useful
information about the adulteration of honey.

Acknowledgements. The author thanks Mautz D., Polishuk V.P., Bulavin S.P. and
Istomina V.A for providing the of honey samples, research assistance and discussion of
results.

448 ——Ukrainian Food Journal. 2016. Volume 5. Issue 3



—

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Food Technologies
References

Aganin A.V. (1989), Sanitary Expertise of Honey, Saratov Agr. Inst. Publ., Saratov.
Almeida-Muradian L.B., Sousa R.J., Barth O.M., Gallmann P. (2014), Preliminary data
on Brazilian monofloral honey from the northeast region using FT-IR ATR
spectroscopic, palynological, and color analysis, Quim. Nova, 37(4).

Bogdanov et al. (1999), Honey quality and international regulatory standards: review
by the International Honey Commission, Bee World, 80(2).

Campos M.G. (1994), Controle de qualidade e tipificacao de meis, Apicultor, 2(6), pp.
19-24.

Chudakov, V.G. 1967. Composition and Properties of Sugar Honey and Methodics of
Detection of this Adulteration, Moscovsky Rabochy, Moscow

(1993), Codex Alimantarius Standard for Honey, Ref. Nr. CL 1993/14-SH FAO and
WHO, Rome

Codex Alimentarius Comission CAS/RvS 12/1969, Recommended European Regional
Standard for Honey, FAO/WHCXed., Rome. Codex Stan 12-1981, Rev.l (1987), Rev.2
(2001).

(2002), Council Directive 2001/110/EC of 20 December 2001 relating to honey,
Official Journal of the European Communities, No L 10/47 2002.

Dustmann J.H. (1993), Honey, quality and its control, American Bee Journal. 133(9),
pp. 648-651.

Ghosh N., Verma Y., Majmder S.K., Gupta P.K. (2005), A Fluorescence Spectroscopic
Study of Honey and Cane Sugar Syrup, Food Sci. Technol. Res., 11(1), pp. 59—62.
Gonnet, M. (1986), L'analyse des miels. Description de queiques methodes de controle
de la qualite. Bulletin-Technique-Apicole, 13(1), pp. 17-36.

Je'Anne, F. (1991), Le Miel. Definition, origines composition et proprietes. Buttetin-
Technique-Apicole, 18(3), 76, pp. 205-210.

Juan T. Conchello M.P., Tello M.L., Perez-Arquille C., Herrera A. (1992), Rotation
especifica espcetro glucidico de mieles de Zaragoza, Alimentaria, 28(232), pp. 75-78.
Lenhardt L., Brob R., Zekovi¢ 1., Dramic¢anin T., Drami¢anin M.D. (2014),
Determination of the Botanical Origin of Honey by Front-Face Synchronous
Fluorescence Spectroscopy, Applied Spectroscopy, 68(5), pp. 557-563.

Lenhardt L., Brob R., Zekovi¢ 1., Dramic¢anin T., Drami¢anin M.D. (2015),
Fluorescence spectroscopy coupled with PARAFAC and PLS DA for characterization
and classification of honey, Food Chemistry, 175, pp. 284-291.

Lichtenberg-Kraag D., Hedtke C., Bienefeld K. 2002. Infrared spectroscopy in routine
quality analysis of honey, Apidologie, 33(3)

Mautz D., Rosenkranz P., Schaper F. (1993), Die Tatigkeit der B. Landesanstalt fur
Bienenzucht. Erlangen im Jahre 1991/92, Imkerfreund, 9, pp. 1-29.

Nikolova Kr., Eftimov T., Aladjadjiyan A. (2014), Fluorescence Spectroscopy as
Method for Quality Control of Honey, Advances in Research, 2(2), pp. 95-108.
Ohmenhaeuser M., Monakhova Y.B., Kuballa T., Lachenmeier D.W. (2013),
Qualitative and Quantitative Control of Honeys Using NMR Spectroscopy and
Chemometrics, ISRN Analytical Chemistry, 2013, Article ID 825318.

Petrovic Z.T., Mandic M.I., Grgic J., Grgic Z. (1994), Ash and chromium levels of
some types of honey, Zeitschrift fur Lebensmittel-Untersuchung und Forschung,
198(1), pp. 36-39.

Posudin Yu. (1995), Biophysics, Urozhaj, Kyiv

——Ukrainian Food Journal. 2016. Volume 5. Issue 3

449



22.
23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

450 ——Ukrainian Food Journal. 2016. Volume 5. Issue 3

Food Technologies

Posudin Yu.l. (2005), Methods of Nondestructive Quality Evaluation of Agricultural
and Food Products, Aristey, Kyiv

Posudin Yu.l., Polishuk V.P., Bulavin S.P., Istomina V.A. (1995), Spectroscopic
methods of honey investigation, Visnyk agrarnoi nauky, 6, pp. 7882

Posudin Yuriy, Peiris K.H.S., Kays Stanley J. (2015), Non-destructive detection of
food adulteration to guarantee human health and safety, Ukrainian Food Journal, 4(2),
pp. 207-260, 344, 353.

Proposal for a directive of the European council relating to honey, EU document
96/0114, 1996.

Revised Codex Standard for Honey. Codex Stan 12-1981, Rev. 1 (1987), Rev.2
(2001).

Ruoff K., Karoui R., Dufour E., Luginbiihl W., Bosset J. O., Bogdanov S., Amado R.
(2005), Authentication of the Botanical Origin of Honey by Front-Face Fluorescence
Spectroscopy. Preliminary Study, J. Agric. Food Chem., 53, pp. 1343—1347.

Ruoff K., Luginbiihl W., Kiinzli R., Bogdanov S., Bosset J.O., von der Ohe K., von der
Ohe W., Amado R. (2006), Authentication of the Botanical and Geographical Origin of
Honey by Front-Face Fluorescence Spectroscopy, J. Agric. Food Chem., 54(18), pp.
6858—-6866.

Ruoff K., Iglesias M. T., Luginbiihl W., Bosset J. O., Bogdanov S., Amado R. (2006),
Quantitative Analysis of Physical and Chemical Measurands in Honey by Mid-Infrared
Spectroscopy, Eur. Food Res. Technol., 223, pp. 22-29.

Salinas F., Deespinosa V.M., Osorio E., Lozano M. (1994)a, Determination of mineral
elements in honey from different floral origins by flow-injection analysis coupled to
atomic spectroscopy, Revista Espanola De Ciencia Y Technologia De Ailmentos, 34(4),
pp. 441-449.

Salinas F., Espinosa-Mansilla A. and Berzas-Nevado J.J. (1994)b, Simultaneous
determination of sulfathiazole and oxytetracycline in honey by derivative
spectrophotometry, Microchemical Journal, 43(3), pp. 244-252.

Sveénjak L., Biliskov N., Bubalo D., Barisi¢ D. (2011), Application of Infrared
Spectroscopy in Honey Analysis, Agriculturae Conspectus Scientificus, 76(3), pp. 191—
195.

Tu Z.H., Zhu D.Z., Ji B.P.,, Meng C.Y., Wang L.G., Qing Z.S. (2010), Progress in
quality analysis of honey by infrared spectroscopy, Guang Pu Xue Yu Guang Pu Fen
Xi, 30(11), pp. 2971-5.

Vakhonina T.V., Levina L.P. and Bondareva K.M. (1987), Quality of honey-pollen
products, Pchelovodstvo, 8, pp. 28-29.

Vorwohl G. (1984), Honey and other hive products, and their quality control, Proc. of
the Third Intern. Conf. on Apiculture in Tropical Climates, Nairobi, Kenya, 5-9 Nov.
1984, pp. 169—-170.

Vorwohl G. (1990), Honigquatitatskontrolle und Honigqualitatskriterien in der
Bundesrepublik, Bienenvater, 111(11), pp. 391-398.

Yao C., Chen L. (1985), Determination of traces of lead in honey by spectrophotometry
with tetra(p-trimethylammoniumphenyl-porphine, Shipin-Yu-Fajigo-Gongue, 6, pp.
38-41.

Yao C., Fan C. (1985), Determination of zinc in honey by spectrophotometry with
5,10, 15, 20-tetrakis (4-trimethylammoniophenyl) porphine, Shipin-Yu-Fajiao-Gongue,
2, pp. 17-20.




Food Technologies

Composition and properties of partially hydrolyzed
sunflower protein isolates

Tamara Nosenko?, Valerii Mank?,
Yaroslava Zhukova?, Alyona Cherstva'

1 — National University of Food Technologies, Kyiv, Ukraine
2 — Institute of Food Resources of National Academy of Agrarian Science of

Ukraine, Kyiv, Ukraine

Keywords:

Sunflower
Protein
Isolate
Hydrolysis
Proteases

Abstract

Article history:

Received 24.05.2016
Received in revised
form 14.07.2016
Accepted 01.09.2016

Corresponding
author:

Tamara Nosenko
E-mail:
tnosenko@
yahoo.com

Introduction. Partial enzyme hydrolysis of proteins is
common method of modification of their functional
properties. The characteristics of partially hydrolyzed
proteins obtained from sunflower meal are presented in this
work.

Materials and methods. Proteins of sunflower meal
were extracted in the presence of two proteases viz. neutral
protease and Alkalase during 40 min. Partially hydrolyzed
protein samples were prepared by isoelectric precipitation
and next drying. The polypeptide composition of protein
isolates were studied by polyacrylamide gel electrophoresis,
degree of protein hydrolysis, amino acid composition,
surface activity and functional properties were estimated.

Results and discussion. The polypeptides of higher
molecular weight (45-54 and about 32—35 kDa) were absent
in polypeptide profile of partially hydrolyzed proteins either
of proteases. At the same time they were abounded with 14—
16 kDa polypeptides and polypeptides with molecular
weight lower 14 kDa.

Partially hydrolyzed protein samples had higher protein
content, lower content of ash and carbohydrates as
compared with the control sample. The biological value of
sunflower protein isolates were limited by three amino acids
— sulfur containing amino acids (methionine and cysteine)
and lysine. The content of methionine, cysteine and lysine
has been increased in protein samples obtained with neutral
protease, relative to protein isolate. Differential scanning
calorimetric analyze of protein samples have demonstrated
that partially hydrolyzed samples contained undenaturated
proteins, but their denaturation degree was higher compared
with control samples. Partial hydrolysis of sunflower seed
proteins have improved their solubility in pH range from 2
to 8, water holding, oil binding, foaming, emulsifying
capacities and surface activity.

Conclusions. Partially hydrolyzed protein samples had
higher protein content, lighter color, lower degree of
denaturation and better functional properties compared to
the traditional protein isolates.
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Introduction

Partial enzyme hydrolysis of protein is common method of modification of their
functional properties. The protein hydrolysates are usually prepared from milk or soy
proteins under influence of different proteases. Another source of proteins can be used as
substrate for enzyme hydrolysis too. Parrado et al. [1] and Villanueva et al. [2] have
obtained sunflower protein hydrolysates from sunflower seed protein isolates, Vioque et al.
[3] have produced rape seed protein hydrolysates.

The polypeptide composition of protein isolates have changed as result of protein
hydrolysis under different proteases notably polypeptides of smaller size appeared [2, 4]. It
was shown that soy and sunflower protein hydrolysates had higher solubility in wide pH
range, in despite of native proteins which have destricted solubility at pH of isoelectric
point [2, 4]. The pumpkin oil cake globulin hydrolysates obtained with different enzymes
(hydrolysis degree 5.6-29.8%) had also increased solubility within the studied pH range
[5]. In addition, hydrolysates of cucurbitin obtained with Alkalase and pepsin showed
antioxidant activity.

In most cases limited protein hydrolysis can improve their emulsifying, foaming
properties [3—7] and change sensory characteristics [8].

In our previous works we have shown that extraction of protein from industrial
sunflower meal in the presence of trypsin [9] or microbial proteases [10, 11] resulted in
increase of protein concentration in extracts and protein isolate yield. The protein
concentration in extracts obtained in the presence of proteases was approximately twice
higher than in control samples. The protein hydrolysis degree was sufficiently low and
varied from 3.5% to 5.2% at moderate enzyme/substrate ratio and neutral protease [10].
When enzyme:substrate ratio increased the degree of hydrolysis was also rising and reached
9.0-9.5% during 40-60 min that is desirable for improvement of protein functional
properties, higher hydrolysis level results in loss of protein functionality. The degree of
protein hydrolysis varied from 8.5 to 14.5% when alkaline protease was used at every
investigated enzyme:substrate ratio during 40—60 min. It was shown also that correlation
(r=0.69) exists between concentration of proteins in extracts and degree of protein
hydrolysis under influence of microbial proteases. The model was obtained for estimation
of the affectivity of protein extraction as function of enzyme:substrate ratio and extraction
time.

Changes in polypeptide composition of protein isolates under influence of proteases
resulted in differences of amino acid composition between unhydrolyzed proteins and
proteins partially hydrolyzed by various proteases. Amino acid composition of sunflower
meal, protein isolates (PI) and partially hydrolyzed protein isolates (PHPI, hydrolysis
degree 12.4%) were studied in our previous work [12]. Three amino acids were limiting in
sunflower meal proteins almost in equal extent, notably, valine had amino acid score 71.2%
to FAO/WHO reference protein, isoleucine — 72.5 and lysine — 73.5%, respectively.
Amount of amino acids in PI and PHPI had changed comparing with sunflower meal that is
content of sulfur containing amino acids and lysine in protein isolates decreased drastically.
On the other hand, sunflower protein isolates, obtained by Villanueva et al. [2] and Ivanova
et al. [13], were not limited by the content of methionine and cisteine.

In this work we present the next characteristics of partially hydrolyzed proteins (PHPI,
hydrolysis degree 8—12%), obtained from sunflower meal with assistance of microbial
proteases, notably their composition, solubility in the range of pH 2-8, their surface
activity, emulsifying, foaming capacities, water and oil binding properties, denaturation
temperature and enthalpy of denaturation.
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Materials and methods

Materials. Sunflower meal was collected from local oil extraction plant, Melitopol,
Ukraine. The protein content of meal varied from 33 to 39%. Neutral protease from
Bacillus subtilis (Protolad, 70 FIP-U/g, optimum pH 6.5-7.0, ENZYME, Ukraine) and
alkaline protease from Bacillus licheniformis (Alkalase, 2.4 AU/g, optimum pH 8.5-9.0,
ENZYME, Ukraine) were used for hydrolysis. All chemicals used for experiments were at
least analytical grade.

Preparation of protein isolate and partially hydrolyzed protein isolates. Proteins
were extracted from sunflower meal by sodium chloride solution (70 g/L, pH 7.0) under
constant stirring, at 45 °C for 40—50 min, meal:solution ratio was 1:10 (w:v).

In order to obtain partly hydrolyzed samples, extraction of proteins from sunflower
meal was carried out in the presence of Protolad or Alkalase, with meal:enzyme ratio 100:1.
The protease activity was stopped by heating of reaction mixture at 80 °C for 15 min.

Afterwards, the insoluble residue was precipitated by centrifugation. The supernatant
(protein extract) was used for isoelectric protein precipitation at pH 4.0. After protein
coagulation, pellet was separated by centrifugation (3,000 x g), washed with water solution
(pH adjusted with HCI to 4.0), protein pellet was collected and dried to 6—8% humidity.

Determination of the Protein Hydrolysis Degree. The degree of protein hydrolysis
(DH) was determined according to Popovic et al. [5] in some modification. To a 0.5-mL
aliquot of the supernatant obtained after hydrolysis, an equal volume of 0.5 mol/dm’ 3-
chloro-acetic acid (TCA) was added. The mixture was incubated for 30 min at 4 °C.
Thereafter, the mixture was centrifuged at 7 000 rpm for 10 min. The TCA-soluble
fractions were analyzed to determine the protein content by the method of Lowry et al. [15].
The DH value was calculated as the increase of TCA-soluble protein concentration in the
presence of protease (Cprorease) t0 protein content in control samples (Ceontrol), €Xpressed as a
percentage:

DH = Cprotease - Ccontrol %100

control

Analysis of protein sample composition. Moisture and ash content of protein samples
was determined using the gravimetric method. Oil content was measured according to
Soxhlet’s method. For this purpose 5 g of sample were extracted for 24 hrs using hexane as
a solvent. Crude protein (Nx6.25) was determined by the Kjeldahl method according to
AOAC Method [16]. Crude protein content was calculated with a conversion factor of 6.25.
Carbohydrate content was calculated as difference between dry substances mass and mass
of protein, ash and oil.

Determination of amino acid composition of protein samples. The direct acid
hydrolysis of protein isolates was used to obtain hydrolysates suitable for determination of
all amino acids except cysteine and tryptophan. Hydrolysis was carried out in test tubes by
adding of 1 mL of 6 M HCl to dry sample, corresponding to 2 mg of protein. The mixture
was frozen in a bath at — 80 °C, evacuated, sealed and then samples were exposed at 106 °C
for 24 h in a thermostat. After hydrolysis samples were cooled and HCI was removed from
them by evacuating in dessicator containing NaOH pellet. After drying of samples 4 mL of
deionized water was added and drying procedure was repeated. Dry samples were dissolved
in citrate buffers (0.3 M/L, pH 2.2) and used for amino acid analyses.

——Ukrainian Food Journal. 2016. Volume 5. Issue 3

453



Food Technologies

Amino acid analyzer T 339 (Czech Republic) was used for amino acid content analysis.
Standard amino acid mixture containing 0.5 uM of the 17 commonly occurring amino acid
was used to calculate the amount of amino acids in the samples.

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE). The
polypeptide composition of the protein samples were analyzed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis by the method of Laemmli [17]. The gel system,
containing 0.2% (wt/vol) SDS consisted of a 12% polyacrylamide-resolving gel (pH 8.8)
and a 4% stacking gel (pH 6.8 ) in a minislabs system (Bio-Rad Mini-Protean II Model).
The length of the resolving and stacking gel were 10 and 2 cm, respectively, with a gel
thickness of 0.75 mm. Electrophoresis was perfomed at a constant current of 25 mA.
Protein bands were stained by immersion of the gel in 0.05% Coomassie brilliant blue G-
250 solution, in 45% methanol and 9% acetic solution.

Protein molecular weights were estimated using low MW markers (Pharmacia,
Amersham, England) that included phosphorylase b (94,000), albumin (67,000), ovalbumin
(43,000), carbonic anhydrase (30,000), trypsin inhibitor (20,100), and a-lactalbumin
(14,400).

Differential scanning calorymetry (DSC). Thermal denaturation of the protein
suspensions was studied by DSC with a DSC Q 2000 calorimeter (V24.4 Build 116, TA
Instruments, Germany). 8 mg of sample was placed in an aluminium pan and heated from
20 to 110 °C at a rate of 2 °C/min.

Determination of protein solubility. Determination of solubility was made in a pH
region of 2.0 to 8.0 adjusted by 0.1 M HCI or NaOH. Protein samples were dissolved for 1
h at room temperature at concentration 1% wt/vol under constant stirring. Suspensions were
centrifuged at 3,000 x g for 20 min. Protein concentration in supernatants were measured
by method of Lowry et al. [15]. Solubility was expressed as grams of soluble protein/100
grams of sample.

Determination of protein sample functional properties. The water holding
capacities (WHC) of proteins were measured as described by Ashraf et al. [18] taking 1 g of
protein extract and resuspended in 10 mL of distilled water and mixed vigorously for 2 min,
the supernatants obtained after centrifugation at 3,000 x g for 20 min were decanted and the
weights of the sediments were determined, the WHC values expressed as gram of water
absorbed per 100 g of protein.

The oil binding capacities (OBCs) of seed proteins were measured using the method of
Ashraf et al. [18] taking 1g of protein, deposited and reweighed in 50 mL centrifuge tubes
and thoroughly mixed for 3 min with 10 mL of vegetable oil. Samples were allowed to
stand for 30 min and the mixtures were centrifuged at 3,000 x g for 20 min, the
supernatants were carefully poured immediately after centrifugation and tubes with the
sediments were weighted. The OBC values expressed as gram of oil absorbed per 100 g of
protein isolates.

The emulsifying capacity (EC) of the protein samples were determined according to
Karki et al. [19] taking 8.5 g of each sample and mixed with 50 mL of distilled water for 2
min using a blender and vegetable oil was adding slowly with continuous blending. The
process was stopped after every 2 min to check for emulsion breakage. The maximum
volumes of oil that was emulsified were measured and emulsifying capacity was
determined as volume of oil relatively to 1 g of protein isolates.

The foaming capacity (FC) of the protein samples were determined according to Makri
et al. [20] taking 1% of the samples and resuspended in deionized water, pH was adjusted
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to 7.4 with 0.1 M NaOH and 0.1 M HCI. 100 mL of solution were blended for 3 minutes
and poured into a 500 mL graduated cylinder. The volume of foam (V) and liquid (V)
were immediately recorded and FC was calculated using the following equation:

v
FC= —-100

1
Surface tension measurements. Series of protein suspensions with concentrations
from 0.03 to 0.5% (w/v) were prepared in water solution at pH 8.0 adjusted with 0.1 M
NaOH. The surface tension measurements were made with a stalagmometer. Three readings
were made on each sample to obtain an average value. All measurements were made at
temperature (20 £ 1) °C. Distilled water was used as surface-tension standard. The surface

tension of protein suspensions was calculated using the following equation:

PxN,
" pyxN

where o, p,and Ny are the surface tension, density and drop number of distilled water; p
and N are the surface tension, density and drop number of protein suspension respectively.

Statistical analysis. Data were expressed as means =+ standard deviations for triplicate
determination. Statistical analysis was performed using Microsoft Excel 2007. Differences
were considered to be significant at validity of a=0.95.

Results and discussion

Chemical and polypeptide composition of sunflower seed isolated proteins. The
sunflower seed protein isolate used as a control sample had a protein content about 78%
and high carbohydrate content (Table 1). Partially hydrolyzed protein sample obtained with
neutral protease (hydrolysis degree 8.5%) contained about 90% proteins, lower amount of
ash and more than two times less of carbohydrates than protein isolates. The protein sample
obtained with Alkalase (hydrolysis degree 11.5%) also had higher protein content, lower
content of ash and carbohydrates as compared with the control sample. Such influence of
partial protein hydrolysis on the chemical composition of protein samples is obviously due
to decrease of intermolecular aggregation of smaller polypeptides with other components of
sunflower seed including carbohydrates. Low amount of concomitant substances are
coprecipitated from the protein suspension together with small polypeptides at their
isoelectric precipitation. And finally partial hydrolysis could result in readsorption of some
contaminations from the protein surface.

Using of Protolad and Alkalase at extraction of proteins from sunflower meal resulted in
changes of polypeptides composition of obtained partially hydrolyzed proteins (Figure 1).

Table 1
Chemical composition of sunflower seed proteins calculated on a dry weight basis
Component Protein Partially hydrolyzed Partially hydrolyzed
isolate proteins (Protolad) proteins (Alkalase)

Protein 78.4+0.5 89.5+0.4 87.2+0.6

Ash 49+0.2 2.8+0.1 3.0+£0.2
Carbohydratey 16.0 + 0.4 7.2+0.3 92+0.4

Lipid 0.7+0.1 0.5+0.1 0.6 0.1
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Figure 1. Sodium dodecyl sulfate-polyacrilamide gel electrophores polypeptides profile of
sunflower seed proteins isolate (lane 4), partially hydrolyzed by Protolad (lane 2) and Alkalase
(lane 3), lane 1 and 5 — molecular weight markers (94, 67, 43, 30, 20 ta 14 kDa).

The polypeptides of higher molecular weight (45-54 and about 32-35 kDa) were
absent in polypeptide profile of proteins partially hydrolyzed by either of proteases. They
abounded with 14—16 kDa polypeptides and polypeptides with molecular weight lower 14
kDa. Some new polypeptides with molecular weight in rage of 10-20 kDa had appeared in
their profiles, whereas control protein sample had relatively high content of 32-35 kDa
polypeptides and low content of 16 kDa polypeptides.

The essential amino acid compositions of protein samples were sufficient different,
indicating that limited hydrolysis of sunflower meal proteins under their extraction have
changed the biological value of proteins (Figure 2). The biological value of sunflower
protein isolate was limited by three amino acids — sulfur containing amino acids
(methionine and cysteine), their content was only about 46% of FAO protein, and lysine
which was 54% of references protein. Since content methionine and cysteine in sunflower
meal proteins was 80% of FAO proteins [12] evidently, that proteins abounded by these
hydrophobic amino acids are less soluble and are not extractable from the meal. Content of
other essential amino acids exceeds their content in references protein. Limited hydrolysis
of sunflower meal proteins by Protolad have increased amino acid score of every essential
amino acid compared to the protein isolate, most significantly leucine, sum of aromatic
amino acids and valine. This protein samples have increased content of methionine and
cysteine by 26% and lysine — by 17% relative to protein isolate. On the contrary, essential
amino acids content of protein samples limited hydrolyzed by Alkalase were lower
compared to the protein isolate, these proteins were especially poor in sulfur containing
amino acids (their content was only 23% relative to FAO pattern). This phenomenon could
be due to loss of such amino acids with hydrolysis products which are not precipitated
during isoelectric precipitation. Decrease of methionine and cysteine content were observed
also in sunflower hydrolysate obtained with Alkalase [2].
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Figure 2. Essential amino acid composition of sunflower seed protein samples

Protein denaturation degree of sunflower protein isolates. Obtained protein samples
had similar denaturation temperatures and enthalpies (Table 2, Figure 3). Dependences of
thermal flow of protein suspensions from temperature were similar for partially hydrolyzed
and unhydrolyzed protein samples (Figure 3). The denaturation temperatures of protein
isolate was about 85 °C. Proteins of partially hydrolyzed samples had a little lower
temperature stability, the denaturation temperature were 80.2 and 79.1 °C for partially
hydrolyzed proteins by Protolad and Alkalasa respectively. Denaturation degree of
partially hydrolyzed proteins were higher compared to the protein isolate, enthalpies of
denaturation were 151.5 and 146.8 J/g proteins for Protolad and Alkalasa sample
respectively. Thus, in spite of limited hydrolysis, protein samples obtained with proteases,
contains macromolecules with preserved second and tertiary structure.

Table 2
Denaturation temperature and enthalpies of sunflower protein products
Sunflower protein products Denaturation Enthalpy,
temperature, °C (AH, J/g protein)

Protein isolate 84.9+1.7 184.7+2.1
Partially hydrolyzed proteins 80.2+1.5 151.5+£1.6
(Protolad)

Partially hydrolyzed proteins 79.1+1.2 146.8+1.4
(Alkalase)
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Figure 3. Dependence of protein suspensions thermal flow from temperature.

Solubility of protein samples and their functional properties. High solubility of
isolated proteins is required in many foods because of soluble proteins provide a
homogeneous dispersability of molecules in colloidal systems and many other functional
properties of proteins are realized when they are in soluble state. The solubility of proteins
usually increased over a wide range of pH as result of their hydrolysis [14]. Indeed, protein
samples, containing limited hydrolyzed polypeptides, had higher solubility in pH range
from 2 to 8 (Figure 4).
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Figure 4. Solubility of sunflower protein samples at different pH values
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The greatest increase of solubility was observed at acid medium (pH 2-5) for protein
sample, partially hydrolyzed by Protolad, solubility differences between samples decreased
at pH 6-8. Increase of solubility for protein sample, partially hydrolyzed by Alkalase, was
insignificant at pH range 2—5 and very poor at higher pH, that could be determined not only
specific effect of this protease and properties of hydrolysis products, but also composition
of proteins which were extracted in alkaline solution.

Accordingly, the water holding capacity of partially hydrolyzed protein samples
increased too (Figure5, a), for protein sample, partially hydrolyzed by Protolad, this
increase was almost five times, for protein sample, partially hydrolyzed by Alkalase, this
characteristic improved four times. The increase of oil binding capacities was statistically
insignificant for both partially hydrolyzed protein samples.
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Figure 5. Functional properties of sunflower protein samples:
1 — protein isolate, 2 — partially hydrolyzed proteins (Protolad),
3 — partially hydrolyzed proteins (Alkalase).

Isolated proteins have surface activities and hence are active in creation of such
disperse systems as foams and emulsions. Dependences of surface tension of protein
suspensions from their concentration have demonstrated that interfacial properties partially
hydrolyzed proteins have been improved under influence of limited hydrolysis (Figure 6).
The surface activity of protein sample, partially hydrolyzed by Protolad, has increased most
drastically, even at very low protein concentrations (<0.1%) surface tension coefficient
decreased about 10% compared to the protein isolate.

Foaming and emulsifying capacities partially hydrolyzed proteins increased
substantially (Figure 5, b). Foaming and emulsifying capacities were higher in sample,
partially hydrolyzed by Alkalase, but foam stability of this sample was very poor. At the
same time foam stability was highest in the sample, partially hydrolyzed by Protolad. Loss
of foaming stabilizing capacity with increase of hydrolysis degree had been demonstrated
for soy proteins too [4].
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Figure 6. Dependence of surface tension coefficient of protein suspensions from their
concentration.

Conclusion

We have used two proteases during extraction of proteins from sunflower seed meal.
We have obtained the partially hydrolyzed protein samples with different composition,
color, denaturation degree and functional properties. These samples had higher protein
content compared to the traditional protein isolates, protein sample partially hydrolyzed by
neutral protease had higher biological value too. Protein solubility at pH 2-8, water
holding, oil binding, foaming and emulsifying capacities of partially hydrolyzed protein
samples were improved compared to the control.

Acknowledgements

The authors would like to thank Dr. Valeriy Davidenko (Institute of
Macromolecular Chemistry of National Academy of Science of Ukraine)
for his assistance in differential scanning calorimetric measurements.

References

1. Parrado J., Bautista J., Machado A. (1991), Production of Soluble Enzymatic Protein
Hydrolysate from Industrially Defatted Nondehulled Sunflower Meal, J. Agr. Food. Chem.,
39(3), pp. 447—-450.

2. Villanueva A., Vioque J., Sanchez-Vioque R., Clemente A., Pedroche J., Bautista J., et al.
(1999), Peptide characteristics of sunflower protein hydrolysates, J. Am. Oil. Chem. Soc.,
76(12), pp. 1455—-1460.

460 ——Ukrainian Food Journal. 2016. Volume 5. Issue 3



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Food Technologies

Vioque J., Sanchez-vioque R., Clements A., Pedroche J., Millan F. (2000), Partially
hydrolyzed rapeseed protein isolates with improved functional properties, J. Am. Oil.
Chem. Soc., 77(4), pp. 447-450.

Molina Ortiz S.E., An M.C. (2000), Analysis of products, mechanisms of reaction, and
some functional properties of soy protein hydrolysates, J. Am. Oil. Chem. Soc., 77(12), pp.
1293-1301.

Popovi¢ L., Peri¢in D., Vastag Z, Popovic S, Krimer V, Torbica A. (2013), Antioxidative
and Functional Properties of Pumpkin Oil Cake Globulin Hydrolysates, J. Am. Oil. Chem.
Soc., 90(8), pp. 1157-1165.

Krinstinsson H, Rasco B. (2000), Biochemical and functional properties of Atlantic salmon
muscle proteins hydrolyzed with various alkaline proteases, J. Agr. Food. Chem., 48(3),
pp- 657-666.

Chabanon G., Chevalot 1., Framboisier X., Chenu S., Marc 1. (2007), Hydrolysis of
rapeseed protein isolates, pp. kinetics, characterization and functional properties of
rapeseed hydrolysates, Process Biochem, 42(10), pp. 1419-1428.

Lamsal B.P., Reitmeier C., Murphy P.A., Jonson L.A. (2006), Enzymatic hydrolysis of
extruded-expelled soy flour and resulting functional properties, J. Am. Oil. Chem. Soc.,
83(8), pp. 731-737.

Nosenko T.T. (2012), Protein isolate obtaining from sunflower meal with proteolytic
enzyme, Scientific works of National university of food technologies, 47, pp. 96-101 (in
Ukrainian).

Nosenko T, Kubaychuk O, Vovkodav N, Cherstva A. (2014), Influence of partial
hydrolysis on the protein extraction from Sunflower meal, Ukrainian Journal of Food
Science, 2(2), pp. 244-252.

Nosenko T.T., Zhukova Y., Cherstva A. (2015), Sunflower protein hydrolysis degree by
proteases, Scientific works of University of Food Technologies, LX1I, pp. 64—67.
Nosenko T.T. (2014), Comparable evaluation of amino acid composition of sunflower
protein isolates, Journal of Food and Packaging Science, Technique and Technologies,
2(4), pp. 36-39.

Ivanova P., Chalova V., Koleva L., Pishtiyski I. (2013), Amino acid composition and
solubility of proteins isolated from sunflower meal produced in Bulgaria, Int. Food. Res. J.,
20(6), pp. 2995-3000.

Mahmoud M.I. (1994), Physicochemical and Functional Properties of Protein Hydrolysates
in Nutritional Products, Food Technol-Chicago, 48, pp. 89-95.

Lowry O., Rosenbrough N., Fair A., Randall R. (1951), Protein measurement with the
Folin—phenol reagent, J Biol Chem., 193, pp. 265-275.

(1990), AOAC Official Methods of Analysis, 15th edn., Assotiation of Official Analytical
Chemists, Arlington, hh.1-11, Method Aa 5-38.

Laemmli U. K. (1970), Cleavage of Structural Proteins During Assembly of the Head of
Bacteriophage T4, Nature, 227, pp. 680-685.

Ashraf S., Saeed S.M.G., Sayeed S.A., Ali R. (2012), Impact of microwave treatment on
the functionality of cereals and legumes, Int. J. Agr. Biol., 14(3), pp. 365-370.

Karki B., Lamsal B.P., Grewell D., Pometto A.L., Lecuwen J., Khanal S.K. et al. (2009),
Functional properties of soy protein isolates produced from ultrasonicated defatted soy
flakes, J. Am. Oil. Chem. Soc., 86(10), pp. 1021-1028.

Makri E., Papalamprou E., Doxastakis G. (2005), Study of functional properties of seed
storage proteins from indigenous European legume crops (lupin, pea & broad bean) in
admixture with polysaccharides, Food Hydrocolloid, 19(3), pp. 583-594.

——Ukrainian Food Journal. 2016. Volume 5. Issue 3 461



Food Technologies

Spoilage volatiles and sensory properties of a grilled
stick meat product inoculated with Pediococcus
acidilactici FLEQ7 as starter culture

Olusegun A. Olaoye

Department of Food Science and Technology, Michael Okpara University of
Agriculture, Umudike, Abia State, Nigeria

Keywords:
Meat

Grill
Pediococcus
acidilactici
Spoilage
Volatile
Sensory

Abstract

Article history:

Received 12.06.2016
Received in revised
form 23.08.2016
Accepted 01.09.2016

Corresponding
author:

Olusegun A. Olaoye
E-mail:
olaayosegun@
yahoo.com

Introduction. Grilled meat products are normally eaten as
snacks in many developed and developing countries usually
during leisure. The use of biological agents such as lactic acid
bacteria may help improve the associated volatiles and sensory
appeal of such products.

Materials and methods. A grilled meat product (7sire) was
inoculated with 6 log CFU/g of Pediococcus acidilactici FLEQ7
as starter culture (IS), with the objective of improving the
associated spoilage volatiles during a 4 day storage at 30 °C;
while uninoculated sample of Tsire served as control (UC). Solid
phase mass extraction gas chromatography-mass spectrometry
(SPME-GCMS) and taste panel using hedonic scaling were used
to evaluate the volatiles and sensory quality respectively during
storage.

Results and discussion. In preliminary experiments, ten
Pediococcus strains were evaluated for production of organic
acids; among these, 34 g..q / 10’CFU was recorded as highest
lactic acid production by P. acidilactici FLEO7 and was chosen as
starter culture for inoculation of 7sire. The strain was shown to
produce acetic acid of concentration lower than 12 g,.q /10’ CFU.
SPME-GCMS analysis of the grilled meat product showed that a
total of fourty eight (48) volatiles, belonging to ketones (35.42%),
acids (8.33%), alcohols (25%), aromatic/cyclic (14.58%) and
nitrogenous compounds (16.67%), were detected during storage.
Volatiles including acetone, 2-butanone, 2,3-butanedione,
3-hydroxy-2-butanone, 2-hexanone, 2-heptanone and 1-hydroxy-
2-propanone were among the prominent ketone compounds
observed in the Tsire samples, and their total are units (TAUSs)
showed significant difference (p<0.05) between the IS and UC
samples. There was reduction in spoilage volatile indicators;
concentrations (pug/g) of 0.57, 1.98, 0.93 and 1.39 were recorded
for heptanal, 1-octen-3-ol, 3-methyl-butanoic acid and nonanal
respectively in inoculated samples (IS) compared to 2.43, 3.21,
2.94 and 2.94 obtained for uninoculated control (UC) on day 3.
Sensory study with the use of 50 panelists to provide data showed
that higher scores (p<0.05) were recorded in the aroma,
appearance, tenderness, taste and general acceptability properties
of IS than UC.

Conclusion. It was concluded that Pediococcus acidilactici
FLEO7 and other suitable starter culture(s) may be used in
promoting sensory quality development and availability of the
product beyond the day of production. This is the first report of
this type on the grilled meat product.
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Introduction

Grilled meat products are normally prepared by grilling of shredded meat cuts hanged
on sharpened edges of sticks, and Tsire is common example in Nigeria. The meat cuts are
normally spiced with peanut cake, spices, vegetable oil, salt or other flavorings and then
cooked by grilling. They are sprinkled with groundnut oil during the grilling process to
simulate the traditional technique of avoiding burning or charring [1]; grilling is usually
carried out around glowing charcoals. Tsire could be prepared from muscles of beef, goat,
mutton or chicken, though preparation from beef is common [2]. It is a popular traditional
meat product in Nigeria commonly eaten as delicacies, served or sold along streets or in
club houses.

Cooking of meat involves a complex series of thermally induced reactions occurring
between non-volatile components of lean and fatty tissues, resulting in a large number of
reaction products (Lorenzo et al., 2016); the volatile compounds formed in these reactions
are largely responsible for the characteristic flavour of cooked meat [1]. Such products
include aldehydes, carboxylic acids, alcohols, ketones, esters, sulfur compounds,
nitrogenous compounds, terpenes, alkanes and alkenes, aromatic and cyclic hydrocarbons,
which have been noted to contribute to flavour development in meat products [3].

Pediococcus is a genus under the group of lactic acid bacteria (LAB) which play
positive role in fermentation and preservation of many foods, especially by their abilities to
produce considerable amounts of volatile and organic compounds [2]. LAB have a
generally regarded as safe (GRAS) status and have been widely used as starters in the
industrial preservation of meats [4]. For instance, Olaoye ef al. [5] reported the application
of LAB cultures, P. pentosaceus GOAT 01 and Lactobacillus plantarum GOATO012, in the
preservation of goat meat during storage at 30°C. According to the authors, the LAB
cultures were able to extend the shelf life of the meat for days beyond the uninoculated
control samples. In another study, the use of Pediococcus cultures in the generation of
antioxidant nitrogen compounds in Iberian dry-fermented sausages was reported by
Fernandez et al. [6]. Moreover, Lorenzo et al. [7] investigated the effect of commercial
cultures of Pediococcus spp. on volatile compound profile and sensory characteristics of
dry - cured foal sausage during ripening. Olaoye [1] and Olaoye [3] reported studies on the
effect of storage period on volatiles and consumers’ acceptability of Tsire and pork balangu
(a grilled meat product) respectively; the authors recommended that inoculation of the meat
product with LAB cultures should be carried out in future studies for possible improvement
in volatile characteristics.

In spite of the available reports on meat products, no study is currently available on the
effect of LAB cultures on volatiles of Tsire during storage. Hence, the present study
focused on evaluating the influence of P. acidilactici FLEO7 culture on the volatile
compounds, especially those that may be spoilage indicators, and sensory characteristics of
the traditional meat product during storage.

Materials and methods

Source of meat and ingredients. The beef used in this study was purchased from a
butcher’s shop in the city of Nottingham, UK, and conveyed to the laboratory over ice
crystals for immediate use. The ingredients used included ground red pepper (Capsicum
sp.), onions (Alium cepa), ginger (Zingiber officinalis), groundnut (Arachis hypogaea) and
salt, obtained from a Nigerian shop in the same city.

463

——Ukrainian Food Journal. 2016. Volume 5. Issue 3



Food Technologies

Sources of LAB used and growth conditions. Ten presumptive LAB isolates,
previously isolated and phenotypically identified from meat in a preliminary study were
used in the present study [8]. They included Pediococcus pentosaceus LIVO1, P.
acidilactici FLEQ7, P. acidilactici FLEO2, P. pentosaceus INTO1, P. pentosaceus INTO02,
Lactobacillus plantarum FLEO4, P. acidilactici INT04, P. acidilactici FLEQ7, Leuconostoc
mesenteroides FLEO3 and P. pentosaceus INT04. The optimum growth temperature of the
isolates in MRS medium (Oxoid, UK) was 30 °C. The isolates were routinely maintained in
MRS broth medium containing 20% glycerol at —20 °C as working cultures, and at —80 °C
for long-term storage.

Production of organic acids. Prior to selection of one of the LAB isolates as starter
culture, the isolates were evaluated for their abilities to produce organic acids (lactic and
acetic acids), using the method of Olaoye et al. [8]. One of the isolates, P. acidilactici
FLEO7, showed considerable production of organic acids, and was hence chosen as starter
culture for inoculation of the traditional meat product prior to storage. Concentrations of the
organic acids were expressed in g,ciq /10’ CFU (i.e grams of lactic/acetic acid per 10’ colony
forming units)

Confirmation of identity of presumptive P. acidilactici FLEO7 used as starter
culture. The LAB isolate P. acidilactici FLEO7 used as starter culture was presumptively
identified in a previous study [8]. Full identity of the isolate was obtained in the present
study using 16S rDNA nucleotide sequencing after successful amplification by PCR.
Deoxyribonucleic acid (DNA) was extracted using a boiling method [9]. PCR amplification
was performed using the following set of primers [10]: Forward,
5'-CCTACGGGAGGCAGCAG-3' and Reverse, 5-ATTACCGCGGCTGCTGG-3',
targeting approximately 200 bp of 16S rDNA gene (V3 region). PCR conditions used were
as described by Olaoye et al. [5]. Electrophoresis of the 16S rDNA-PCR products,
purification and sequencing were carried out as previously described [5]. The specific
nucleotide sequences were subjected to BLAST programme of NCBI (website;
http://www.ncbi.nlm.nih.gov/blast/) to determine the homology of the Pediococcus isolate
with related genera and species [11].

Preparation of Tsire and inoculation with P. acidilactici FLEQ7. Tsire samples were
prepared according to the method described by Olaoye [1]. Some of the Tsire samples were
inoculated with 6 log CFU/g of P. acidilactici FLEQ7 culture according to the method of
Olaoye and Dodd [2] while uninoculated samples served as control.

Storage of Tsire. The Tsire samples were wrapped in aluminium foils and stored for
four days in a storage cabinet at 30°C to represent ambient temperature in Nigeria. Samples
were taken daily, in three replicates, for analysis of thiobarbituric acids and volatiles
compounds.

Analysis of thiobarbituric acid in Tsire. Thiobarbituric acid (TBA) values were
determined for the Tsire samples as described by Olaoye and Onilude [12].

Analysis of volatile compounds in Tsire using solid phase mass extraction-gas
chromatography mass spectrometry (SPME-GCMS)

The volatiles in the Tsire samples taken daily during storage were analyzed using
SPME-GCMS. This was performed by placing 2 g of samples in 20 ml headspace vials
(22.5 mm x 75.5 mm, Grace Alltech, UK). The vials were sealed with a magnetic cap
(20mm diameter, Smm centre, PTFE/Silicone Liner; Grace Alltech) using a Crimper (Part
no 60045, Alltech Associates Inc., USA) and allowed to equilibrate at room temperature
(22 °C) for 30 min before commencement of analysis.
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A Stableflex fibre coated with 50/30 pm divinylbenzenecarboxen on
polydimethylsiloxane bonded to a flexible fused silica core (Supelco, Bellefonte, PA,
16823-0048 USA) was used for the extraction of the flavour volatiles in the headspace of
the vials. For volatile sampling, an extraction time of 15 min at room temperature was used,
while desorption time was set to 4 min at 230 °C.

GCMS was carried out using a Trace GC Ultra gas chromatograph (Thermo Electron
Corporation, UK) and a DSQ mass spectrometer (1.4.1 SP3 Thermo Electron Corporation,
USA). Samples were injected in splitless mode into the GC with a PAL auto-sampler.
Chromatography was carried out with a TRACE GC 2000 series gas chromatograph using a
ZB-WAX capillary column (Serial no 162147, Order no 7HG-G007-22, L 30m x L.D.
0.25mm x df 1um, USA). Helium was employed as the carrier gas, at a constant pressure of
15 psi and splitless time of 1 min. The oven temperature programme was as follows: an
initial temperature of 40°C was maintained for 1 min, with ramps 8 °C/min to 200 °C and
10 °C/min to a final temperature of 230 °C. Mass spectrometry was performed with a DSQ
mass spectrometer. The mass spectrometer was operated in positive ionisation electron
impact mode (EI+) at electron energy of 70 eV. The scan time was 0.29 s. Samples for
injections into the GC were prepared in three replicates. The detector was operated in scan
mode, scanning from m/z 20 to 210. Source temperature was 200 °C. The data generated
were processed with Xcalibur ™ 1.4 SR1 (Thermo Electron Corporation) software.

Volatile compounds were identified by comparing their mass spectra with those in the
National Institute of Standards and Technology (NIST) mass spectral library and/or by
calculation of the retention indices relative to a series of n-alkanes (C5-C19; Sigma-
Aldrich, UK) and matching them with standard compounds and data reported in the
literature [13,14]. The results were reported as relative abundance expressed as total area
counts, TAUs (x10%).

Sensory study. Sensory study was conducted on the Tsire samples that depended on
inoculation with or without P. acidilactici FLEQ7 and storage time. Samples were evaluated
for the sensory properties of aroma, appearance, tenderness, taste and general acceptability
using a 50 member panel (n=50), composing of Nigerians who were already familiar with
the product. Freshly prepared Tsire samples were used as reference for comparison of
sensory properties of other samples during storage. Panelists were asked to allocate scores
to three coded replicates of samples, using a 9-point hedonic scale, from 1-dislike
extremely to 9-like extremely. Data obtained were subjected to statistical analysis to
determine significant differences among samples.

Statistical data analysis. Results which depended on starter culture and storage time
were analyzed according to a completely randomized design with three replicates. The data
obtained were subjected to one way analysis of variance (ANOVA) to evaluate the effect of
starter culture on the samples. Differences between means were evaluated by Duncan’s
multiple range test and significant difference was expressed at p < 0.05. The SPSS statistic
programme (version 10.01) was used.

The relationship between the inoculated and uninoculated control samples, storage time
and their volatile compounds was evaluated by principal component analysis (PCA) using
Xlstat software (ver. 17.3.01.19703; Addinsoft, NY).
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Results and discussion

In this study, ten LAB isolates previously isolated and presumptively identified from
meat in a preliminary study [8], were screened for production of organic acids (lactic and
acetic acids), with the objective of selecting suitable candidate(s) as starter culture for
possible improvement of volatiles and sensory properties of a Nigerian traditional meat
product (7sire) during storage. Among the ten isolates, Pediococcus pentosaceus LIVO1, P.
acidilactici FLEO1, P. acidilactici FLE02 and P. acidilactici FLEO7 produced lactic acid
higher than 25 g,.q /10’ CFU (Figure 1); however, P. acidilactici FLEO7 had the highest
production of the acid (34 gaciq /10’ CFU) and was chosen as starter culture for inoculation
of Z’sire. Acetic acid production by the LAB isolates was generally lower than 12 g,y
/10°CFU.

P. pentosaceus INT04 —__‘_‘—|
Leuconostoc mesenteroides FLE03 _—‘—
P. acidilactici FLEO7 h | )
P. acidilactici INT04 h ‘ ‘ 1
Lactobacillus plantarum FLE04 %_—‘—‘—|
P. pentosaceus INT02 _ ‘ ‘ 1
P. pentosaceus INT01 _J—‘ﬁ
P. acidilactici FLE02 h |

|

P. acidilactici FLEO1 ﬁ |
_ |

I

Pediococcus pentosaceus LIV01

0 5 10 15 20 25 30 35
g/10” CFU

Olactic acid MEacetic acid

Figure 1. Concentrations of lactic and acetic acids (gmm/l()7 CFU/g)
produced by the LAB isolates

Sixty four (48) volatile compounds were detected in the meat product during storage,
and they were categorized into different classes including ketones (class 1; 35.42%), acids
(class 2; 8.33%), aromatic/cyclic hydrocarbons (class 3; 14.58%), nitrogenous compounds
(class 4; 16.67%) and alcohols (class 5; 25.0%); these are presented in Tables 1 and 2.

Similar reports of detection of these classes of volatiles in meat products have been
made by other research investigators [3,15].

(In the Table 1: Each value is mean of three replicates of samples;, SDI, storage day 1; SD2,
storage day 2; SD3, storage day 3; SD4, storage day 4; StdD, standard deviation; P-value,
probability value; RI, retention index; MI, method of identification; 1, Identification using authentic
standards; 2, Identification using retention indices from the literature and their mass spectra with the
NIST mass spectral library)
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Table 1. Total area units (x1 04) of ketone and acid compounds in Tsire

Compounds Tsire inoculated with P. acidilactici FLE07

RI | SD1 | StdD | SD2 | StdD | SD3 | StdD | SD4 | StdD
Class 1 — Ketones
Acetone <600 | 5862 134 | 4102 129 | 2981 172 | 2410 74
3-methyl-2-butanone <600 | 25 4 17 5 25 3 53 12
Methyl-isobutyl-ketone 612 | 0.79 0 2 1 6 2 46 13
2-butanone 618 | 540 20 520 112 | 605 47 725 129
2,3-butanedione 621 541 64 323 32 275 12 172 17
3-methyl-2-pentanone 634 | 0.11 | 0.01 6 2 13 3 68 6
5-methyl-2-hexanone 687 81 19 76 7 69 14 58 10
2-hexanone 699 24 4 20 8 16 2 13 3
2,5-hexanedione 712 92 12 178 36 471 86 1290 | 128
2-heptanone 719 2 0.8 11 1 19 4 50 3
2-octanone 720 5 3 11 2 24 17 18 5
6-methyl-2-heptanone 723 1 - 1.2 0.3 4 1 20 3
5-methyl-2-heptanone 725 1.3 0.5 2 1 9 3 52 4
3-hydroxy-2-butanone 727 | 251 89 264 101 272 86 281 27
1-hydroxy-2-propanone 733 21 12 45 15 85 12 31 5
6-methyl-5-hepten-2-one 742 21 2 25 7 29 12 35 8
cyclopentanone 748 32 2 39 13 47 9 64 21
Class 2 — acids
2-methyl-propanoic acid 752 2 0 20 4 18 2 13 3
2-methyl-hexanoic acid 768 6 2 42 7 46 7 71 16
3-methyl-butanoic acid 756 156 25 87 8 34 8 50 13
Hexanoic acid 772 12 3 20 6 21 12 10 2

Uninoculated Tsire

Compounds SD1[StdD | SD2 | StdD | SD3 | StaD | sp4 [ stap | e | M
Class 1 — Ketones
Acetone 5852| 43 |5574| 116 |5574| 321 | 5404 | 373 | 0.002 1
3-methyl-2-butanone 9 3 35 13 50 10 53 9 0.0004 | 2
Methyl-isobutyl-ketone 093] 0 10 3 29 3 47 9 0.0004 | 2
2-butanone 539 12 | 732 | 103 | 842 | 101 | 1431 | 108 | 0.035 2
2,3-butanedione 514 98 | 451 | 75 | 351 | 45 | 367 | 43 0.003 1
3-methyl-2-pentanone 9.37]1 03 | 20 9 66 17 77 9 0.0016 | 2
5-methyl-2-hexanone 80 | 13 89 23 93 18 | 126 | 16 0.019 2
2-hexanone 24 7 22 5 21 3 21 2 0.012 1,2
2,5-Hexanedione 91 | 27 [ 167 | 31 [ 251 | 65 | 452 | 98 | 0.0021 2
2-heptanone 3 1 38 18 [ 108 | 33 | 120 | 12 | 00013 | 2
2-octanone 6 1 12 5 24 9 37 4 0.002 1
6-methyl-2-heptanone 038] O 5 1 24 14 34 6 0.001 2
5-methyl-2-heptanone 2 1 15 4 50 21 76 10 | 0.0005 2
3-hydroxy-2-butanone 262 | 92 | 321 | 103 | 461 | 122 | 519 | 97 0.007 2
1-hydroxy-2-propanone 7 2 16 4 55 23 31 9 0.031 2
6-methyl-5-hepten-2-one 22 5 21 7 40 13 62 11 ]10.0014 | 2
Cyclopentanone 33 10 41 5 54 11 71 14 0.073 2
Class 2 — Acids
2-methyl-propanoic acid 0.8 0 16 2 18 3 12 2 0.01 2
2-methyl-hexanoic acid 4 3 52 5 112 | 28 62 2 0.003 2
3-methyl-butanoic acid 156 | 12 | 136 | 18 | 112 | 28 63 13 0.036 2
Hexanoic acid 6 1 7 2 9 1 12 5 0.281 1,2
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nitrogenous and alcohol compounds in Tsire

Table 2

Tsire inoculated with P. acidilactici FLEQ7

Compounds RI

SD1 | StdD | SD2 | StdD | SD3 | StdD | SD4 | StdD
Class 3 — Aromatic/cyclic
Cyclopentene <600 15 2 24 3 27 13 125 20
é’}?celr(‘)g’rl(;g;?gyl' 742 7 1 4 2 3 0 4 1
Ethylbenzene 747 13 3 8 2 3 0.64 3 0.33
é’é?lzgr‘l‘:‘y'z'pmpe“yl' 754 | 41 | 5 | 35| 7 | 32| 9 | 24| s
O-xylene 756 8 1 5 1 3 0.79 3 0.57
Eflt(rizrc‘fgt_glemcyd"' >1000 | 10 | 2 | 10| 2 8 1 9 0
Hexamethyl-cyclotrisiloxane | >1000 7 2 8 2 6 3 7 0
Class 4 — nitrogenous
1-methyl-1h-pyrrole 761 99 23 86 7 75 58 15
3-methyl-butanenitrile 873 14 4 12 6 11 9 1
2-methyl-pyrazine 881 7 2 11 14 37 2
Trimethyl-pyrazine 903 | 1017 | 19 879 89 724 | 92 584 | 198
Tetramethyl-pyrazine 910 175 23 138 37 52 8 31 8
139;331125 -dimethyl- 21 | 4 1 500 | s | 2 | 12| 2
2,5-dimethyl-pyrazine 954 48 9 149 62 225 34 1760 | 143
2,3-dimethyl-pyrazine 962 34 5 27 4 16 2 16 5
Class 5 — alcohols
1-propanol 641 2 0 3 0 4 0 8 4
2,6-dimethyl-4-heptanol 645 3 1 6 1 10 2 13 4
1-pentanol 676 27 4 16 2 6 2 5 2
3-methyl-1-butanol 701 14 2 21 4 41 10 325 28
4-methyl-2-hexanol 729 15 5 29 8 27 3 46 13
3-methyl-3-buten-1-ol 732 1 0 4 1 13 3 13 1
1-octen-3-ol 741 53 7 57 18 48 9 39 11
3-methyl-2-butanol 748 3 1 4 1 9 4 33 12
P-menth—1-en—8-ol 749 10 1 8 1 7 1 7 1
Tricyclo(1,5)dec-5-en-8-ol 759 25 6 15 2 10 2 6 1
Phenylethyl-alcohol 792 2 0 3 1 3 0 33 9
Ursane-3,16-diol 812 17 7 11 4 10 6 23 5
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Table 2
(continuation)
Compounds Uninoculated 7sire
P-value | MI
SD1 |StdD |SD2 |StdD | SD3 | StdD | SD4 | StdD
Class 3 — Aromatic/cyclic
Cyclopentene 77 12 | 79 9 76 | 22 | 174 | 17 | 0.005 | 2
é’}lf;‘;g(;g;‘r’gyl' 7 02 3|1 7] 2|92 |0006l]2
Ethylbenzene 12 2 9 3 6 |063| 6 1 |<0.001 | 2
omethoxy2-propenyl- | g0 | 12 |as | 9 |50 |11 | 71| s | 0004 |2
O-xylene 8 3 6 2 4 087 | 4 ]0.63| 0.005 |2
E‘;t(r;‘c‘gtf‘eyéte“cyd"' 8 | 218 |3 |9 2|93 |o027m9]2
g}i’;ﬁg‘f;}l‘g’iam 301|526 |2 |12]3 [00331]2
Class 4 — nitrogenous
1-methyl-1h-pyrrole 98 21 (103 | 31 113 | 14 | 144 | 28 0.004 | 2
3-methyl-butanenitrile 14 2 13 5 16 8 21 3 10.0017 | 1
2-methyl-pyrazine 11 2 17 5 51 11 73 3 10.0004 | 2
Trimethyl-pyrazine 1020 37 |987 | 29 | 975 | 184 | 760 | 35 003 |2
Tetramethyl-pyrazine 176 | 18 |[156| 39 | 129 | 10 | 46 9 0.024 | 2
z'yerg?i’rll'ez’s'd‘methyl' 410 |9 4 399 3] 3 |00728]|2
2,5-dimethyl-pyrazine 68 | 12 |820| 123 |2462| 128 |3783| 210 | 0.0003 | 2
2,3-dimethyl-pyrazine 31 13 | 29 5 22 2 21 0 0.013 | 2
Class 5 — alcohols
1-propanol 2 0 5 2 13 6 18 | 10 | 0.0009 | 1
2,6-dimethyl-4-heptanol 1 10 2 19 4 27 7 0.004 | 2
1-pentanol 27 6 19| 2 10 2 8 2 0.005 | 1
3-methyl-1-butanol 19 4 |33 | 11 [910| 40 |1455]| 300 | 0.0035 | 2
4-methyl-2-hexanol 14 2 22 | 12 | 42 4 59 6 [<0.0001| 2
3-methyl-3-buten-1-ol 1 0 6 1 13 1 20 2 10.0001 | 2
1-octen-3-ol 53 8 59 | 11 | 64 | 10 | 97 | 19 | 0.019 | 2
3-methyl-2-butanol 2 0 16 | 7 27 6 35 10 | 0.0005 | 2
P-menth—1-en-8-ol 1 7 1 9 3 11 3 0.0189 | 2
g neyelo(l,9)dec-3-en- 25 3 |21 6 |14 2 9| 1 |007 |2
Phenylethyl-alcohol 1 3 1 19 4 36 5 10.0004 | 2
Ursane-3,16-diol 6 1 17 3 13 4 20 3 0.009 | 2

Each value is mean of three replicates of samples; SD1, storage day 1; SD2, storage day 2; SD3,
storage day 3; SD4, storage day 4; StdD, standard deviation; P-value, probability value; RI, retention
index; MI, method of identification; 1, Identification using authentic standards; 2, Identification using
retention indices from the literature and their mass spectra with the NIST mass spectral library
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The total area units (TAUs) of the class of ketone compounds identified in the meat
product are shown in Table 1. The volatiles acetone, 2-butanone, 2,3-butanedione, 3-
hydroxy—2-butanone, 2-hexanone, 2-heptanone and 1-hydroxy—2-propanone were among
the prominent ketone compounds which recorded significant differences (p<0.05) in their
TAUs between the IS and UC samples. Some of the ketone volatiles have been noted to
play important roles in sensory characteristics of meat products [7]. One of the important
ketone compound was 3-hydroxy—2-butanone (acetoin), a product of degradation due to
maillard reaction; its identification from meat products has been reported [3,16]. Presence
of this compound especially in relatively high concentration may cause spoilage of food
[17]. Lower values of TAUs of acetoin (p=0.0004) were recorded in IS than UC samples,
indicating that inoculation of the meat product with starter culture had significant effect on
the compound; this observation may help enhance shelf life of the product. The reduced
TAU of acetoin in the IS sample may be attributed to possible antioxidative property of P.
acidilactici FLEQ7 used as starter culture [18,19,20], which may bring about reduction of
undesirable volatile compounds in meat products. Acetoin has been reported as a spoilage
molecule associated with in meat products during storage [21].

The compounds, 2-hexanone, 2-heptanone and 2-butanone were among the ketone
compounds identified in the present study, and they have been noted as contributors to off
flavour development in meat products [22]; however their TAUs were lower (p<0.05) in the
IS samples than UC. This may therefore translate that they are present in reduced
concentration in IS than UC samples, indicating that there may be reduction of off flavour
development in the meat product inoculated with the starter culture. Another ketone
compound identified in this study was 2,3-butanedione (diacetyl), which has been reported
as a product of lactose and citrate metabolism by the action of bacteria, especially LAB
[23]. The occurrence of the compound in Tsire is in support of a similar report by Huan et
al. [24] in a research investigation during storage of a Chinese meat product — Jinhua ham.
Diacetyl may be of technological importance as it possesses anti-microbial properties
against many unwanted microorganisms, especially the spoilage types, in foods [25].

The volatile compounds in class 2 comprised of 2-methyl-propanoic acid, hexanoic
acid, 3-methyl-butanoic acid and 2-methyl-hexanoic acid, all of which had higher TAUs in
IS than UC (Table 1). Significant difference (p<0.05) was recorded in the acids of IS and
UC, with the exception of hexanoic acid. Lower values of TAUs were recorded for the
acids (p<0.05) in IS than UC, and this may be of significance as a result of possible
association of certain acids, especially 3-methyl-butanoic acid, butanoic acid (and some of
its derivatives) with meat spoilage [17]

The seven volatile compounds of aromatic/cyclic hydrocarbons belonging to class 3
compounds in IS were significantly different (p<0.05) from those of UC (Table 2), with the
only exception of tetramethyltricyclo-undec-2-ene. They have reduced TAUs in the IS
samples compared to UC, indicating possible influence of the starter culture. One of the
compounds belonging to class 3 was ethylbenzene, which presence in the meat product may
be very significant as it may be associated with spoilage of meat and fish [17,26]. The
reduced values of TAUs of the compound in the IS samples is therefore desirable towards
possible reduction of spoilage in the meat product. The nitrogenous compounds (class 4)
consisted mostly of pyrazines, which are regarded as products of maillard reactions; their
formation in meat products could be attributed to application of heat and salting during
processing [26]. Contribution of pyrazines to development of desirable sensory
characteristics of grilled and roasted meat has been reported [16]. The identification of
nitrogenous compounds, 2,3-dimethyl-pyrazine and tetramethyl-pyrazine in meat products
was observed by Gianelli ef al. [16], thus supporting their occurrence in Tsire in the present
study. The class 5 volatile compounds consisted of twelve alcohol compounds (Table 2),
most of which recorded lower values of TAUs (p<0.02) in IS samples than UC. Among
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these compounds, 1-octen-3-ol and 3-methyl-1-butanol have been noted as spoilage
molecules in meat products [21]. The lower values of TAUs of these compounds in IS
samples than UC may thus indicate possible extension in shelf life of the former over the
latter.

The chart of PCA carried out on the volatile compounds during storage of Tsire
samples inoculated with starter culture is presented in Figure 2. At the upper portion in the
left hand side of the chart are represented the principal components associated with the
meat samples on storage day 1 (Sd1). The principal components on Sd1 were composed of
2,3-dimethyl-pyrazine, o-xylene, p-menth-1-en-8-0l, ecthylbenzene, hexamethyl-
cyclotrisiloxane, 3-methyl-butanoic acid, 1,2-diepoxyhexadecane, 1-pentyl-2-propyl-
cyclopropane, tetramethyltricyclo-undec-2-ene, and 3-methyl-butanenitrile, which represent
15.6% of the total volatile compounds (TVCs) in the meat product. On Sd2 (lower portion
of the left hand side), the principal components included octane, 2-hexanone, 1-methyl-1h-
pyrrole, 2,3-butanedione, acetone, 1-pentanol, (¢)-3-dodecene, heptane, trimethyl-pyrazine,
2-pentyl-furan, tricycle(1,5)dec-5-en-8-ol, tetramethyl-pyrazine, 2-methoxy-2-propenyl-
benzene and S5-methyl-2-hexanone, representing 21.9% of TVCs. A major cluster was
formed on Sd2 consisting mainly of ketones, alcohols and pyrazines, suggesting that these
compounds were the major ones associated with the product on second day of storage. On
Sd3 (lower portion in the right hand side of chart), the principal components identified were
3-methyl-3-buten-1-ol, 2-octanone, 2-methyl-propanoic acid, 1-hydroxy-2-propanone,
nonanal and hexanoic acid, forming 9.4% of TVCs. Twenty two principal components
(representing 34.4% of TVCs) occurred on Sd4 (upper portion in the right hand side of
chart), belonging mainly to alcohols, ketones, nitrogenous compounds, acids and pyrazines.

. . tyl-
15 ursane?‘\g é%lo] <

ester
& 1', ;%.u?anemtnle
10 cyprop
-peifti- 2ty . 3-methyl-2-butanone
5
sthylbe
psme nth
0
e)-3-dodecene 3-methyl-3-buten-1-ol
5 2-pentyl-furan * Sd
2-octanone
2-methyl-propanoic
-10 4 acid
heptanal
1-hydroxy-2-propanone
15 exanaic acid
-15 -10 -5 0] 5 10 15

Figure 2. Principal component analysis of volatiles and SPME-GCMS peak area data from the
headspace of inoculated Tsire
Sdl, Storage day 1; Sd2, Storage day 2; Sd3, Storage day 3; Sd4, Storage day 4.
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The mean quantities (ug/g) of some volatile molecules identified in the meat product
are shown in Table 3. Result indicated that compounds which have been regarded as
spoilage indicators of meat had higher TAUs in UC than IS samples (p<0.05), suggesting
the influence of the starter culture used. The compounds included 3-hydroxy-2-butanone,
heptanal, nonanal, 2-butanone, 1-octen-3-ol and 3-methyl-butanoic acid, some of which had

been noted earlier.

Table 3
Mean quantities (ng/g) of some head space compounds in 7sire

Compounds RI Tsire inoculated with P. acidilactici FLEQ7
SD1 | StdD | SD2 | StdD | SD3 | StdD | SD4 | StdD
2-butanone 618 | 38.52 | 2.78 | 3847 | 4.84 | 42.17 | 9.26 | 47.39 | 11.93
2,3-butanedione 621 | 3723 | 11.02 | 29.83 | 54 [3003 | 582 | 1673 | 3.29
2-hexanone 699 | 19] 051 ] 176 | 025| 17| 042 121 3
3-methy-1-butanol 701 | 126 | 054 | 1.82| 037 ] 337 0.09|2993| 7.26
2-heptanone 719 | 023 ] 001 ] 1.16 | 009 | 1.65| 039 2.17| 0.82
Heptanal 725 | 1.62 ] 008 | 058 | 003 ] 057 007 049 o.11
gz‘e}’t‘g‘r’l’)‘y'z'buta“"“e 727 | 2326 | 9.18 | 25.01 | 4.19 | 25.92 | 7.02 | 2728 | 5.4
1-octen-3-ol 741 | 236 | 019 ] 241 | 024 ] 198 008 | 2.13| 0.17
Ethylbenzene 747 | 122 ] 018 ] 069 | 004 | 031 007 032] 0.01
3-methyl-butanoic acid 756 | 231 077 ] 129 014 ] 093 004 | 077 ] 0.12
Nonanal 982 | 159 009| 1.62] 042 | 1.39] 041 | 089 | 0.02

Uninoculated Tsire ::1
Compounds g M1

SD1 | StdD | SD2 | StdD | SD3 |StdD | SD4 | StdD | &
2-butanone 38.51 | 9.28 [47.83 | 7.31[49.15| 8.97(59.53| 928 | 0.035| 2
2,3-butanedione 37.19 | 5.47[33.89 (1029 [30.95 | 12.4 3128 | 835| o0.013| 1
2-hexanone 1.87 | 024 | 1.85| 071 | 1.83] 061 | 1.84] 0.12] 0.007] 1,2
3-methyl-1-butanol 128 | 0.08| 1.97| 0.28[50.17 | 103 |61.29 | 1429 | 0.005| 2
2-heptanone 022 003 ] 227 0931041 ] 2.19|12.86 | 0.84| 0.009] 2
Heptanal 1.6] 0.18] 1.89] 055| 243 | 0.82| 586 | 093 | 0.008| 1
gz‘e}’t‘g‘r’l’)‘y'z'buta“"“e 23.75 | 4502972 | 102 |34.12 | 2.93 [37.84 | 472| 0.005| 2
1-octen-3-ol 242 026] 297 036 321] 1.02| 432] 0.63| 0.008] 2
Ethylbenzene 093 003] 292 0.07| 3.1] 074 396] 1.01| o001] 2
3-methyl-butanoic acid | 2.32 | 0.09 | 2.83 | 1.29| 2.94] 091 | 2.89| 0.72| 0.027| 2
Nonanal 1.6] 016 ] 243] 034 294 1.04| 3.72] 0.65| 0.005] 1

Each value is mean of three replicates of samples; SD1, storage day 1; SD2, storage day 2; SD3,
storage day 3; SD4, storage day 4; StdD, standard deviation; P-value, probability value; RI, retention

index; ML, method of identification; 1, Identification using authentic standards; 2, Identification using
retention indices from the literature and their mass spectra with the NIST mass spectral library
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Result of sensory study carried out on the meat samples during storage is presented in
Table 4. It was observed that IS samples recorded higher mean scores by the panelists than
UC (p<0.05) from 24 h of storage in the sensory properties of aroma, appearance,
tenderness and taste. The IS samples also recorded higher preference than UC in term of
general acceptability (p<0.05). The result of sensory study corroborates the report of Calo-
Mata et al. [27] who noted that LAB cultures may be used to develop desirable sensory
characteristic properties in food products. The number of panelist who allocated scores
higher than 5 to the meat samples decreased gradually as storage period progressed, the
decrease was however more pronounced in UC than IS samples. Result further indicated
that IS samples recorded higher acceptability by consumers than UC (p<0.05).

Table 4
Result of sensory study on the 7sire samples during storage

2 z £
w ] — ~~
9 7] = = s}
—_ 8 ] = g @ 5 '% .g A

s | = E £ > £ g £E

~ 7] = o el
E =] < L < (=3 o o O
A = ] = [ o b1 =
7)) < < 1= = 5] S ©
[75) o Ch < < <3
< = S ”

O B

0 F | 75+£129 | 69+0.18 | 7.8+0.76 | 7.6+2.01 | 8.1+1.29 100
24 | IS | 73+£1.20 | 7.0£092 | 74+£087 | 7.1 £230 | 7.5+2.17 90
US|69+098 | 61+1.28 | 62+1.07 | 6.7£0.29 | 6.9+ 1.55 75
48 | IS | 7.0+£2.08 | 6.5+1.33 | 6.9+094 | 6.8+£0.67 | 6.4+1.36 87
US | 58+£093 | 53+0.77 | 5.1+£1.25 | 53+1.33 | 5.2+0.55 59
72 | IS | 62+1.20 | 6.0+0.88 | 6.3+1.29 | 6.1+£0.82 | 5.9+0.72 74
US | 47+0.73 | 42+0.15 | 43+1.08 | 3.9+0.73 | 3.8+0.88 36

Each value is mean of three replicates of samples; SP, Storage period; F, freshly prepared Tsire; IS,
Tsire samples inoculated with starter culture; US, uninoculated Tsire samples; G.acceptability,
General acceptability; 7, number of panelists

From the results of this study, it was concluded that inoculation of Tsire with P.
acidilactici FLEQO7 as starter culture had significant and desirable influence on the
associated volatile compounds and sensory properties. This observation is in support of
previous studies which reported impact of LAB cultures on volatile compounds of meat
products. It was further concluded that the use of P. acidilactici FLEO7 may contribute to
extended shelf life of Tsire during storage as a result of reduction recorded in some of the
known spoilage molecules. Suitable LAB starter cultures may therefore be applied towards
promoting sensory quality development and availability of the traditional meat product
beyond the day of production.
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Introduction. Cereal products are a source of
carbohydrates, protein, macro and micronutrients, vitamins,
enzymes, dietary fiber, phospholipids. Sprouting grains is
one of the methods for biological activation.

Materials and methods. Grains of wheat, triticale and
naked oats have been studied. Protein was determined by
Bradford method, the starch content — by poalrimetric
method. Fat was determined by exhaustive extraction with
chemically pure hexane. Vitamins B;, B;, B;, Bs were
determined by the method of fluorometry. Vitamins PP
and E were determined colorimetrically. Determination of
vitamin C was performed by a titration method.

Results and discussion. An important task in the process
of preparing raw materials for health products is increasing
their food and biological value. We proposed a regime of
hydrothermal processing of grain at temperatures 12—16 °C.
Under these conditions, activation of the enzyme complex,
reduction of grain density and increase of its per unit
volume; activation of the synthesis of vitamins and vitamin-
like substance take place. In the process of biological
activation of grain the bioavailability of proteins,
carbohydrates, fat increases due to their partial hydrolysis. It
has been studied, that the content of fibres,which is natural
food sorbent, in biologically activated grains of wheat,
naked oats and triticale is respectively 2,68, 2,34, 2,62%. It
has been found that in the proposed processing of wheat,
triticale and naked oats the quantity of vitamin C increased
more than twice. The content of tocopherols increases
tenfold, routine — 2,5-3 times. It was established that after
hydrothermal treatment the total number of colony-forming
units  of mesophilic aerobic and facultative anaerobic
microorganisms in native and dried corn samples is within
the norms established by standards.

Conclusions. The results are of practical importance, as
they allow to recommend the use of biologically activated
wheat, triticale, naked oats for the production of food of
health, functional and health-care purposes.
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Introduction

Production of functional foods is a priority for all developed countries. The inclusion of
functional foods to the daily diet will allow to improve physical and cognitive functions of
organism, reduce the risk of many diseases, improve the genetic potential of humanity.

Grain raw materials is one of the main food basics for functional foods creation.

The aim of work is to research the increase of nutritional value of grain cereal crops
through biological activation under the proposed regimes for its use in the creation of health
food, functional and preventive nutrition.

Objectives of research:

— To propose mode of treatment of grain of cereals to increase its nutritional value;

— To explore the change in content of basic substances of grain in the proposed mode of
treatment;

— To explore the change in content of vitamins in wheat, triticale and naked oats during
processing;

— To determine the microbiological quality of grain, prepared by the proposed regime.

Analysis of the literature

Foods from whole grain cereals, which include shell of the grain aleurone layer and the
germ contain powerful antioxidants — vitamin E, C, carotenoids, choline, folate; cofactors
of antioxidant enzymes — microelements Se, Cu, Mg, food sorbents — cellulose, lignin,
lignin [1].

Scientists studied the total number of phenolic compounds, flavonoid content and
antioxidant activity of extracts of different fractions of grain cereals grinding. It has been
established that the flour of various sizes has lower antioxidant potential than bran fractions
(fine and coarse bran). The extract of barley had the highest values of antioxidant activity
and polyphenol content [2].

Improving the quality of raw materials is an important task of the food industry.

Recently, new technologies of unconventional processing of grain cereals that provide
germination process have been developed.

Sprouting as a method of biological activation, is used to increase the nutritional value
of grain and other raw materials.

During germination of wheat, the bioavailability of dietary compounds is increased by
partial hydrolysis of starch, protein, hemicellulose and cellulose; increase in content of
vitamins, bioelements and other biologically active substances. In addition, the activity of
some antialimentary active substances (inhibitors of enzymes, hemagglutinin) decreases
during germination, which promotes full absorption of grain nutrients [3].

Due to utility of germinated grains, they were used to produce malt extracts from oats,
barley, wheat, corn and peas. These products show a strong recreational effect on the
human body, stimulate metabolism, improve efficiency, increase the activity of the body
and its resistance to harmful factors [4].

Sprouted grain is a holistic living organism that possesses natural biological properties
and is in the stage of maximum vitality. Sprouted grain is a natural biogenic product that
has high energy potential, the total antioxidant capacity of which is 3 —10 times higher
(depending on culture) compared to the native grain.

Regular consumption of sprouted grain stimulates metabolism, hematopoiesis ,
improves immunity, compensates for vitamin and mineral deficiency, normalizes the acid-
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alkaline balance, cleans the body of toxins, contributes to good digestion, increases potency
and slows the aging process [5].

Sprouted grain wheat, which contains plant protein, is recommended to be included in
the diet intended as general strengthening of the body and enhancing or restoring sexual
activity in particular [6], reducing the risk of the emergence and development of cancer [7],
enrichment of child’s body in biologically active substances [8]. The consumption of
sprouted grains improves reproductive function [9].

During properly organized process of germination of grain its basic nutrients —
proteins, fats, carbohydrates — split under the influence of enzymes to form more simple
components that are easily absorbed by the human body, with a significant increase in
amounts of vitamins and vitamin-like substances. In addition, the germinated seeds contain
some kind of natural food sorbents — cellulose, hemicellulose, lignin, which are
indispensable components of food. That is why sprouted grain is used in many developed
countries as a valuable supplement to the diet, which promotes recovery and longevity.

There are data on the significant increase in the content of carotenoids and vitamin E
during germination of wheat, and the authors note that the maximum content of tocopherols
is increased on the second day, and the amount of carotenoids on the seventh day of
germination [10].

To improve the nutritional value of cereal grains and legumes, his soaking and
sprouting in water, solutions of sorbic acid and sea salt is recommended to combine with
the deep freeze, which contributes to the increase in number of reduced sugars [11].

Scientists say that the flour obtained from grain sprouted in sea salt solution contains
more amino acids and fatty acids as a result of activity of enzymes. In addition, mineral
composition is improved: the content of magnesium, calcium, potassium, iron, zinc, copper
increases 14.8; 7.5; 3.0; 4.7; 4.2; 6.3 times respectively compared with ordinary wheat flour
[12].

Sprouting for 48 hours improves the chemical composition of the fruit of the African
yam, a combination of such raw materials with sprouted grain of corn allows to get a
biologically valuable supplement to the diet [13].

Application of sodium selenate (Na,SeQ,) during germination of rye allows to get grain
enriched with this important microelement, besides, increases extractivity of received malt
[14].

Analyzing the effect of duration of germination on the nutritional value of wheat,
scientists found that after biological activation of wheat for 24 h the amount of vitamin E
increases by 6.5 times, the amount of niacin (PP) increases by 1.3 times, the content of
vitamins B, and C 6 increases respectively by 26 and 65%. The total number of amino acids
decreases by 17.4% [15].

It has been investigated that B-group vitamins, vitamins C and E, B-carotene are
accumulated in the process of grain sprouting gradually. The maximum increase in the
content of folic acid by 3.6 times in germinated seeds of wheat and by 1.7-3.8 times in rye
was fixed on the fifth day of germination [16].

It has been established that the rate of creating of vitamins E, C, B is maximum during
the development of germ from burgeoning to the size of 2—3 mm, which indicates the
feasibility of using sprouted grains for producing health foods in the initial stage of
germination.

The use of biologically activated wheat in the bakery makes it possible to increase the
biological value of bakery products [17].

The biologically activated wheat contains significant amounts of vitamins and fiber, so
its use is appropriate for the enrichment of bread. During the germination of seeds redox
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systems that have B vitamins in their structure are formed. It has been studied that the
content of B vitamins, including B, B;, Bs, B 5—10 times higher in sprouted wheat grain
than in mature one. Also, vitamin C is synthesized during the process of grain sprouting.
The inclusion of biologically activated wheat to bread recipe in amount of 15% allows to
get a product with good organoleptic and technological characteristics [18].

A new kind of corn bread from sprouted wheat "Colossus", which has high quality,
including increased specific volume of the bread pan, well-developed uniform crumb
porosity, improved microbiological indicators, extended shelf life has been developed [19].

The influence of biological activation of grain cereals, including wheat, triticale, naked
oats on the change of the content of its basic nutrients is a key issue; in literature no
relevant data are available.

Materials and methods

The object of research is the grain of wheat, triticale and naked oats of such breeds as
accordingly Myronivska 137, Molfar, Solomon of harvest of 2015 were used for studies.

Protein was determined by Bradford method [20], the starch content — by physical
method. The physical method based on starch dissolving and determination of the solution
poalrimetric deviation. Fat was determined by exhaustive extraction with chemically pure
hexane. Vitamins B, B,, B;, B¢ were determined by the method of fluorometry. Vitamins
PP and E were determined colorimetrically.

Determination of vitamin C was performed by a titration method. The method is based
on extraction of vitamin C from the sample with solution of acid (hydrochloric,
metaphosphoric acid or a mixture of acetic and metaphosphoric), followed by further
titration potentiometrically or visually with solution of 2,6-dyhlorfenolindyfenolyat
sodium.

Microbiological samples of grain of wheat, triticale and naked oats native and
biologically activated was determined after drying to a moisture content of 11-12%.

With this aim the studied samples were plated on agar surface of nourishing source:
meatpepton agar (detection of mesophilic aerobic and facultative anaerobic
microorganisms) wort-agar (yeast and fungi).

Cups of crops were incubated for 2—3 days at 37 °C for determining the total number
of microorganisms. Crops in the cup of the wort-agar medium for detection of fungi and
yeast were incubated at a temperature of 28 °C for 5-7 days.

Results and discussion

Hydrothermal processing of grain is used in flour and cereal industries, the production
of animal feed. It is known that hydrothermal processing of grain influences the anatomical,
physical, chemical, structural, mechanical and biochemical properties of grain, changing its
technological properties. Traditional modes of cold air-conditioning in the production of
flour and grain provide moistening and long moistening — for 4-8 or 1624 hr., depending
on the type of wheat, to a moisture content of 15,5-17% at 20 to 40 °C. Under these
conditions the scarifiering of endosperm, the formation of cracks in it; changing the
thickness of the shells and aleurone layer, increasing of their flexibility and strength take
place, the moisture of corn increases by 1,5-2%. These factors increase the degree of
extraction of endosperm, flour yield, reduce energy consumption for grinding grain. In
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cereal production the aim of hydrothermal treatment is to increase core strength, providing
a higher yield of whole grains. So, hydrothermal treatment regimes include steaming under
pressure and tempering of grain. The production of wheat cereals of cold conditioning is
carried out at a temperature of 30—40 °C.

We proposed the regime of hydrothermal processing — cold air conditioning at
temperatures 12—16 °C for 25-30 hours. Under these conditions, grain moisture increases
by 30-35%, which leads to activation of the enzyme complex, decrease in grain density and
increase in its per unit volume. As a result of the intensification of enzymatic processes a
partial hydrolysis of carbohydrates and proteins, change of conformation of proteins,
activation of the synthesis of vitamins and vitamin — like substances take place.

The relative change in weight of wheat, triticale and naked oats in the process of
hydrothermal treatment has been investigated. Setting the intensity of mass change that
characterizes the percentage of moisture absorbed by grain during each hour in the process
of humidification showed that the highest intensity of grain swelling occurs within four
hours of active humidification. This pattern of moisture absorption occurs during the first
cycle of hydrothermal processing of grain. After reaching significance humidity of 30 —
35% of the swelling process slows down dramatically.

The change in content of essential nutrients of grain cereals in the proposed regime of
hydrothermal processing has been investigated, the data are presented in table 1.

Table 1
The content of organic substances in major grain cereals
Cereals | Proteins,g | Fats, g | Starch, g | Cellulose, g
Native grains
Wheat 12,5 1,72 68,04 2,45
Oat 16,8 5,3 40,52 2,26
Triticale 13,0 1,97 65,41 2,59
Biologically activated grain
Wheat 10,8 2,52 54,36 2,68
Oat 14,2 6,52 34,61 2,34
Triticale 11,8 2,7 52,3 2,62

The decrease in the total number of proteins was marked iln the process of biological
activation of grain that is consistent with the literature and is explained by the removal of
protein molecules from amino acids that take a direct part in metabolic processes occurring
in plant tissues and cells. Fat content in the grain increases during processing, which is
associated with the mutual conversion of carbohydrates proteins and fats. A significant
decrease in the number of carbohydrates due to hydrolysis to sugars has been marked.

Dietary fiber is a complex of natural polysaccharides of plant origin, which have water-
retaining, fat-connecting, gelling and sorption properties. Dietary fiber can adsorb toxic
substances, heavy metals, radionuclides, bile acids, cholesterol. Fiber as one of the main
components of dietary fiber is an activator of digestive enzymes, their stabilization occurs
on its surface and enhances the activity of enzyme systems, improving detoxification
processes.

It has been studied that fiber content in the biologically activated grain cereals of
wheat, naked oats and triticale is respectively 2,68, 2,34, 2,62%.

Due to the high water-retaining capacity, fibers have positive effect on digestion, they
occupy a significant volume of the intestine and increase its motility.
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We investigated the water-retaining capacity of fiber of biologically activated wheat,
oats and triticale. When the temperature rises the water-retaining capacity increases
significantly. The research was conducted at room temperature and at 36 °C, to bring to the
terms of stay of dietary fiber in the gastrointestinal tract of the human body. Figure 1 shows
indicators of water-capacity of studied fiber grain cereals.

4,0

3,0 ||
25 ||
2,0 ¢ —
1,5 1 ||
1,0 | —{ OTriticale

H Wheat
OOats

Water-retaining capacity,
g water /g fiber

0,5 - -
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24 36
Temperature, ° C

Figure 1. The water-retaining capacity of fiber of wheat, oats and triticale

So, from the received data we can conclude that for their waterhold ability dietary
fibers of wheat, oats and triticale relate to water-retaining fibers that connect from 2 to 8 g
water/g of fiber.

During the hydrothermal treatment under the proposed regime the change of content
of vitamins that exhibit antioxidant properties of tocopherol, ascorbic acid, rutin has been
researched (Tab. 2).

Table 2
The content of vitamins C, E, and P in grain cereals
Cereals | Vitamin P, mg% | Vitamin E, mg% | Vitamin C, mg%
Native grain
Wheat 3,9 0,34 2,6
Oat 3.4 0,21 1,2
Triticale 4.5 0,47 2,3
Biologically activated grain
Wheat 9,3 10,73 5,7
Oat 7,9 9,26 3,8
Triticale 9,2 10,82 4,1
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Vitamin E (tocopherol) is found in a germ of grain. Its main role is to protect
unsaturated fatty acids, which are important for the integrity of cell membranes, against free
radicals. In human body, vitamin E improves blood circulation, prevents blood clots and is
a synergist of vitamin A.

Vitamin C is a component of the oxidation-reduction systems, it prevents the formation
of excess of oxidative free radicals, promotes the oxidation of cholesterol, involved in the
synthesis of connective tissue structures and the formation of a number of hormones that
positively affect most parts of the immune system.

Substances with P-vitamin activity strengthen capillary walls and thereby reduce their
permeability. They are involved in tissue respiration, increase the effect of ascorbic acid.

Experimental studies have established that during the proposed preparation of wheat,
triticale and naked oats vitamin C increases more than twice. The content of tocopherols
increases tenfold, routine — by 2,5-3 times.

It has been investigated that during hydrothermal treatment under the proposed regime
the content of water-soluble vitamins in grains of wheat, triticale and naked oats also
significantly increases: the number of thiamine and riboflavin increases by 2-2,5 times; the
content of pantothenic acid, pyridoxine, nicotinic acid and inositol increases by 1,5-2
times.

The total number of colony forming units of mesophilic aerobic and facultative
anaerobic microorganisms (CFU MANFAnM) was determined in native and dried corn
samples after hydrothermal treatment. The results of the research of microbiological
indicators of grain are given in Table 3.

Table 3
Microbiological indicators of grain
Microbiological parameters
Quantity Pathogenic
A sample of grain MAFAnM, Molds, CFU/g, microorganisms,
CFU/g, not more including Salmonella
not more in25¢g
Cereal grains, 5-10° 50 Not allowed
normative values
Grain of wheat 2-10° 30 Not found
Grain of oat 3-10 25 Not found
Grain of triticale 2-10° 21 Not found
Qram gf Wheat,. 3-10° 25 Not found
biologically activated
Grain of oat, 12 Not found
biologically activated 2’10 20
Grain of triticale, 12 Not found
biologically activated 310 20

As a result of studies it has been found that microbiological fertilizing of native wheat,
triticale and naked oats and biologically activated is not higher than permissible values of
microbiological fertilizing, therefore the grain after the proposed treatment is secure raw
materials for food production in terms of microbiological purity.
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Conclusions

It has been established that during hydrothermal processing of grain of wheat, triticale,

naked oats by the proposed regime its food and biological value increases through the
partial conversion of the main components — proteins, fats and carbohydrates in a more
accessible for assimilation form; a significant increase in content of vitamins, especially
those that exhibit antioxidant properties, B vitamins. Biologically activated grain cereals
with intact structure, without separation of membranes are a source of natural food
sorbents. The received results are of practical importance, as they allow to recommend the
use of biologically activated wheat, triticale, oats for the production of health, functional
and health-care purposes foods.
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Introduction. The concern for obtaining some secondary
metabolites with health-beneficial effects has initiated
studies on valorization of by-products. In this sense, fruit
processing by-products have attracted great interest as
sources of bioactive compounds.

Materials and methods. Pomaces of raspberry and
blackberry were obtained after juice separation. These
byproducts were characterized in terms of total phenolic
content (TPC) by Folin-Ciocalteu method and total
monomeric anthocyanins content (TAC) by pH differential
method. Also, antioxidant activity of pomaces against stable
1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals was
evaluated.

Results and discussion. Pomace of blackberry was
characterized by significantly higher TPC (10.1 mgGAE/g)
and TAC (6 mg C3GE/g) compared to raspberry (8.2 and
3.6 mg/g, respectively). DPPH radical scavenging activity
was similar, with slightly higher values in pomace of
raspberry (11.7 pmolTrolox/g) than in blackberry (10.9
umolTrolox/g). The total soluble solids was 9.3 °Bx in RP
sample, significantly lower than in BP sample with value
14.5°Bx.

This study indicates that both, raspberry and blackberry
pomaces, as wastes of juice production, could be used as a
cheap source of bioactive compounds with strong
antioxidant activity. Therefore, these pomaces should be
considered as a raw material for production of valuable
dietary supplements and natural colorants for development
of new products with high value added. By-products of fruit
processing could be used due to convenience, accessibility
and low cost, as suitable way to increase health properties of
food. The potential utilization of fruit pomaces could be the
enrichment of different products such as bakery products,
biscuits, cookies, paste, ice cream, fruit yogurts etc.

Additionally, the potential applications of the ethanol
used for bioactive compounds extraction in this study must
be considered on the basis of the solvent percent choice,
liquid—solid ratio, temperature, and time applied.

Conclusion. Raspberry and blackberry pomaces,
discarded during juice production, represent significant
sources of bioactive compounds, such as phenolic
antioxidants.
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Introduction

In recent years, food industry has been facing to high expectations that food products
should meet consumers’ demands for a healthy life style. Therefore, the role of food is not
only to satisfy hunger and provide necessary nutrients, but also to prevent nutrition-related
diseases and improve consumers’ physical and mental well-being [1]. The growing interest
in functional food leads to examination for new sources of bioactive compounds [2]. In this
regard, the importance of plant secondary metabolites and their potential effects on human
health have been intensively studied. Researches indicate that by-products of food
processing represent a disposal problem, but also they are promising sources of compounds
which could be used because of their convenient technological or high nutritive properties
[3].

Berries are rich sources of antioxidants and other bioactive compounds. Many studies
claim that the dietary intake of these fruits has positive effects on human health,
performance and disease [4, 5]. Besides high contents of fibers, vitamins and essentials
minerals, raspberries and blackberries are known for their high contents of phenolic
compounds, such as phenolic acids, tannins, flavonoids and anthocyanins [6, 7].
Raspberries (Rubus idaeus L.) and blackberries (Rubus fruticosus L.) are produced in more
than 30 countries worldwide. Despite those berry fruits are often sold and consumed fresh,
it represents less than 10% of produced berries, due to their perishability contributes to
nutritional and microbiological deterioration and diminishes quality and health benefits.
Thus, large fractions are processed into juices, jams, jellies, syrups, fruit wines,
confectionery products, yogurts, and as ingredients of various foods [5, 6, 8, 9].

The high amounts of residues rich in phenolic antioxidants and fibers are produced
during industry manufacturing [10]. Nowadays, there is great interest in the recovery of
these by-products as raw materials for development of natural food additives and functional
food [5]. Additionally, from the economic point of view, fruit processing by-products are
the best sources of bioactive compounds and their utilization ensures more effective by-
product management [7, 11]. The palatable taste and functional properties make berries
suitable for obtaining functional food enriched by the valuable compounds [10]. For
example, for this purpose, strawberry, sour cherry, raspberry and blackcurrant pomaces
were used in order to increase the nutritional values of muffins [11], while raspberry
pomace was used as replacement of flour in cookies [2].

The aim of this study was to investigate the potentials of raspberry and blackberry
pomaces as sources of bioactive compounds. In this context, the contents of total phenolic
compounds and monomeric anthocyanins, as well as 2,2-dyphenyl-1-picrylhydrazyl
(DPPH) radical-scavenging activity were determined.

Materials and methods

Meeker variety raspberry and Cacanska bestrna variety blackberry were cultivated in
Aleksandrovac, Serbia. Folin-Ciocalteu reagent and gallic acid were purchased from Merck
(Darmstadt, Germany). Sodium carbonate and sodium acetate were supplied by Centrohem
(Belgrade, Serbia). DPPH (2,2-dyphenyl—1-picrylhydrazyl) and Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) were provided by Aldrich (Sigma-Aldrich Chemie
Steinheim, Germany). Ethanol was procured from Vrenje Spiritana (Belgrade, Serbia). All
other chemicals used for the experimental procedures were of analytical grade and used as
such without further purification.
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Samples of the berries were stored at —20 °C prior to analysis. Pomaces of raspberry
(RP) and blackberry (BP) were obtained after juice separation. The extraction of the
pomaces was performed with 70% ethanol solution at room temperature. The weight ratio
of pomaces and ethanol was 1:2 in favor of ethanol.

The concentration of soluble solids in samples was measured using Abbe refractometer
(Bellinghan & Stanley Ltd., UK).

Total phenolic content of raspberry and blackberry pomace extracts was determined
spectrophotometrically according to the Folin-Ciocalteu method [12]. It is accepted that
Folin-Ciocalteu reagent contains complex of phosphotungstate and phosphomolybdate.
This method is based on the transfer of electrons from phenolic compounds to molybdenum
in alkaline conditions. The result of the reaction is blue complex whose absorbance is
measured at 765 nm.

Briefly, 0.5 mL of diluted extracts were mixed with 2.5 mL of 10-fold diluted Folin-
Ciocalteu reagent and allowed to react for 5 minutes. 2 mL of sodium carbonate solution
(75 g/L) was added to the mixture and shaken. After 2 h of reaction at room temperature,
the absorbance of the developed blue coloration was measured at 765 nm against a blank
sample_using UV-Vis double beam spectrophotometer (HALO-DB/2S, Dynamica,
Switzerland). The calibration curve was prepared using solutions of gallic acid as the
standard and the results were expressed as milligrams of gallic acid equivalents per gram of
pomace (mg GAE/g).

Total monomeric anthocyanins content of raspberry and blackberry pomace extracts
was estimated spectrophotometrically using UV-Vis double beam spectrophotometer
(HALO-DB/2S, Dynamica, Switzerland) by pH differential method [13]. The base of this
method is the structural transformation of anthocyanins in change in pH. The monomeric
anthocyanins are subject to reversible structural transformation as a function of pH wherein
at pH = 1 are in the form of intensively stained flavylium cation and at pH = 4.5 taking the
form of a colorless hemiketal. The content of anthocyanins is determined by measuring the
change in absorbance at two different pH values (pH = 1 and pH = 4.5). The difference in
absorbance of a pigment at wavelength of 520 nm is proportional to the concentration of the
pigment. Anthocyanins were quantified as cyanidin-3-glucoside equivalents and resulting
values were expressed in terms of milligrams of cyanidin-3-glucoside equivalents per gram
of pomace according to the following formula:

Anthocyanin content (cyanidin — 3 — glucoside equivalents,%) = AMW—IZ)FW
c-
where:
A = (Aszonm — A7000m)pH1.0 — (As20nm — A7000m)pH 4.55
MW = molecular weight of cyanidin—3-glucoside;
DF = dilution factor;
1 = path lenght (1 cm);
€ = molar extinction coefficient (26900 L/mol X cm);
10° = conversion factor.

DPPH radical-scavenging activity of pomace extracts was investigated
spectrophotometrically according to the slightly modified procedure described by Kaneda
et al. [14] using UV-Vis double beam spectrophotometer (HALO-DB/2S, Dynamica,
Switzerland). 2,2-dyphenyl-1-picrylhydrazyl (DPPH) is purple stable free radical with a
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delocalized unpaired electron and with maximum absorbance at 515 nm. Dark purple
radical becomes pale yellow hydrazine as the result of reaction between DPPH and
antioxidants.

Briefly, diluted extract (0.2 mL) was added to the DPPH working solution (2.8 mL,
mixture of 1.86 X 10~* mol/L DPPH in ethanol and 0.1 M acetate buffer (pH = 4.3) in ratio
2:1 (v/v)). The mixture was shaken and left at room temperature for 6 min. The absorbance
was measured at 515 nm. The Trolox calibration curve was plotted as a function of the
inhibition percentage of DPPH radical. The results were expressed as micromoles of Trolox
equivalents per gram of pomase (umol TE/g).

All results were obtained in three independent measurements and expressed as mean +
standard deviation. The experimental data were subjected to One-way analysis of variance
(ANOVA) and Tukey’s test was used to detect difference (p < 0.05) between the mean
values. Statistical analyses were performed with the statistical program STATISTICA 12
(Data Analysis Software System, Stat-Soft, Inc., USA).

Results and discussion

The extracts of raspberry and blackberry pomace were comparatively evaluated in
terms of their antioxidant phytochemicals through assessment of total phenolic and
anthocyanin contents, as well as DPPH radical scavenging activity (Figure 1).
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Fig 1. Total phenolic content (a), total anthocyanin content (b) and antioxidant activity (c) of
raspberry (RP) and blackberry pomace (BP)
*The results are expressed as the mean + standard deviation (n=3)

The results of total phenolic content determined by Folin-Ciocalteu method proved that
raspberry and blackberry pomaces contain a high amount of these compounds. As can be
seen on Figure 1a pomace of blackberry was characterized by higher TPC (10.1 mg GAE/g)
than raspberry (8.2 mg GAE/g). The observed difference was statistically significant at the
level of 5%. The combination of pure water with ethanol, as an organic solvent, creates a
moderately polar medium favoring the extraction of polyphenols from berries which have
moderately polar nature [7, 15, 16]. The obtained results are in accordance with results
published by other authors that have also investigated extracts of berry by-products as
sources of antioxidant polyphenols [5, 7, 16]. The major concern with polyphenol

488 ——Ukrainian Food Journal. 2016. Volume 5. Issue 3



Food Technologies

extraction is the effect of increased temperature due to thermal reaction leads to degradation
of the polyphenols and formation of Maillard reaction products [16]. All above-mentioned
data indicate that the extraction procedure applied in this study represents a good method
for the production of phenolic extracts from fruit processing by-products.

The level of total anthocyanins content varied depending on the types of fruit used for
juice production. Namely, significantly higher difference has been detected for TAC, where
the BP sample (6 mg C3GE/g) is remarkably dominant compared to RP (3.6 mg C3GE/g)
(Figure 1b). It could be explained to some extent with berry structure and composition,
such as higher content of total solids and thus potential bindings with anthocyanins and/or
similar molecules with sugar or fibers. Specifically in this study, the total soluble solids was
9.3 °Bx in RP sample, significantly lower than in BP sample with value 14.5 °Bx. It could
be concluded that these extracts have a potential as replacements for synthetic food
colorants thanks to content of anthocyanins.

Contrary to the results of TPC and TAC, DPPH radical scavenging activity of RP (11.7
umolTrolox/g) and BP (10.9 umolTrolox/g) have been statistically insignificantly different,
with slightly higher values in RP sample (Figure 1c¢). It could be explained by the extraction
of ellagic acid which expresses strong antioxidant activity and presents the most abundant
phenolic compound of raspberry. Additionally, extraction of other compounds, such as
vitamin C could contribute to higher antioxidant activity [17]. Additionally, the antioxidant
activity of phenolic compounds depends on their structural features and represents ability to
scavenge free radicals, donate hydrogen atoms or electron, or chelate metal cations [6]. In
that regard, it is necessary to determine the chemical profile of the obtained extracts. Since
high portion of these pomaces represents seeds it should be kept in mind that seed oils are
rich in not only phenols, but essential omega fatty acids tocopherols, sterols, and
carotenoids that have antioxidant properties [18].

As can be seen from the Table 1, coefficient of determination has been higher in case
of BP and statistically significant among TPC and DPPH for same sample.

Table 1
Coefficient of determination between methods used in the study

TPC TAC DPPH
R
RP BP RP BP RP BP
TPC --- 0,73 | 1,00 | 0,89 | 1,00
TAC 0,73 | 1,00 --- 0,60 | 1,00
DPPH | 0,89 | 1,00 | 0,60 | 1,00 ---

*Bolded numbers are statistically significant

Generally, very important factors represent (pre)treatments applied during processing
of berries (e.g. juices production). Application of different temperatures, filtration, enzymes
and other biocatalysts have strong influence on the content of bioactive compounds that
remains in pomace, beside cultivars as raw material [8, 19, 20, 21]. Also, these compounds
are enclosed in complex insoluble structures, such as vacuoles of plant cells, thus their
extraction is complicated and the potential of new technologies should be studied [22].
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Conclusions

This study points out that raspberry and blackberry pomaces, discarded during juice
production, represent significant sources of bioactive compounds, such as phenolic
antioxidants. Resulting residues could be used as cheap sources of potential dietary
additives, even natural colorants for development of new products with high value added.

The potential applications of the ethanol for bioactive compounds extraction must be
studied on the basis of the solvent percent choice, liquid—solid ratio, temperature, and time
applied. Since an economical issue is crucial one for the industrial implementation, the
combination of effective extraction and low-cost raw materials is desirable. It represent and
environmental and economical solution at the same time, contrary to conventional
extraction methods where large amounts of organic solvents and long extraction times are
required.

The use of the novel processing technologies will reduce food processing wastes and
facilitate the production of natural valuable products which will guarantee food
sustainability and also, meet consumer demands for product with healthy constituents.
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Introduction. The objectives of this study are to present
the chemical composition of essential oils from Rosa
damascena Mill., growing in a new region of Bulgaria.

Materials and methods. The rose flowers were
harvested in 2016 in the vicinity of the town of Vidin
(North-West Bulgaria) in the stage of flowering in two
periods — 10 May (sample 1) and 26 May (sample 2).

The chemical composition of the oil is determined
chromatographically.

Result and discussion. The moisture of the plants is
82.70% (for sample 1) and 79.04% (for sample 2). The yield
of essential oil is 0.08% and 0.03%, respectively.

Thirty-nine components were identified in the oil in
sample 1 and sample 2. Two groups of compounds were
found in hydro-distillated rose oils, — odor carriers and odor
fixators. Terpene alcohols are the main components
responsible for the characteristic odor of rose oil and
represent about 56% of total identified substances. High
geraniol content with combination of citronellol, farnesol
and nerol results in a strong, sweet, floral fresh rosaceous
character of the produced rose oils.

The chromatographic profile of the rose oil revealed a
significant presence of aliphatic hydrocarbons (31%) which
are the main components responsible for the odor stability.

The main compounds of essential oils were as follows:
B-citronellol  (30.24-31.15%); trans-geraniol  (20.62—
21.24%), n-heneicosane (8.79-9.05%), n-nonadecane (8.51—
8.77%), nonadecene (4.42—4.55%) and phenylethyl alcohol
(4.04-4.16%).

Conclusion. For the first time in new region of Bulgaria
essential oil from Rosa damasena Mill. was obtained.
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Introduction

Bulgaria is relatively small country in South-East Europe and located in the centre of
the Balkan Peninsula. The climate ranges from moderate continental in the northern part to
the Mediterranean (subtropical in southwest and southeast regions). As a result of the
climatic conditions, soils and other natural factors, Bulgaria has been a producer of rose oil
from Rosa damascena Mill for more than 400 years. The rose plants were cultivated in
Central Bulgaria in the “Valley of the Roses” which is between the towns Karlovo and
Kazanlik (350 melev.) [1].

Rosa damascena Mill. is the most common in Rosaceae family and the aromatic
products are used many different industries such as perfume, cosmetic, pharmaceutical and
food. The plant is cultivated and used in Bulgaria, Turkey, Iran, India, China, Libya and
other countries [1].

The industrial processing of rose sets its beginning in the middle of 17th century
century probably from the Damascus area of Syria. The rose area decreased almost by
50% — from about 2500 ha in 1990 to about 30 000 dka in 2011. Currently, the Bulgarian
essential oil industry employs about 12000 people full-time. During the months May to
September, the total number involved in cultivation and processing operations increases to
40000.

The essential oil is deposited mostly in the petal leaves (about 93% of the total content
of the flowers) — in the cells of the epidermis and the parenchyma. The average oil content
in the flowers is 0.035%, but varies among varieties from 0.009% to 0.062% [1]. Roses are
known to pass through six phases of flower development from bud-forming to fading, and
the transition between each of the stages brings about changes in the quantity and the
composition of the essential oil.

In full bloom (Phase IV) the oil content is maximum (0.071%), and the content of
terpene alcohols (totaling 43%) is highest, while the amount of stearoptene is minimum
(16%). With the lowest content of terpene alcohols and the highest of stearoptene are
characterized the oils from just-opening buds (Phases I and II). The excess presence of buds
and overblown blossom in the processed raw material delivers essential oil with modified
composition, i.e. non-standard oil.

Rose oil is an oily, clear liquid or a heterogeneous mass, with yellow to yellow-green
color and specific odor. Approximately 400 oil components have been identified. About
62—77% terpene compounds are found in oil’s composition: hydrocarbons (monoterpenes
up to 2% and sesquiterpenes 3—5%), oxygen-containing derivatives (monoterpenes 64—71%
and sesquiterpenes 0.5-2%), fatty hydrocarbons and their oxygen derivates (18-25%),
phenylpropanoids (3—5%), and others (0.5-2%) [1].

The distillation itself is the simple process of ‘water-distillation’. The flowers are
soaked in water and are distilled in containers of 1, 2, 5 to 10 m>. The distillate separates
continuously in a Florentine flask into water and oil (the so-called ‘direct oil’). The water
phase, containing emulsified oil and dissolved polar components, yields by a second
distillation, involving cohobation, the so-called ‘water-oil” and rose water. The two types of
oil are mixed together to form the final product, known as rose oil.

The annual production of rose oil in Bulgaria over the last 18 years has varied between
750 to 1900 kg, except for the poor weather year of 2002 t hat yielded only 620 kg. The
peak rose oil output of 1650 kg over the last 30 years occurred in 1975-76. Along with the
maturation of the new rose plantations, our aim is to achieve an annual production of 1400—
1500 kg of rose oil in the next 3—4 years.
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Rose oil composition is varied over the different conditions, for example harvesting
period [2], ecological factors [3, 4, 5, 6, 7] etc. [8, 9, 10]. It is known that the rose essential
oil has an antimicrobial activity [5, 9].

The essential oil is extensively applied in perfumery, cosmetics and medicine. Rose
essential oil is distinguished by a multifaceted pharmacological activity — it is used in the
treatment of gall stones, in cases of impaired lipid metabolism; it performs antisclerotic,
antispasmodic, and hepatoprotective actions [1].

The objectives of this study are the following: to present the chemical composition of
essential oils from Rosa damascena Mill., growing in a new region of Bulgaria; comparing
of the obtained results with composition of rose oil standardized in ISO 9842:2006 in order
to validate their quality.

Materials and methods

Materials. The rose flowers were harvested in 2016 in the vicinity of the town of Vidin
(North-West Bulgaria, 150-200 m elev.) in the stage of flowering in two periods — 10 May
(sample 1) and 26 May (sample 2).

Sample preparation. The oils were prepared by hydrodistillation for 2 h 30 min in
laboratory glass apparatus of British Pharmacopoeia, modified by Balinova and Diakov
[12]. The oils were dried over anhydrous sulfate and stored in tightly closed dark vials at
4°C until analysis.

Moisture content measurement. The row materials moisture content was determined
by drying up to constant weight, at 105 °C. The water content is expressed as the
percentage, by weight, of the dry sample [11].

Chemical compositon determination. GC analysis was performed using gas
chromatograph Agilent 7890A; column HP—5 ms (30 m x 250 um x 0.25 um); temperature:
35°C/3 min, 5°C/min to 250°C for 3 min, total 49 min; carrier gas helium 1ml/min constant
speed; split ratio 30:1. GC/MS analysis was carried out on a mass spectrometer Agilent
5975C, carrier gas helium, column and temperature as the same as the GC analysis. The
components of the oils were identified by their retention indices and by comparison of their
mass spectra whit those of authentic samples or with data already available in the literature.

Statistical analysis. Variance analysis of the results was carried out by least square
method with application of Microsoft Office Excel program. Differences were considered
statistically significant if probability was greater than 95% (q < 5%). Experimental results
are represented according to standard rules.

Results and discussion

The moisture of the plants is 82.70% (for sample 1) and 79.04% (for sample 2). The
yield of essential oil is 0.08% and 0.03%, respectively.

Chemical compositions of the oils are listed in Table 1.

Thirty-nine components representing 96.61% of the total content were identified in the
oil in sample 1. Ten of them were in concentrations over 1% and the rest 29 constituents
were in concentrations under 1%. As seen the major constituents (up 3%) of the oil are as
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follows: p-citronellol (30.24%); trans-geraniol (20.62%), n-heneicosane (8.79%), n-
nonadecane (8.51%), nonadecene (4.42%) and phenylethyl alcohol (4.04%).
A total of thirty-nine components representing 99.54% of the total content were
identified in the oil in sample 2. Ten of them were in concentrations over 1% and the rest
29 constituents were in concentrations under 1%. As seen the major constituents (up 3%) of
the oil are as follows: B-citronellol (31.15%); trans-geraniol (21.24%), n-heneicosane
(9.05%), n-nonadecane (8.77%), nonadecene (4.55%) and phenylethyl alcohol (4.16%).

Table 1
Chemical composition of rose oils,%

Compounds RI" [Sample 1|Sample 2| Compounds | RI* |Sample 1|{Sample 2

(10 May) (26 May) (10 May) (26 May)
o-Pinene 939 | 0.17 0.18 |o-Humulene 1454 0.84 0.87
Camphene 9541 0.13 0.13 |3-Cadinene 1525| 0.16 0.16
Sabinene 971 0.05 0.05 |n-Hexadecane |1600| 0.23 0.24
B-Pinene 979 | 0.43 0.44 |8-Heptadecene |1683| 0.18 0.19
B-myrcene 991 | 0.08 0.08 |n-Heptadecane |1700| 0.35 0.36
Phenylethyl alcohol {1110 4.04 4.16 |Farnesyl alcohol | 1725| 0.21 0.22
B-Linalool 1097 0.85 0.87 |n-Octadecane 1800 0.19 0.20
cis-Rose oxide 1106| 0.16 0.18 |Nonadecene 1880 4.42 4.55
trans-Rose oxide |1124| 0.09 0.09 |n-Nonadecane |1901| 8.51 8.77
Terpinene-4-ol 1179 0.18 0.19 |n-Eicosane 2000 2.03 2.09
a-Terpineol 1187 0.86 0.89 |10-Heneicosene |[2093| 0.92 0.95
B-Citronellol 1225 30.24 31.15 |n-Heneicosane [2100| 8.79 9.05
cis-Geraniol 1229 3.28 3.38 |n-Docosane 2200 0.31 0.32
trans-Geraniol 1248 20.62 21.24 |(Z)-9-Tricosene [2294| 0.55 0.57
Citronellyl acetate [1351| 0.57 0.59 |n-Tricosane 2300 2.22 2.29
Geranyl acetate 1382 1.82 1.87 |n-Tetracosane |2400| 0.15 0.15
Eugenol 1386| 0.75 0.77 |n-Tricosanol-1 |2495| 0.26 0.27
B-Elemene 1390 0.42 0.43 |n-Pentacosane |2500| 0.11 0.11
Methyleugenol 1405| 0.05 0.05 |n-Hexacosane |2600| 0.88 0.91

B-Caryophyllene |1419| 0.51 0.53

%, relative percentage of ionic current, * Retention indices (RI)

Two groups of compounds were found in hydro-distillated rose oils, — odor carriers and
odor fixators. Terpene alcohols are the main components responsible for the characteristic
odor of rose oil and represent about 56% of total identified substances.
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The chromatographic profile of the rose oil revealed a significant presence of aliphatic
hydrocarbons (31%) which are the main components responsible for the odor stability
(Table 2). Distribution of aroma substances in the two samples shown that the dominant
group is oxygen monoterpenes, followed by aliphatic hydrocarbons and phenyl propanoids.

Table 2
Chromatographic profile of the rose oil, %

Groups of compounds Sample 1 Sample 2
(10 May) (26 May)
Aliphatic hydrocarbons 31.16 31.16
Monoterpene hydrocarbons 0.89 0.88
Oxygen monoterpenes 60.73 60.73
Sesquiterpene hydrocarbons 2.00 2.00
Oxigen sesquiterpenes 0.22 0.22
Phenyl propanoids,% 5.00 5.01

According to qualitative and quantitative content of the major constituents the
produced oils are equal to the rose oil (see Table 3).

Citronellol dominates, followed by geraniol and nerol and their concentrations are
similar to those regulated by ISO 9842:2006 (Table 3). Citronellol/geraniol ratio was used
to evaluating the odor quality of rose oil. A value between 1.25-1.30 is considered as a
reference for the best odor [14].

The data in Table 3 shows that the ratio is 1.47 for the both samples of rose oils which
guarantees their excellent properties. High geraniol content with combination of citronellol,
farnesol and nerol results in a strong, sweet, floral fresh rosaceous character of the
produced rose oils [15].

Table 3
Comparative chemical composition of rose aromatic products

No Compounds, Essential oils Essential oil
% (samples 1 and 2) [13]

1. | Phenylethyl alcohol 4.04-4.16 max 3.5

2. | Citronellol 30.24-31.15 31.15

3. | Nerol 3.28-3.38 5.0-12.0

4. | Geraniol 20.62-21.24 15.0-22.0

5. | Eugenol 0.75-0.77 -

6. | Methyleugenol 0.05 -

7. | n-Heptadecane 0.23-0.24 1.0-2.5

8. | n-Nonadecane 8.51-8.77 8.0-15.0

9. | n-Heneicosane 8.79-9.05 3.0-5.5
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The difference in chemical composition of the our investigations (higher content of n-
heneicosane and lower of n-heptadecane) and the reported data may be due to
environmental conditions under which the plant has grown.

Conclusion

For the first time in new region of Bulgaria essential oil from Rosa damasena Mill. was
obtained. The GC-MS chromatograph profile revealed a significant presence of f-
citronellol (30.24-31.15%); trans-geraniol (20.62—21.24%), n-heneicosane (8.79-9.05%),
n-nonadecane (8.51-8.77%), nonadecene (4.42—4.55%) and phenylethyl alcohol (4.04—
4.16%).

Bulgaria has the necessary favourable natural conditions, a long production tradition,
highly educated professionals and the goodwill to preserve and further develop its essential
oils industry. This sector is a one of the priority areas for development in the Bulgarian
government economic program.

The industry is export oriented and the Bulgarian companies are making continuous
efforts to introduce the best European practice in essential oils production by adoption of
EU Directives on manufacturing, quality control, safety and market performance in the
branch. Bulgaria today imports large quantities of perfumery and cosmetic products from
the well-known international brand name companies.
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Introduction. This article primarily focuses on published
information addressing how milk fat affects the structure of dairy
products, published within the last 15 years. Texture is an important
parameter in determining the consumer's acceptance of dairy foods
as well as the sensory manifestation of product’s structure.
Therefore, establishment and maintenance of optimal structure are
critical to high quality of product.

Material and methods. The structure formation of dairy
products is an investigation object of this review article.
Scientific articles as well as theses and monographs of dairy
science have been analysed. Subjects of this research are
properties of milk fat and wide variety of processes applied to
the milk; the influence of milk fat on the structure of different
dairy products.

Results and discussion. Milk fat occurs naturally in milk and
cream, forming an oil-in-water emulsion. In the emulsion, milk fat is
contained within milk fat globules, surrounded by the milk fat globule
membrane. From a practical viewpoint, milk lipids are very important
as they confer distinctive physical, chemical, textural and organoleptic
properties on dairy products, such as cream, butter, ice cream,
whipping cream and cheese.

Milk fat-based products, such as butter, are water-in-oil
emulsions consisting of crystallized fat in a continuous phase, in
which water droplets, milk fat globules, and partially damaged fat
globules are dispersed. A microstructure dominated by numerous
small crystals is shown to increase the hardness by up to 20%
compared to a microstructure with few, but large crystals, a
difference that from consumer perspective, would be noticed by
different mouthfeel, brittleness, and spreadability.

Milk fat is essential for the formation of stable whipped cream
and ice cream, which depend on the interaction between fat
globules, air bubbles and plasma components (esp. proteins).
During whipping and cooling fat globules partially coalesce in
chains and clusters, and adsorb to and spread around the air
bubbles. As the result, air bubbles are stabilized. Furthermore, fat
is special importance for a solid ice cream structure to be formed
during freezing and therefore for consistency, appearance, and
melting resistance.

The presence of milk fat in cheese is necessary to develop the
characteristic flavour and mouthfeel. Moreover, fat globules have
an impact on texture by partially disrupting the casein fibrous
matrix to soften the texture.

Conclusion. Milk fat is valued for its pleasant flavour but its
properties often need to be modified to make it more suitable for
food applications, which in turn can have a marked effect on the
structure formation of dairy products, such as butter, whipping
cream, ice cream and cheese.
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Introduction

The presence of fat globules in milk was first reported by Van Leeuwenhoek in 1674,
after microscopic analysis of milk placed in a fine capillary tube. Since then, the physical
and colloidal properties of milk fat globules and their size distribution have been the subject
of considerable study.

Bovine milk typically contains >10'" fat globules per mL. Milk fat is present
predominantly in spherical droplets ranging from about 0.2 to 15.0 um in diameter, with the
bulk of the fat being in globules 1.0 to 8.0 um diameter [1]. The fat globules in milk are
stabilized by an adsorbed layer of protein and phospholipid called the ‘milk fat globule
membrane’ (MFGM), which is distinct from the aqueous phase protein. The MFGM, acting
as an emulsifier, stabilizes the fat globules in the emulsion by lowering the surface tension
[2, 3, 4]. In addition, it protects the fat from chemical reactions such as hydrolysis and
oxidation [5]. The average composition of the MFGM has been estimated to be about 48%
protein, 33% phospholipid, and 11% water, with the remainder made up of other minor
lipid components [6, 7]. The phospholipid fraction of the membrane is composed of
lecithin, phosphatidyl ethanolamine, phosphatidyl serine, phosphatidyl inositide,
plasmalogens and sphingomyelin. Phospholipids are important food emulsifiers in their
own right [8, 9]. Milk fat, on the other hand, contains a wide range of triglycerides, with a
broad thermal range of melting points ranging from —50 to 80 °C.

Material and methods

The structure formation of dairy products is an investigation object of this review
article. Scientific articles as well as theses and monographs of dairy science have been
analysed. Subjects of this research are properties of milk fat and wide variety of processes
applied to the milk; the influence of milk fat on the structure of different dairy products.

Methodology of the investigation is based upon the use of the methods of analysis,
comparison and synthesis.

Results and discussion

Whole milk or cream can be regarded as an emulsion of milk fat globules in milk
plasma. The physico-chemical properties of the milk fat globules affect many properties of
dairy products. The physico-chemical properties of the milk fat globules can be influenced
through a wide variety of processes. These processes can be efficiently used to give
products desired characteristics (e.g., in terms of storage stability or rheological properties)
[10, 11, 12].

The shelf-life of many dairy emulsions depends on rheological characteristics of the
emulsion’s phases. For example, the rate of creaming of milk depends on the viscosity of milk
plasma [13]. The content of lactose or the whey proteins in milk influence the viscosity of milk
only little; fat content has a major influence, although by far the greatest influence is that of the
casein content [8, 14]. If fat globules are present as separate particles, the fat content is less 40%
and the milk fat completely molten, milk and cream behave as Newtonian fluids at intermediate
and high shear rates. At a temperature below 40 °C, milk does not behave as a Newtonion fluid.
The deviation from Newtonian flow becomes larger as the temperature decreases. Viscosity of
milk decreases with increasing shear rate at a temperature below 40 °C, which may be due to
disruption of clusters of milk fat globules, which were formed as a result of cold agglutination.
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Heating. When fat globules are heated in the absence of whey proteins, high molecular
weight complexes form between butyrophilin and Xanthine oxidoreductase in less than 10 min
at a temperature as low as 60  [7]. In the presence of whey proteins, large amounts of p-
lactoglobulin and a-lactalbumin associate with the MFGM [15]. Direct evidence of heat-induced
covalent disulfide interactions between whey proteins and MFGM proteins can be obtained by
electrophoresis and isoelectric focusing of the heated MFGM [7, 16, 17]. The heat-induced
formation of protein complexes on the surface of the MFGM may include denaturation of the
individual proteins with the formation of aggregates containing MFGM proteins alone or
MFGM proteins with whey proteins.

Mechanical treatments such as agitation, pumping and high shear can cause changes
in the composition of the MFGM, as well as changes in the size of the fat globules.
Homogenization is often employed to reduce the size of the fat globules, improve stability
and delay creaming [18, 19]. During homogenization, the interfacial area increases
significantly. Rearrangement of the original MFGM material occurs and considerably more
protein is necessary to cover the newly formed interface. For this reason, casein micelles
are adsorbed on the milk fat globules. This effect explains the observation that the fat
globules in homogenized milk have a much higher protein load than untreated fat globules.
Homogenization and heating are unit operations that are usually combined during milk
processing [8, 10, 20, 21].

The formation of complexes between skim milk-derived proteins and MFGM proteins
is of significance in milk processing [22]. When raw cream is homogenized without being
subjected immediately to high-temperature pasteurization, indigenous milk lipoprotein
lipase penetrates the secondary membrane of fat globules (which has higher interfacial
tension than native membrane) and hydrolyzes triglycerides to free fatty acids within a few
minutes, resulting in intense rancidity [19, 20].

Fat Destabilization. While homogenization is the principal method for achieving
stabilization of the fat emulsion in milk, fat destabilization is necessary for structure formation in
butter, whipping cream and ice cream [10, 13]. Fat destabilization refers to the process of
clustering and clumping (partial coalescence) of the fat globules, which leads to the
development of a continuous internal fat network or matrix structure in the product. Fat
destabilization (sometimes "fat agglomeration") is a general term that describes the summation
of several different phenomena [8, 13, 23]. These include [9]:

Coalescence: an irreversible increase in the size of fat globules and a loss of identity of
the coalescing globules;

Flocculation: a reversible (with minor energy input) agglomeration/clustering of fat
globules with no loss of identity of the globules. The fat globules that flocculate, they can
be easily redispersed if they are held together by weak forces, or they might be harder to
redisperse to they share part of their interfacial layers;

Partial coalescence: an irreversible agglomeration/clustering of fat globules, held together by
a combination of fat crystals and liquid fat, and a retention of identity of individual globules aslong
as the crystal structure is maintained (i.e., temperature dependent, once the crystals melt, the cluster
coalesces). They usually come together in a shear field, as in whipping, and it is envisioned that the
crystals at the surface of the droplets are responsible for causing colliding globules to stick
together, while the liquid fat partially flows between they and acts as the "cement". Partial
coalescence dominates structure formation in whipped, aerated dairy emulsions, crystals within the
emulsion droplets are responsible for its occurrence.

The crystallization behavior of milk fat is extremely important to the processing and
texture of dairy foods. For example, the crystal network structure of butter depends on its
composition and the crystallization behavior of the milk fat present. In turn, these properties
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determine the end use applications, spreadability, mouthfeel, appearance and even the taste
of butter [10].

Milk fat is composed of literally hundreds of unique and varied triacylglycerol (TAG)
species. This results in milk fat having complicated crystallization, melting, and rheological
behaviour [24, 25, 26].

Crystallization refers to the change from a liquid to a solid state and is an exothermic process.
It involves nucleation, crystal growth and crystal rearrangements. When a fat is cooled to a
temperature below its melting point, the molecules are "supercooled". Supercooling is equivalent
to supersaturation and is the thermodynamic driving force for crystallization to occur. In this non-
equilibrium state, molecules begin to aggregate into tiny clusters (i.e., embryos), which
continuously form and dissolve until some critical size is reached. At this point, the cluster is
referred to as a nucleus [9, 27].

The fat crystal network is held together by crystal—crystal interactions, characterized by
strong irreversible (primary) bonds and weak reversible van der Waals (secondary) bonds
[8, 23]. The irreversible are formed upon crystal growth, as the crystals get mechanically
interlinked. Fat crystal networks develop from initial nucleation sites, which grow into
crystals as more TAGs crystallize (there may be further nucleation during growth) [25].
Growing crystals become primary particles, or microstructural elements (collection of
primary crystallites or single crystals), of approximately uniform size (< 5 pm). These
microstructural elements then aggregate into clusters, or microstructures (>100um). They
constitute the largest structural building block of the fat crystal network. The liquid phase
(oil) of the network is interspersed between the microstructural elements and microstructure
[10, 28].

The properties of the fat crystal network depend on the interactions between the
crystals. Crystal size, shape, and polymorphic structure, as determined by processing
conditions and chemical composition, affect the crystal-crystal interactions. [24, 25, 29,
30].

So, milk fat can be affected greatly by various processes (e.g., heat treatment, cooling
or homogenization), which has significant influence on its application in a manufacturing of
different dairy products.

Butter is water-in-oil emulsions consisting of crystallized fat in a continuous phase, in
which water droplets (2.3—10.6 um) [31, 32], milk fat globules (2.5 pm) [33], and partially
damaged fat globules are dispersed. It contains 80% of fat, which is partly crystallized.
Figure 1 shows a schematic representation of the physical changes involved.

&-G-O-C-C

Milk Cream Small grains Large grains Butter

Figure 1. Stages in the formation of butter: grey represents the aqueous phase; white represents
fat (1 — separation, 2 — churning, 3 — churning and draining, 4 — working) [34]

In most cases, the churning is achieved by beating in of air. Rapid beating in of air in
milk or cream causes a new airwater interface to be continually formed, and fat spread over
the interface [8,10]. If the fat is fully liquid, the subsequent breaking up of air bubbles
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covered with fat causes disruption of the fat. If the globules also contain solid fat, they
become attached to the air bubbles. As the air surface area diminishes (because air bubbles
coalesce), the attached fat globules are driven nearer to each other. The liquid fat spread
over the air bubble surface, readily causes the globules to form granules [34] (Figure 2).
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Figure 2. Schematic representation of the interactions between fat globules
and air bubbles during churning

Further aggregation of granules yields butter grains, in which a phase inversion has
apparently taken place. However, the grains still contain fat globules and moisture droplets.
Concentrating and then working the grains removes excessive moisture and reduces the
moisture droplets in size. In this way, butter is obtained. Figure 3 illustrate the
microstructure of butter.

vV
Fat globules

Figure 3. Schematic presentation of butter microstructure at room temperature: liquid fat is white;
membrane thickness is greatly (about ten times) exaggerated [34]
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Several factors affect both the rate and the efficiency of the churning process. The type
and filling level of the churn, as well as the turning speed of the churn, naturally influence
the churning process [10, 20].

The proportion of solid fat is crucial. If the fat is fully liquid, a kind of homogenizing rather than
churning occurs. Also, if the globules contain very little solid fat, then the cream does not churn. The
clumps formed are soon pulled to pieces. But for the rest, the higher the proportion of solid fat, the
slower the chuming and the lower the fat content in the buttermilk. If the fat globules contain
relatively little liquid fat, they can still be attached to the air bubbles, and the first stages of the
churning, in which flotation predominates, do occur. The temperature therefore has a considerable
effect on the churning, If the precooling is not sufficiently deep, undercooled (that is, liquid) fat
globules will still be present, and the fat content of the buttermilk will substantially increase.

A partial phase inversion does occur during the churning; a continuous fat phase has
developed in the butter granules (Figure 1). Nevertheless, in the whole mass of butter
grains, the aqueous phase is still continuous. The working accomplishes a further phase
inversion. In this stage, excessive moisture is squeezed out and the remaining moisture
droplets are disrupted into smaller ones. This does not concern the very small moisture
droplets that are left between individual clumped fat globules; these are too small (on
average about 2 um) to be disrupted by the working.

Increasing the working speed causes the droplets to become smaller, the butter
becomes ‘dry’. Likewise, moisture can be incorporated into the butter. During working at a
very slow speed, larger droplets emerge again, especially at low temperature; the butter
becomes ‘wet’ i.e., visible droplets appear. In that way, excessive moisture can be worked
out of the butter. The butter can also readily become ‘wet’ during repackaging in retail
packages.

A striking and important difference with, for example, margarine is the presence of several
intact fat globules. Their number depends on the method of manufacture, and it decreases strongly
with intensive working. Note that most crystals in the fat globules are tangentially arranged. The
continuous phase is liquid fat. Sometimes a continuous aqueous phase persists, especially in
insufficiently worked butter. This aqueous phase partly passes through the surface layers of the fat
globules. The fact that displacement of water through butter can occur generally has another cause:
approximately 0.2% (v/v) water can dissolve in liquid fat, which implies that water can diffuse
through the continuous oil phase. The ratio between liquid and solid fat is of utmost importance for
the rheological properties of butter and spreads. Without solid fat, a milk fat-based product is fully
liquid. Without liquid fat, it would appear hard and brittle [35, 36, 37].

The rheological properties of fat-based products are influenced by the fat crystal
structure, solidification, and transformation behaviour [38]. The fat crystals consist of
triglyceride molecules, forming nanoscale structured elements (150- to 350-nm long and
10- to 60-nm thick) assembled into network of fat crystals (20 to 100 um) [39]. A
microstructure dominated by numerous small crystals is shown to increase the hardness by
up to 20% compared to a microstructure with few, but large crystals, a difference that from
consumer perspective, would be noticed by different mouthfeel, brittleness, and
spreadability [40]. For milk fat, the broad range of triglycerides results in different
polymorphic forms due to varying chain length and degree of saturation. The term
polymorphism describes the type of lateral packing of the aliphatic triglyceride chains [38].
The lateral packing is influenced by factors such as cooling rate, agitation temperature, and
the mechanical treatment [11, 14, 18,41].

A significant part of the crystalline fat may be inside the fat globules because during
churning liquid fat is extruded from the globules, mainly by spreading over the air bubbles.
However, there are also crystals outside the globules, and these aggregate to a continuous
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network and may grow together to form a solid structure, which is mainly responsible for
the firmness of butter. The crystals inside the globules do not participate in this network
and, therefore, they hardly make the butter firmer.

The crystals outside the fat globules thus make up a continuous network, in which part
of the water droplets and damaged fat globules may participate. This network retains the
liquid fat as a sponge. When the temperature increases, many crystals melt and the network
becomes less dense and coarser.

The structural stability and rheological behavior of butter and milk fat-based products is
primarily determined by stabilization by the fat crystal network [42—44]. The fat crystal
network is strengthened by formation of more and stronger crystal—crystal interactions due to
mechanically interlinked fat crystals as occurring during crystal growth. Initially, the crystals
are kept together by van der Waals forces, but they soon become much more strongly bonded
to each other due to sintering. Part of the fat is in fat globules, and crystals in these globules
do not participate in the fat crystal network. If this is a substantial portion of the solid fat, the
firmness of the butter will be decreased. Very intensive or prolonged working can reduce the
quantity of globular fat.

Microstructural changes of fat crystals during storage are, however, the biggest
challenge to maintain the initially induced rheological differences in milk fat-based
products. During subsequent storage, the continuously super-cooled fat will eventually
crystallize and thereby strengthen the fat crystal network independently of processing
conditions [45].

Whipping cream ranks among premium food products and is consumed for its pure
flavor. The whipping of pasteurized cream containing more than 30% fat is possible only
after adequate cooling since the transformation of the original o/w emulsion into a stable
foam requires that part of the fat is solid. The initial stage of whipping involves
stabilization of the trapped air bubbles by a temporary interfacial film of soluble whey
proteins and B-casein. On mechanical treatment, fat globules increasingly loose at least
segments of their natural membrane, thereby exposing strongly hydrophobic surface arecas
of pure fat. Subsequently, these partly destabilized fat globules adsorb at the air/serum
interface of the air bubbles (figure 4). The leakage of liquid fat from mechanically stressed
and deformed fat globules supports globule agglomeration and partial coalescence. These
agglomerates also interact with the air bubbles and may form bridges between them [9, 13,
20].
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Figure 4. Schematic representation of the air bubble stabilization in whipping cream

As the fat partially coalesces, it causes one fat-stabilized air bubble to be linked to the
next, and so on. The whipped cream soon starts to become stiff and dry appearing and takes
on a smooth texture. This results from the formation of this partially coalesced fat structure
stabilizing the air bubbles. The water, lactose and proteins are trapped in the spaces around
the fat-stabilized air bubbles. The crystalline fat content is essential (hence, whipping of
cream is very temperature dependent) so that the fat globules partially coalesce into a 3-
dimensional structure rather than fully coalesce into larger and larger globules that are not
capable of structure-building. This is caused by the crystals within the globules that cause
them to stick together into chains and clusters, but still retain the individual identity of the
globules [10, 34].

In homogenized cream, partial coalescence is too slow, because the fat globules are too
small and their proteinaceous surface layers provide good stability. However, homogenization at
low pressure (1 to 4 MPa), gives rise to small homogenization clusters and such a cream can be
whipped [8, 13]. Another measure to enhance whippability is the addition of a suitable small-
molecule surfactant (usually called emulsifier) that displaces (part of) the protein from the
globule surface. This enhances the susceptibility of the globules to partial coalescence and
markedly affects whipping properties.

The structure of whipped cream is very similar to the fat and air structure that exists in
ice cream.

The fat component of frozen dairy dessert mixes increases the richness of flavor, is a
good carrier and synergist for added flavor compounds, produces a characteristic smooth
texture by lubricating the palate, helps to give structure through the process of partial
coalescence and foam stabilization and aids in producing desirable melting properties [46].
The fat content is an indicator of the perceived quality and/or value of ice cream. A high fat
content leads to a dry, almost grainy texture, a low fat content to a smooth, homogeneous,
somewhat slimy texture [47, 48].

To describe the role of fat in the structure thoroughly, it is necessary to begin with the
formation of the emulsion at the time of homogenization and the role of the ingredients
present at the time of homogenization, with particular reference to the fat, proteins and
emulsifiers [49]. The milk fat exists in tiny globules that have been formed by the
homogenization. The creation of a large population of small, discrete droplets is a
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prerequisite for the development of structure during dynamic freezing, utilizing these
droplets. Thus, homogenization conditions can have a large impact on ice cream structure
[50-53]. There are many proteins that act as emulsifiers and give the fat emulsion its
needed stability. The emulsifiers are added to ice cream to actually reduce the stability of
this fat emulsion by replacing proteins on the fat surface [54, 55] (figure 5), leading to a
thinner membrane more prone to coalescence during whipping [13, 56].

Without emulsifier
Casein subunits
Casein micelle

Whey proteins

Fat globule _==
-=*With emulsifier
Emulsifier

Casein subunits

>
OCasem micelle
%'\vvh ] i

€y proteins

-2

FigureS. Schematic representation of the interactions between fat globules
and emulsifier in ice cream

Fat crystallization occurs during ageing, creating a highly intricate structure of
needle-like crystals within the globule. A partially crystalline fat droplet is necessary for
optimal fat structure formation to occur during freezing [57, 58]. When the mix is subjected
to the whipping action of the freezer, the fat emulsion begins to partially break down and
the fat globules begin to flocculate or destabilize. The air bubbles which are being
incorporated into the mix are stabilized by this partially coalesced fat [59]. If emulsifiers
were not added, the fat globules would have so much ability to resist this coalescing, due to
the proteins being adsorbed to the fat globule, that the air bubbles would not be properly
stabilized and the ice cream would not have the same smooth texture (due to this fat
structure) that it has.

The clumped fat globules, together with the air cells to which they are attached, form a
continuous network throughout the liquid (Figure 6). The clusters of fat globules formed during the
process of partial coalescence are responsible for adsorbing to, and stabilizing, the air cells [56, 60]
and creating a semi-continuous network or matrix of fat throughout the product that crosses the
lamellae between the air cells [50, 61]. Hence, a liner distribution of air bubbles, resulting in
thinner lamellae, also helps to produce optimal shape retention during extrusion and melting [62].
Optimal formation of fat structure and air bubble size may also help to slow down ice
recrystallization [60].
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Figure 6. Schematic presentation of the microstructure of ice cream [34]

The network of clumped fat globules is formed during freezing. Although the air bubbles
become almost completely covered with fat globules, flotation churning presumably does not
occur, because too little liquid fat is available to spread over the air bubbles. In all likelihood,
clumping is predominantly caused by mechanical forces, i.e., the fat globules are pushed
together during beating because of the presence of ice crystals and are damaged by them. The
lower temperature occurs more ice and faster clumping.

If unhomogenized cream would be taken, all the fat globules together would just
suffice to cover air cells. But natural milk fat globules clump rapidly, and the aggregates
formed are not nearly sufficient to fully ‘encapsulate’ such air cells. This implies that the
cells would be unstable during and after freezing and large air bubbles develop, causing a
coarse texture. The fat globules become much smaller in size by homogenization of the
cream, and then they can cover a much larger air cell surface even after clumping [51,52].
The homogenized fat globules will, however, hardly clump, so the desired network of
clumped fat globules does not form. However, these globules increasingly tend to clump if
a suitable, small-molecule surfactant (emulsifier) is added. This is due to the emulsifier
displacing part of the protein from the surface layers, which decreases the stability of the fat
globules to partial coalescence; the globules also become more readily attached to the air
bubbles [60].

Fat is a major component in most cheese types. The presence of fat in cheese is
necessary, in most cases, to develop the characteristic flavour profile and mouth-feel. Fat
globules also have an impact on texture by partially disrupting the casein fibrous matrix to
soften the texture [63]. The level of fat influences several aspects of cheese, including
composition, biochemistry, microstructure, yield, rheological and textural properties [64,
65]. Moreover, for a given fat content, the type of fat (melting point) and the state of the fat
(non-globular, free fat, homogenized, globule size distribution, solid-to-liquid ratio) has a
major impact on the rheology, flavor and cooking properties of cheese [66, 67].

There is some debate about whether fat globules participate directly in cheese
microstructure by binding to the casein matrix, or act as inert filler material by partially
disrupting the casein matrix. Undoubtedly, both mechanisms occur to some extent, as large
fat globules are more likely to disrupt the matrix compared to the smaller globules occluded
within the protein void spaces. Large fat globules are more likely to be distorted, and
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perhaps exist as free fat trapped within the protein void spaces compared to small fat
globules [68, 69].

Cheese is essentially a concentrated protein gel, which occludes fat, moisture, and other
materials. The gelation of milk is characterized by aggregation of the rennet-altered casein
micelles into interconnected clusters and forming a network in which fat globules are
interspersed as loose inclusions [70]. As the protein matrix contracts and adjoining curd
particles mat through their fat-depleted surface layers, these fat-depleted areas become part
of the internal structure of the cheese. The enmeshed fat globules occupy the spaces
between the protein strands and may be considered to impede physically the aggregation of
the para-casein matrix, to a degree dependent on their volume fraction and size distribution
[63]. Consequently, a higher fat level leads to slower syneresis during manufacture [71],
and an increase in the level of MNFS in the cheese. The increase in MNFS has a major
impact on cheese yield and quality.

Some clumping and/or coalescence of fat globules generally occur in most cheese
varieties [10]. In contrast to Cheddar and Mozzarella, relatively little clumping and
coalescence of fat globules is evident in other cheese types such as Cheshire, Gouda or
Meshanger cheese. The relatively high degree of fat globule coalescence in Cheddar and
Mozzarella is probably due to the relatively large displacement of neighboring layers of
protein matrix, between which fat globules and fat globule clusters are sandwiched during
the cheddaring and/or kneading/ stretching stages of manufacture. Such displacement can
be expected to "stretch" the fat globules and, consequently, shear and disrupt their
membranes [20, 71].

At the temperatures used in the manufacture of cheese (~30-55 °C) much, or all, of milk fat
is liquid and can therefore flow and aggregate, leading to coalescence on the application of
stress. A significant portion of the fat (~20-30% total) may be liquid at the ripening
temperatures (~4—7 °C), and will aggregate, leading to coalescence [8, 72].

Compared to natural cheese, there is less clumping or coalescence of fat globules in
Pasteurized Processed Cheese Products and Analogue Cheese Products. Consequently, the
mean fat globule size tends to be generally smaller, although it varies depending on the type
and level of emulsifying salt, types and levels of milk protein added, processing time.
Generally, for most emulsifying salts, the fat globule size decreases as the processing time
at a high temperature increases [72—75].

Increasing the fat content results in a reduction in the volume fraction and continuity of the
casein matrix, which becomes more interrupted by fat globules [20]. Concomitantly, the fat
globules become more numerous and varied in size and shape, and the degree of clumping and
coalescence of the fat globules increase. The increased degree of fat globule aggregation is
expected because the number of encounters of the fat globules within a given volume of the
casein matrix increases as the enveloping protein matrix contracts during manufacture and as the
curd particles undergo deformation during the various stages of cheese making [10, 62, 71].
Conversely, as the fat content of cheese is reduced there are longer stretches of uninterrupted
casein matrix and the fat globules become more uniformly dispersed and less clumping is
evident.

In Camembert cheese fat globules can both interact with the surrounding protein matrix
or serve as protein matrix breakers. Larger fat globules in Camembert cheese tend to be
more aggregated and are surrounded by thick protein strands, whereas smaller globules are
enveloped by thinner protein strands [76]. The higher total surface area of smaller fat
globules may allow greater water binding and moisture retention in the cheese. In addition,
small globules are associated with small voids in the protein matrix that more effectively
trap water, resulting in a higher-moisture cheese.
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Conclusions

Milk fat can be influenced through a wide variety of processes applied to the milk,
particularly homogenization, cooling, heating, which has significant implications for the
properties of milk fat globules. These processes are efficiently used to give products desired
characteristics and milk fat can have different effect on the structure formation of dairy
products. The structural stability and rheological behaviour of butter and milk fat-based
products is primarily determined by stabilization by the fat crystal network. Stronger
crystal—crystal interactions are very important for good quality of butter. The formation of
stable structure of whipped products, such as ice cream and whipping cream, depends on
the interaction between fat globules, air bubbles and proteins. Partly destabilized fat
globules adsorb at the air/serum interface of the air bubbles. As the fat partially coalesces, it
causes one fat-stabilized air bubble to be linked to the next, and foam structure are formed.
In cheese’s structure formation milk fat is an accessory structure element.

A more detailed understanding is needed of how the presence of milk fat globules is
related to the rheological behaviour and structure formation of dairy products. For further
studies, it would be relevant to relate the rheological differences observed as a function of
thermal and mechanical treatments, and the milk composition of different mammals to the
sensory quality of milk-based products. A detailed study addressing this statement would
provide valuable knowledge at the industrial level. However, several steps are needed to
link the existing knowledge to industrial applications of new products with a high
functional value and nutritional quality.
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Introduction. The purpose of research — to evaluate the
possibility of using the methods of computer morphometry and
bioinformatic analysis in studying of reactive changes in Fusarium
spp. causing potato dry rot.

Materials and methods. Tubers of "Nevski" potato with
Fusarium contamination signs were selected. Three areas of the
damaged tuber potatoes were studied: the epicenter of
contaminated plant tissue; peripheral area of contamination; plant
tissue outside of contamination epicenter. Morphological research
and computer morphometry of fixed preparations of
microorganisms stained by 1,0% methylene blue solution were
made under magnification x 400, x 1000.

Results and discussion. Macroconidium morphometric
characteristics of Fusarium spp. (square, perimeter, length,
number) were obtained by automatic image analyzer “Micros”.
The algorithm and the computer program based on morphometric
analysis of Fusarium spp. macroconidium cells causing potato dry
rot was created to study bioinformatic cell characteristics.

The following information characteristics of fungal cells have
been calculated: H — information entropy characterizing the real
structural diversity; Hy,,x — the storage capacity characterizing the
maximum structural time-diversity of biological system; R (%) —
information redundancy coefficient characterizing the relative
organization of biosystem.

The Fusarium macroconidium cells have demonstrated low
values of H (0,002) compared to H.x (0,5). The values of R in
Fusarium cells were 99,40% — 99,69% thus demonstrated a high
degree of orderliness and relative organization in microbial cellss.
Our research proves the maximum adaptation level of Fusarium
cells as parasites in biocenosis with plant cells. It should be
expected that in the case of the reaction of Fusarium cells on
chemical or biological preparations the value of H should increase
up to values of Hy,., and the value of R will decrease. It's may be
occured as a result of disruption structural and functional integrity
of Fusarium cell system.

Conclusions. The method of bioinformatic analysis of
Fusarium spp. cells causing potato dry rot can be recommended as
a testing system in development of new plant protecting
preparations.
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Introduction

Safety of food and agricultural products during production and turnover is a keystone
in development of food market in many countries [1].

The potato is one of the leading agricultural crops in many countries. The total volume
of its production in EU countries in 2013 amounted to about 60 million tons [2]. Despite
the fact that the potato is a high yielding culture, total number of potato tubers has
significantly reduced in some unfavourable years. The main reason of the potato harvest
decrease is the damage of the potato tubers by bacterial and fungal infections such as
Rhizoctonia, phoma rot, late blight, Fusarium and others [3].

Fusarium dry rot is a second most common plant disease after late blight. Fusarium
spp. belongs to the division Ascomycota and causes many important diseases. These fungi
may contaminate food products with mycotoxins, threatening to animal and human health,
can cause a wide spectrum of human infections, especially in immune compromised
patients (cancer) or HIV positive patients [4, 5].

The fungal genus of Fusarium spp. are wide spread in all regions of Northern
Hemisphere and other regions [6, 7, 8]. Fusarium sambucinum, Fusarium coeruleum,
Fusarium solani App.et. Wr., Fusarium avenaceum are the main potato pathogens
(Figurel).

Figurel. Tuber contaminated by Fusarium spp. causing potato dry rot.

A new molecular method of PCR is widely used in science experiments together with
traditional morphological and physiological research methods of Fusarium spp. [9, 10].

The following measures are used to prevent Fusarium plant contamination: mechanical
cleaning of tubers, disinfection of storage containers, treatment storage period, keeping the
optimum temperature, early diagnostics of tuber infection, chemical treatment of seed
material [11, 12].

Biological protection of agricultural plants is one of the alternative methods to reduce
soil damage against mineral fertilizers. Biologicals suppress the tissue pathogenic flora by
their own microorganisms or plant biologically active extracts [13].

The chemical compound of plant tissue is a good growth medium for microorganisms.
That’s why the fungi of the genus Fusarium should be considered as one of the components
of biological ecosystem.

New informative methods to characterize morphological and functional state of Fusarium
cells are required in searching of chemical and biological plant protective means [14].
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There is no data on using the bioinformatic modelling in study of morphofunctional
state of Fusarium spp.

There are several articles on the bioinformatic status of human tissues [15]. It was
demonstrated that the bioentropy reflects morphofunctional adaptive capacity of organism
and is related to changes in bioinformatic status and development of pathological processes
in tissues and organs [16, 17].

Our work was to explore the possibility of using bioinformatics and computer
morphometry in studying the reactive changes of Fusarium spp. causing potato dry rot.

Materials and methods

Tubers of "Nevski" potato grown in the Leningrad region of Russia were selected as an
object to study. The potato "Nevsky" belongs to intensive type of varieties and well
responds to fertilizer application. Investigated tubers were in storage for 3 months after the
harvest in 2015, average storage temperature was + 18 ° C, relative humidity was 75%.

Sampling from potato lot was carried out in accordance with ISO 7002:1986. Potatoes
tubers with Fusarium contamination signs were selected. The changes of tuber with dry rot
were: drying up, shrivelling and falling off the epithelial tissue.

The tuber was cut with a knife along the longitudinal axis through the stolon and
examined the tuber flesh. The flesh looked like a dry rotten black mass with voids, filled
with fluffy mycelium of the fungus — the epicenter of contaminated plant tissue.

Three areas of the damaged potato tuber were studied:

— the epicenter of contaminated potato tuber tissue;

— peripheral area of potato tuber tissue contamination;

— potato tuber tissue outside the epicenter of contamination.

The qualitative method has been used to detect the presence or absence of Fusarium sp.
in potato tissues (ISO 7218-2011). Microbiological study of tuber tissues was carried out
using “imprint method” (“contact method”) by analogy of horizontal sampling techniques
from surfaces using contact plates (ISO 18593:2006). A glass slide was applied for 5-10
seconds to the each areas of contaminated potato tissues. Samples of potatoe tissues were
stained by 1% methylene blue solution [18]. Morphological research of microorganism
fixed preparations was made on microscope "Micros" (Austria), model MS 100 (XP), under
magnification x 400 or x 1000.

Morphometric macroconidium cell characteristics of Fusarium spp. (square, perimeter,
length, number) were obtained by automatic image analyzer “Micros”. The quantification
of microorganisms was made in 10 view fields for each sample [20].

Morphologic identification of fungi of the genus Fusarium was determined by
curvature of macroconidium, the shape of the apical cells. The species identification of
Fusarium according to the morphological characteristics of their macro — and microconidia
wasn't studied.

The following information characteristics of fungal cells have been calculated:

— H-information entropy characterizing the real structural diversity.

—  Hpax — the storage capacity characterizing the maximum structural time-diversity

of biological systems.

— R (%) — information redundancy coefficient that characterizing the true biosystem

organization.

Statistical data processing was provided with program "STATGRAPHICS".
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Results and discussion

The results of recent study of morphofunctional state of yeast and bacterial producers
of biotech products by bioinformatics and morphometric analysis show the usefulness of
these methods in research of the adaptive reactions to some microorganisms [15]. The
research purpose was to determine the possibility of using bioinformatics and computer
morphometry to the fungal pathogens of valuable agricultural crops, including Fusarium
causing potato dry rot.

The results of microscopic study of potato tuber tissues contaminated by Fusarium spp.
are shown on Figure2.

g~ <

Figure 2. Conidia of the Fusarium spp. in potato tuber tissues:
a — the epicenter of contaminated potato tuber tissue;
b — peripheral area of potato tuber tissue contamination;
¢ — potato tuber tissue outside the epicenter of contamination.
Methylene blue. Magnification x 400.

The maximum concentration of the Fusarium macroconidium cells was determined in
the epicenter of contaminated potato tuber tissue (Figure 2-a). The amount of the Fusarium
macroconidium cells decreased in the peripheral area of contamination (Figure 2-b). The
Fusarium cells (only microconidium) were found in the plant tissue outside the epicenter of
contamination in a single amount (Figure2-c).
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The macroconidium of Fusarium spp. were from fusiform to lanceolate, mostly with a
visible three partitions. Cells in the central part are typically square. The apical cell is
slightly elongated, gradually and evenly tapering, and somewhat curved (Figure 3).

Figure 3. Macroconidium of Fusarium spp. causing potato dry rot.
Methylene blue. Magnification x 1000.

The results of morphometric measurements of the Fusarium macroconidium cells in
the epicenter of contaminated potato tuber tissue were: the area size was 30084,64 um?* +
0,02, the cell perimeter — 996,15 pm + 0,01, the cell length — um 416,31 pm + 0,02.

The results of morphometric measurements of the Fusarium macroconidium cells in
the peripheral area of potato tuber tissue contamination were: the area size was 25670,66
pmz + 0,03, the cell perimeter — 1010,54 um + 0,01, the cell length — 452,67 um + 0,04.

The morphometric measurments of Fusarium microconidium cells in the plant tissue
outside the epicenter of contamination weren't to carry.

The results obtained show that Fusarium cells have their individual morphometric
characteristics in two zones of contamination. The area size of Fusarium cells in the
epicenter of contaminated potato tuber tissue was 1,7 times larger then in the peripheral
area of potato tuber tissue contamination.

Integral criteria of the morphofunctional state of Fusarium cells causing potato dry rot
were obtained by using the basic concepts of thermodynamics and informatics: entropy H
as a function of system state, the information redundancy [15].

The algorithm and the computer program based on morphometric analysis of Fusarium
spp. were created to calculate cell characteristics such as information entropy (H) and
storage capacity (H.x). Due to values of H and H,,.,,, we've calculated the values of the
information redundancy coefficient (R,%) that characterizes a measure of the biological
system reliability, i.e. its ability to resist external and internal effect factors.

The data of H, Hy.x and R for Fusarium cells causing potato dry rot are presented in
Table 1.
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Table 1
Informational characteristics of Fusarium cells causing potato dry rot
Value of
Value of Value of information
Area of potato . .
Num tuber tissue information storage redundancy
entropy (H) capacity (Hpay)- coefficient
(R,%)

The epicenter of
1 contaminated potato 0,002 0,5 99,69
tuber tissue

The peripheral area
of potato tuber

2 . 0,002 0,5 99.4
tissue
contamination
The potato tuber
3 tissue outside the i i i

epicenter of
contamination

These data demonstrate that microscopic fungi cells have some differences in
information characteristics of two areas of contaminated plant tissues.

The destruction of potato tuber tissue was maximally expressed in the epicenter of
contamination. The redundancy coefficient R of Fusarium cells in this zone was 99,69%.
The redundancy coefficient R of Fusarium cells in peripheral area of potato tuber tissue
contamination was slightly reduced to 99,4%.

The values of information entropy (H) of the microorganisms cells were 0,002, the
storage capacity (H,.) 0,5 in both areas of plant tissue contamination.

Previously we've obtained informative characteristics for yeast and bacteria cells —
producers of biotechnological foodstuff [19]. The information redundancy coefficient R
was calculated for each type of microorganism.

For different yeast strains the values of redundancy coefficient R (%) were:

Saccharomyces cerevisiae — 82,02; Mycoderma vini — 68,84; Rhodotorula gracilis —
81,12. For different bacterial species the values of redundancy coefficient R (%) were:
Escherichia coli — 88,46; Baccilus subtilis — 65,94; Micrococcus sulfaticus — 49,29;
Pseudomonas fluorescens — 38,83.

Comparative analysis of information characteristics of the researched microorganisms
(Fusarium, yeast, bacteria) showed that the values of the redundancy

coefficient R in the Fusarium cells causing potato dry rot were higher in 1.3 times than
that of yeast cells. The values of the redundancy coefficient R in the Fusarium cells causing
potato dry rot were higher in 1.6 times than that of bacterial cells.

These data should be explained by some facts. The yeast strains and bacterial species
were grown in a nutrient culture media  prepared to ISO 11133-1-2011. The
microorganisms were in resting state in culture media. The Fusarium cells have
demonstrated low values of information entropy H (0,002) compared to information
capacity Hp.x (0,5). The redundancy coefficient R in Fusarium cells had high values
(99,40% to 99,69%) thus demonstrated a high degree of orderliness and relative
organization in microbial cells contaminating potato tubers.
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It is known that phytopathogenic fungi of the genus Fusarium contaminating potato
tubers are parasites. The fungi cells penetrate plant tissue and multiply in it by activating
their metabolism [21]. Our research proves the maximum adaptation level of Fusarium
cells in biocenosis with plant cells during microbial contamination of potato tubers.

It is important to study the Fusarium cell information characteristics in case of
development and introduction new chemical and biological plant protecting preparations. It
should be expected that in the case of the reaction of Fusarium cells on chemical or
biological preparations the value of information entropy H should increase up to values of
information capacity H., and the value of the redundancy coefficient R will decrease.
This may be accured as a result of disruption structural and functional integrity of Fusarium
cell system and will indicate the efficiency of new preparations .

Conclusions

The algorithm and the computer program based on morphometric analysis of
Fusarium spp. macroconidium cells causing potato dry rot was created to study
bioinformatic cell characteristics.

The values of bioinformatic cell characteristics such as the information entropy (H), the
storage capacity (Hy,) and the information redundancy coefficient (R) were obtained to
Fusarium spp. macroconidium cells causing potato dry rot.

The method of the bioinformatic modelling is demonstrated to help in study of adaptive
reactions of Fusarium spp. causing potato dry rot and can be recommended as a testing
system in development of new plant protecting preparations.

The method of the bioinformatic modelling can be recommended for the diagnostics of
Fusarium infections in medicine.

The authors disclose that they have no conflict of interests.
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Introduction: The present investigation is to evaluate
ethanol production from coffee pulp and mucilage as coffee
by-products, which was used as substrate.

Material and methods: Wort extracted from pulp and
mucilage was fermented; molasses sugar was used to
optimize in terms of concentration and increase reducing
sugars for fermentation process; acid hydrolysis was
performed to breakdown complex polysaccharides from
pulp and mucilage into simple monomers. Dry yeasts used
as Saccharomyces cerevisiae were rehydrated and
supplemented by nutrients rich in nitrogen, magnesium and
carbon before being pitching in the wort; appropriate
materials for hermetic process of fermentation were used
and regular controlled.

Results and discussion: The variation of reducing
sugars in a substance shows the evolution of fermentation
process. During this fermentation process, it has been
realized that the sugar content has decreased, by comparing
with the initial level and final, before and after
fermentation, is directly related to the fermentation
efficiency. The end of process was realised when the
density has decreased below 6%. The obtain results after
fermentation, was also continued by conducting distillation;
the 6.51 as amount of wort produced 2.31 of ethanol with
45% absolutely volume, equivalent to 35.5% of wort
volume. Since pH of wort was optimised to 4-5 for
fermentation, the results show that ethanol production can
be produced and viable using coffee pulp and mucilage as
by-products and reduce the contamination of them to the
environment. For this case study, by optimizing alcohol
concentration, the pH, and temperature have been kept
constant for all samples.

Conclusion: Processing of the coffee mucilage and pulp
as by-products to ethanol can increase raw material
resources suitable for ethanol production for various
purposes in Rwanda and this confirm that ethanol
production from mucilage and pulp of coffee is possible as
results show the potential to use them instead of considering
them as waste.
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Introduction

Rwandan coffee has a balanced flavour, aroma and fruity taste which make it among
the top rated coffee in USA, European and the Asian coffee markets. The main by-products
from coffee processing are waste water, mucilage and pulp.

The by-products are rich in carbohydrates thus useful for various purposes including
the potential for ethanol production. Types of coffee processing produce slightly different
by-products.

Wet processing produces different by-products compared to dry method. In wet
processing the coffee fruit is pressed in water through a screen which leaves a part of the
pulp, the mucilage and the parchment still attached to the seeds (Belitz, et al. 2009).

The composition of Coffee pulp is ether extract: (0.48%); crude fibre: (21.4%); crude
protein: (7.8%); Pectic substances: (6.5%); non-reducing sugar: (2.0%); reducing sugar:
(12.4%); chlogenic acid: (2.6%); caffeine: (2.3%) and total caffeic acid: (1.6%) (Gathuon,
et al., 1991).

The coffee mucilage fraction remains adhered to the coffee bean in the wet processing
which allows separation and concentration of the fraction. The composition of the mucilage
is: water: 84.2%; protein: 8.9%; glucose (reducing): 2.5%; sucrose (nonproducing): 1.6%;
pectin: 1.0% and ash: 0.7% (Clifford, Wilson, 1985).

This research studied ethanol production from a mixture of coffee by-products
particularly pulp and mucilage of coffee. The Fermentation and distillation processes of the
raw materials and evaluation of the main process variables of coffee processing as by-
products was conducted. Ethanol production as one of the applications of these wastes, as
they contain carbohydrates which can be used for fermentation. The objective of the
research:

— Minimize negative effects of coffee pulp and mucilage to the environment;
— Value addition to the coffee pulp and mucilage;
— Increase raw material resources suitable for ethanol production.

Materials and methods

Source of samples

The coffee by-products used in the study were of coffee Arabica variety from coffee
station in the eastern province of Rwanda specifically 35 kgof pulp and mucilage from one
of the coffee washing stations in Rwamagana were used.

Samples preparation

Samples were prepared from pulp and mucilage based on different sugar contents.
After the extraction of pulp and mucilage, samples of mixtures of all by-products were
prepared, for each by-product different weight and Bx were used: 11 kg (sample A) with 10
degree Bx; 8 kg(sample B) with 20 degree Bx and 2 samples of 6.5 kg with 15 degree Bx
(C and D). The other raw materials used were coffee water, water and molasses.

Wort preparation

The pulp with mucilage adhering on it, was passed through a mesh then through a
manual extractor for juice extraction, care was taken not to cause physical damage to the
structure. The juice obtained was collected in a well cleaned bucket in the laboratory. The
juice was mixed with 10 kg of coffee waste water for wort preparation.
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All samples were sterilized by heating at 95 °C for 900 seconds. Acid hydrolysis and
regulation of fermentable sugars were simultaneously done to each sample. Yeasts were
also prepared for each sample pulp by considering sample size obtained in extraction. It
was necessary also to increase fermentable sugars by acid hydrolysis, where the hydrolysis
of pectic substances in mucilage such as protopectin, increase the total sugar content
(Fengel, 1979; Diana et al., 2011).

Fermentation

All samples were fermented separately, wort well aerated and cooled to 20-22 °C were
subjected to fermentation. The pH of wort was optimised to 4-5 for fermentation. Yeast
solutions were also prepared for each sample and were mixed with the corresponding
samples to facilitate fermentation process. Air bubbles in the containers as well as the level
of sugar content were monitored in the process and ethanol was progressively produced.

Ethanol (alcohol) measurement after fermentation this involves the measurement of the
density of the wort before fermentation (FG). The ethanol concentration obtained was
calculated by using Cyril JJ Berry formula:

% ABV=(0G — TG)/0.736)-100

where  OG — original specific gravity;
FG — final specific gravity;
7.36 — ethanol density.

Distillation and identification

Each sample was distilled separately and ethanol concentration was determined using
an alcoholmeter, chemical reaction and combustions.

Results and discussions

Handling of raw materials

After reception of the raw materials, it was observed that their decomposition occurred
immediately after processing. The decomposition was related to changes in soluble solids,
pH, color and odor over time, is associated with factors such as the quantity and quality of
the water used in the processing of coffee, which was not of drinking quality.

Fermentation process

The process of fermentation was conducted and the obtained results are shown in the
following Figure 1.

When the fermentation is going on, sugars are converted by yeasts to ethanol. The
variation of reducing sugars in a substance shows the evolution of fermentation process.
The fermentation is finished when the density has decreased by below 6%.

Many times the fermentation stops before reaching that value, or can continue and goes
below that value. It may be due to many factors related to pH, sugar content, yeasts
preparations etc.
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Figure 1. Variation in sugar content (°Bx) over time,
during fermentation in the sample A, B, C, D.

This results in very sweet or dry wines when they are for drinking, but for this case
study, the non-well fermented wort will result in low yield of alcohol (i.e. ethanol
concentration).

From Figure 1, it easy to see that sugar content varied differently over time, in the 4
samples:

— For Sample A, the Bx level decreased considerably from 10 to 2 °Bx;
— For Sample B, the Bx level decreased by only 3 °Bx, it means from 20 to 17 °Bx;
— For Sample C, the Bx level decreased moderately from 15 to 5.5 °Bx;
— For Sample D, the Bx level decreased considerably from 15 to 2 °Bx.

The way sugar content have decreased during fermentation, by comparing the initial
level before fermentation and the final level after fermentation is directly related to the
fermentation efficiency.

For this case, for Sample D, where sugar content varied considerably from 15 to 2 °Bx,
it means that fermentation have been powerful, Although for Sample B, where sugar
content decreased by only 3 °Bx, from 20 to 17 °Bx, it means that the fermentation have
been inefficient.

When the fermentation has been inefficient, it means that sugars have not been converted
into ethanol adequately, which means that the alcohol concentration in the fermented
product should be low.

Optimization of alcohol concentration

From the following Figure 2, it is shown that the alcohol concentration varies for the 4
samples. It may due to the parameters which condition the fermentation process such as:
yeasts preparation, temperature, pH adjustments, and sugar content.

For this case study, pH, and the temperature have been kept constant for all samples,
which means that the difference between the alcohol concentrations resides in 2 factors:

=Sugar concentration
=Yeasts preparation

526 ——Ukrainian Food Journal. 2016. Volume 5. Issue 3




Food Technologies

25

20

15

10

s |
NIl NA"NE B

Sample A SampleB SampleC  Sample D

OOriginal Brix W% ABV
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Optimization of alcohol quantity yield

During fermentation, sugars are converted into alcohol, but all the sugars are not
converted completely. After the fermentation; residues of sugar not fermented, dead yeasts,
and other materials contained in wort which are not fermentable, sink in the bottom of
fermenting vessel. Minimizing the available quantity of alcohol mixture in order to use it in
the distillation process.

Table 1
Alcohol quantity produced
Sample A | Sample B | Sample C | Sample D
Initial weight of wort ( kg) 11 8 6.5 6.5
Weight of alcohol mixture ( kg) 8 - 4.5 5.5
Percentage yield 72% - 69% 85%
Apparent attenuation (%) 80% 15.7% 63% 93.7%

When sugars are not fermented sufficiently many sugar residues sink at the bottom,
which results in a loss in the alcohol recuperation. By calculating the apparent attenuation,
it was immediately anticipate the loss in alcohol recuperation as an increase in apparent
attenuation corresponds to the increase in quantity available for distillation.

Thus, in order to increase the quantity of fermented substance which is available or
usable in distillation, (which influences also the final ethanol concentration obtained after
distillation), is to make sure that is done in the way of controlling all factors (Yeasts
preparation, Optimum pH, temperature, Not high level of sugars etc... as cited above).

As it is shown on Figure3, the Sample D has produced a high quantity of alcohol, both
in the quantity and in concentration, as shown by Figure 2. On the other hand, the Sample
B, has not produced any valuable quantity for use, because its fermentation got stuck as
shown, in figure 1.
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Quantity analysis of ethanol yield production

During the distillation process all wine, beer, or fermented product content are not
evaporated, because they are not ethanol or water. Thus, there will be some liquid which
remains in distilling flask. These substances have been weighed and compared to the
weight of the ethanol produced.

45
40
35
30
25
20
15
10

Percentage of ethanol yield

0 T T
Sample A SampleC Sample D

Figure 4. Ethanol yield percentage

The figure 4 shows that the production of ethanol in samples A, C and D was good and
the best production of ethanol was high in the sample D compare to others.
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Conclusions

Further studies on this topic can be conducted for moderation since it is a complex
process and it necessitates more time and powerful equipment to explore each
opportunity by analyzing deeply all details;

The application of this project can help various institutions in Rwanda, dealing with
environment, to reduce the environment threat caused by coffee processing by-products,
and produce a valuable substance such as ethanol, which can be even used to produce
energy.
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Introduction. The aim of this research is the studying of
technological, physical-chemical and rheological properties of
the gel bases, based on hydrocolloids, for further development of
gel food products.

Materials and methods. As objects of the research we have
selected xanthan gum, guar gum and locust bean gum, also gel
bases with different concentration of these gums. Samples were
prepared, using 3 methods, to study the technological, physical-
chemical and rheological properties of gel bases. The study of
structural and mechanical properties of the samples were
performed on the rotational viscometer.

Results and the discussion. It was investigated the influence
of a gelling agent concentration, water temperature and the
duration of swelling on the viscosity of colloidal solutions and
on the limiting shift stress. Gel bases, prepared using 3 methods
with chosen hydrocolloids, belong to structured systems. The
analysis of the experimental data showed that the greatest value
of the maximum viscosity that meets virtually indestructible
system, for samples of gel bases with xanthan gum, prepared by
the method 3, is 106,3 Pa-s, with locust bean gum it is 1,97 Pa-s,
with guar gum it is 17,7 Pa-s, at a concentration of 1%.

Based on the experimental data it was also calculated the
structural and mechanical characteristics. For the xanthan and
guar gum the value tension of change is more than zero, this
indicates that the investigated samples are structured bodies like
solid. For the samples with locust bean gum the value tension of
change is zero, this indicates that the investigated samples
appear to be pseudo-plastic liquid. The most dynamic limit of
ability to flow was observed in samples with xanthan gum,
prepared by the second and the third methods, with locust bean
gum and guar gum, prepared by the first and the third methods at
a concentration of 1%.

A comparison of hydrocolloids solutions, obtained at
different ways of preparation, showed that the most appropriate
preparation of gels is the third, because under these conditions
the viscosity of solutions (at the same concentration of a gelling
agent) was higher and the structure of the gel was more
homogeneous.

Conclusions. All the experimental samples of gels are
characterized by non-Newtonian pseudo-plastic type of stream.
The most appropriate is the preparation of gels by the third
method, which consisted in swelling of hydrocolloid for 40
minutes in water of room temperature, heating to 60 °C and
cooling. The optimum concentration of gelling agents — 0.5%.
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Introduction

Structured products have become widespread, they are easily digested and by allowing
the inclusion various ingredients to them, they can extend the range of food products with
high biological value. The creation of gel products is based on the concept of the formation
of the suspension of vital substances that are ready for absorption by the organism, through
being in a microenvironment of a gel. They are ready for consumption and quick
assimilation always and anywhere [1].

It is known that in recent years it is a tendency to create products, based on natural
substances, so studying the properties of xanthan gum, locust bean gum, guar gum is an
urgent task [2]. The determining of the structural viscosity, thixotropic degree can
objectively estimate the quality of a developed gel product.

The aim of this work is the studying of technological, physical-chemical and
rheological properties of the gel bases, based on hydrocolloids, for further development of
gel food products.

Literature review

The design and the implementation of new generation food occur mainly in two ways:
the development of analogs of products, which quality criteria are the characteristics of
known by population products, and the manufacturing of products with new properties and
composition. The development of new forms of products, studying their consumer
characteristics, quality and efficiency become more and more important[1-3].

As a result of years of research, scientists have concluded that the most effective way
to deliver the necessary substances to the organism is a product in a gel form, which
facilitates the biological digestion of products.

Functional products in the form of gels deliver equally well as hydrophilic and
hydrophobic substances into the body. The number of active components is unlimited and
typically gel products are multi-component composition [2]. Thickeners play a role not only
of supporting components, but they are biologically active, having a beneficial effect on the
human body.

Food stabilizers, thickeners and gelling agents are derived from many natural sources,
including bacteria, terrestrial and marine plants and connecting tissues of animals. The
possibility and feasibility of using these ingredients are determined by the totality of their
properties, price and availability [3, 4].

The ingredients, which are used in the food industry, are received by the extraction
from various natural materials and are brought in food to get a certain structure and the
necessary stability, fluidity and consumer characteristics.

These additives include traditional materials such as starch and gelatin. The most
spread structural polymer of terrestrial plants is the cellulose and gums and products from
algae. Also in the food industry it is allowed the use of microbial polysaccharides, which
are xanthan, gellan and polluan [3-5].

Hydrocolloids have a significant effect on the properties of food and cosmetic products
with content from several mg / kg to high concentrations. Constant attention of scientists to
these substances is caused by the importance of hydrocolloids for food technologies. With
the use of modern methods of research in recent years it has been established the structure
of these polymers and the formation of mesh structures by them and mechanisms of their
interaction with other polymers. These structures exhibit many properties of ready products,
including the stability of emulsions, the lasting stability of suspensions [2, 6].
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"They are present in nearly all manufactured products of food and cosmetic industry,
but at the same time they are not well investigated" [2]. This statement clearly shows the
role of stabilizers, thickeners and gelling agents. It is impossible to enumerate all the
functions of these additives, that have an influence on the appearance, "sensation in the
mouth" and the taste of products not only because a lot of them, but also because of
constant changes, because all the time there are new data of the use of vehicles and useful
properties of these compounds.

All stabilizers, thickeners and gelling agents are united by common name
hydrocolloids, have vegetable matter, some of them are received using biotechnology, and
gelatin belongs to the products of animal origin .

One of the most important properties of hydrocolloids, that affects the texture, is their
property to gelling. For example, the addition of even small amounts of carrageenan to jelly
dairy desserts forms stable gels. Other classic gelling agents include pectin, gelatin and agar
[3,7].

One of the perspective gelling agents is gum. Gums are the natural polysaccharides;
used for a manufacturing of food products as a stabilizer, thickener, gelling agent.

Xanthan gum (E415) is a natural polysaccharide, natural food additive that is used for
food production as a stabilizer, thickener, gelling agent and means for encapsulation.
Xanthan gum is obtained by fermentation of sugar syrup by cultures of Xanthomonas
campestris. The substance is easily soluble in water, almost independent of mechanical
influences, doesn’t lose its properties in a wide range of pH and temperatures [8].

Locust bean gum (E410) is a plant polysaccharide, which is obtained by grinding the
endosperm of plants Ceratonia siligua. This polysaccharide is spread in the food industry
where it is widely used for thickening aqueous phase and prevent syneresis [9].

Guar gum (E412) is a powder white or yellowish color with a characteristic odor. It is
extracted from grinded endosperm of guar beans. In food guar gum is used as a thickener,
which has the following properties: regulates viscosity, stabilizes emulsions and provides
creamy texture of products [10].

Materials and methods

As objects of the research we have selected xanthan gum, guar gum and locust bean
gum, also gel bases with different concentration of these gums.

It was investigated three ways to study the technological conditions of preparation of
gel bases.

By the way 1: to distilled water of room temperature with constant stirring we added
hydrocolloid by parts and left for a day until the complete dissolution of a gelling agent. By
the way 2: to distilled water, heated to 60 °C, with constant stirring we added a gelling
agent by parts to the formation of a gel. By the way 3: to purified water of room
temperature we added the structure-made substance, heated to 60 °C and stirred to the
formation of a gel. As the result we obtained transparent gel bases pale-white color,
homogenous, various viscosities.

The study of structural and mechanical properties of the samples were performed on
viscometer [11, 13].
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Figure 1. Device "Rheotest — 2"

Viscosity measurements were carried out using the device "Rheotest—2", which

operates on a constant shear rate.

1. Prepare a sample of 100 cubic centimeters of the set system, mix her and maintain
20-30 minutes.

2. In the immobile external cylinder of device 1 (Figure 1) inundate 30-40 cm® of the
investigated system.

3. Putan internal cylinder 2 on an axis 3 that is connected with an electric engine.

4. An external cylinder 1 with the structured system is put on the fixed internal
cylinder 2 and lift to support.

5. Fix position of external cylinder by means of nut. The investigated system is
evenly distributed in a gap 4 between coaxial cylinders (external 1 and internal 2).
If necessary the system is maintained in a thermostat 5 at a certain temperature
(Figure 1)

6. On condition of permanent tension of change P=const to the internal cylinder
deformations (12 or 24) give certain permanent speed, here an external cylinder
stays still.

7. Register velocity of circulation of movable cylinder 2 by means of potentiometer.
Velocity of circulation of cylinder is proportional to speed of deformation of the
investigated system.

8. Tensions of change of P expect, that arises up in the system, after equalization:

P=zxqa

Z — became internal cylinder (driven to the passport of device, for example, for the

cylinder of S2 — Z=5,39 Pa); a — it is a value of scale on an indicatory device

(potentiometer).

9. The values of gradients of deformation € for every velocity of circulation (12
values) take from passport data.

10. After the values of tension of change of P and gradient of deformation £ expect
dynamic viscosity 1:

n=P/¢

n — dynamic viscosity, Pa‘s; P — is tension of change, Pa; £ — it is speed of change, s
The experimental data build complete rheological curves of viscosity n = f (P) and
fluidity ¢ =f(P) [11-13].

534 ——Ukrainian Food Journal. 2016. Volume 5. Issue 3



Food Technologies
Results and discussion

It was investigated the influence of a gelling agent concentration, water temperature
and the duration of swelling on the viscosity of colloidal solutions and on the limiting shift
stress.

It was calculated structural and mechanical properties of obtained colloidal systems.

For systems with xanthan gum, locust bean gum and guar gum with little stress we see
an avalanche destruction of the structure, characterized by a sharp decrease of system
viscosity. With further increase of the stress structure is destroyed more slowly, the
viscosity decreases.

So, gel bases prepared by 3 ways with selected hydrocolloids belong to structured
systems. Samples, prepared by the first method (Figure 1,4) for xanthan and locust bean
gum didn’t meet the required structural parameters.

The analysis of the experimental data showed that the greatest value of the maximum
viscosity 1, that meets virtually indestructible system [13—15], for samples of gel bases with
xanthan gum, prepared by the method 3, is 106,3 Pa's at a concentration of 1% (Figure3).
The lowest value of the minimum viscosity 1, corresponding to the almost destroyed
system [13—15], is characteristic to the sample with xanthan gum, prepared by method 2,
and it is 0,16 Pa's at a concentration of 0.1% (Figure 2,3). The largest anomaly of the
viscosity no-1)y, is characteristic for the systems with xanthan gum, prepared by 3 method,
and it is 105,3 Pa-s at a concentration of 1%.

Based on the experimental data it was also calculated the structural and mechanical
characteristics. For the xanthan gum the value Py;> 0, this indicates that the investigated
samples are structured bodies like solid [15—17]. The most dynamic limit of ability to flow
was observed in samples with xanthan gum, prepared by the second and the third methods
at a concentration of 1%. An indicator Py/ Py, which characterizes the strength of
structural links in the system[15—17], indicates that samples prepared by the third method
have the strongest structural links.

The analysis of the experimental data showed that the greatest value of the maximum
viscosity 1, that meets virtually indestructible system [13—15], for samples of gel bases
with locust bean gum, prepared by the method 3, is 1,97 Pa's at a concentration of 1%
(Figure6). The lowest value of the minimum viscosity 1, corresponding to the almost
destroyed system[13—15], is characteristic to the sample with the locust bean gum, prepared
by method 2, and it is 0,18 Pa-s at a concentration of 0.1% (Figure5). The largest anomaly
of the viscosity 1o-n,, is characteristic for the systems with locust bean gum, prepared by
the method 3, and it is 1,589 Pa-s at a concentration of 1%.

Based on the experimental data it was also calculated the structural and mechanical
characteristics. For the locust bean gum the value Py;=0, this indicates that the investigated
samples appear to be pseudo-plastic liquid [15—17]. The most dynamic limit of ability to
flow was observed in samples with locust bean gum, prepared by the first and the third
methods at a concentration of 1%. An indicator Py,/ Py,, which characterizes the strength of
structural links in the system [15—17], indicates that samples prepared by the third method
have the strongest structural links.

The analysis of the experimental data showed that the greatest value of the maximum
viscosity 1, that meets virtually indestructible system [13—15], for samples of gel bases
with guar gum, prepared by the method 3, is 17,7 Pa-s at a concentration of 1% (Figure9).
The lowest value of the minimum viscosity 1, corresponding to the almost destroyed
system [13—15], is characteristic to the sample with the guar gum, prepared by method 2,
and it is 0,43 Pa's at a concentration of 0,1% (Figure8). The largest anomaly of the
viscosity no-1)y, is characteristic for the systems with guar gum, prepared by the method 3,
and it is 16,96 Pa-s at a concentration of 1%.
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Figure 3. The viscosity curve of samples with xanthan gum, prepared by method 3
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Based on the experimental data it was also calculated the structural and mechanical
characteristics. For the guar gum the value Py;>0, this indicates that the investigated
samples are structured bodies like solid [15—17]. The most dynamic limit of ability to flow
was observed in samples with guar gum, prepared by the first and the third methods at a
concentration of 1%. An indicator Py;/Py,, which characterizes the strength of structural
links in the system [15—17], indicates that samples prepared by the third method have the
strongest structural links.

A comparison of hydrocolloids solutions, obtained at different ways of preparation,
showed that the most appropriate preparation of gels is the third, because under these
conditions the viscosity of solutions (at the same concentration of a gelling agent) was
higher and the structure of the gel was more homogeneous. A process for preparing the
hydrocolloid gels don’t affect the fluidity of the systems.

Conclusions

All the experimental samples of gels are characterized by non-Newtonian pseudo-
plastic type of stream. In the study of dependence of the structural viscosity on the shift
stress of samples it is found that the viscosity of xanthan gels, prepared by 3 ways,
decreased with the increasing of shift stress. This dependence characterizes xanthan gels as
structured dispersed systems.

The most appropriate is the preparation of gels by the third method, which consisted
in swelling of hydrocolloid for 40 minutes in water of room temperature, heating to 60 °C
and cooling. The viscosity of the samples, prepared by this way (with the same
concentration of a gelling agent), was higher and the structure of the gel was homogeneous.

The optimum concentration of gelling agents, which ensures the effective structure of
mudflow base, is 0,5%. These gels have greater strength of structural links and greater
range of stresses of structure destruction; also they meet the necessary organoleptic
properties: have a more uniform structure, without lumps and do not stratify over time.
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Introduction. In recent years, natural antimicrobials
have gained popularity and food producers are trying to
meet the new trends. For this purpose, plant based
antimicrobials have been used for inhibiting or controlling
the growth of microorganisms which cause food borne
diseases or food spoilage.

Materials and methods. In this study, it was aimed to
review the mechanisms of antimicrobial effects of plant
based antimicrobials which were used in foods. The
referenced literatures were obtained from bibliographic
databases by searching through AGRICOLA, CAB
Abstracts, EBSCO, FSTA, Global Health, Google Scholar,
Index Copernicus, PubMed, Scopus, TUBITAK ULAKBIM
Life Sciences Database. and Web of Science.

Results and discussion. Several fruit and vegetable
juices, herbs and spices have been used as acidifying and
flavoring agent for traditional meals, salads and appetizers.
All these products themselves and also their extracts have
been used extensively in food industry as plant based natural
antimicrobials. These plant based additives have
antimicrobial effects on microorganisms, mainly based on
their organic acid composition and/or phenolic content.
Organic acids and phenolics which are fundamental
compounds in plants were mostly associated with the
antimicrobial activity. However, the effect of antimicrobial
component varies depending on the genotype or cell wall
structure or initial population of the target microorganism,
as well as the activity mechanism of the antimicrobial agent
varies depending on the defecting way or binding zone in
the cell. On the other hand. the inhibitory effect of plant
based antimicrobials on different microorganisms were
studied for several times. However, there is still a lack of
understanding of their exact antimicrobial mechanism which
cause the cidal or static effect. It is important to determine
the mechanisms of antimicrobial action exactly to make it
available, comprehensible and applicable for industrial
applications.

Conclusion. Determining the exact mechanism of
antimicrobial activity is important to make these antimicrobials
available, comprehensible and applicable for the food industry.
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Introduction

The development Foodborne diseases are increasingly important public health issues
all over the world, even in developed countries. On the other hand, spoilage of foods is still
a critical point for the economy. In spite of modern techniques in the food industry, “food
preservation” and “food safety” are still major problems [1-3]. While “food preservation”
is a continuous fight against saprophyte microorganisms to extend the shelf life of foods
[4], the “food safety” ensures to inhibit or to control the growth of pathogenic
microorganisms [5]. Several conventional methods, such as: chilling, freezing, drying and
heat treatment, as well as novel techniques such as: gamma irradiation, modified
atmosphere packaging, high pressure and preservatives and/or additives have been used for
food safety and food preservation [6,7]. However, some of these methods damage the
organoleptic properties of foods. Synthetic/chemical preservatives especially have adverse
effects on human health [2,7]. Therefore, the demands of the consumers focus on foods
which are minimally processed and also fresh, preservative free, natural, safe and beneficial
for health [4,6,8]. The regulatory agencies have restricted or permitted the usage levels of
some currently accepted preservatives in foods and modified the legislations [4,8].
However, these regulations and modifications caused problems for food preservation and
food safety in the food industry, and it made researchers look for natural and available
alternatives which could replace the declined preservatives [2,9,10]. As a result, plant based
antimicrobials have gained popularity as natural antimicrobial agents and the researchers
focused on them. Application of natural antimicrobials has been outlined by regulatory
agencies in the USA and the EU countries. Essential oils of cinnamon, clove, lemon grass
and their active compounds (cinnamaldehyde, eugenol, citral) are generally recognized as
safe (GRAS) due to Code of Federal Regulation 21 CFR part 182.20. Carvacrol, carvone,
cinnamaldehyde, citral, p-ctmene, eugenol, limonene, menthol and thymol have been
registered and recognized as safe-to-use in the EU countries [2,11-13].

Food antimicrobials

Antimicrobials are known as the substances that delay the growth of microorganisms or
cause inhibition of them. When they show these functions in a food matrix, they are called
“food antimicrobials” [7]. There are two main reasons for antimicrobial application in
foods: the first one is ensuring food preservation and extending shelf-life by controlling the
growth of saprophytic microorganisms whose metabolic end products or enzymes cause
off-odors, off-flavors, textural problems and/or discoloration; and the second one is
ensuring food safety by preventing the survival of pathogenic microorganisms which
produce toxins [7,13,14].

Food antimicrobials could be categorized as “natural antimicrobials” or “synthetic
antimicrobials” based on their origins. Natural food antimicrobials could be obtained from
various origins such as animals, microorganisms and plants [15]. The effects of animal-
origin antimicrobials (lysozyme, lactoferrin, etc.), microbial-origin antimicrobials (nisin,
reuterin, etc.) and plant-origin antimicrobials (thyme, lemon juice, etc.) against pathogenic
and/or saprophytic microorganisms have been demonstrated in several studies [15,16]. The
plant based antimicrobials are the most popular and useful group among the others because
of low cost, availability and sounding familiar.
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The plants themselves (leaves, stems, buds, flowers, fruits, seeds, bulbs and rhizomes)
and some compounds held from plants (extracts, essential oils) have been used as plant
based antimicrobials to ensure the food safety in the food industry [13,7]. In the studies on
the antimicrobial effects of plants and their extracts, it was declared that plant based
antimicrobials led to inhibition of many types of microorganisms such as Bacillus cereus,
Bacillus coagulans, Bacillus megaterium, Bacillus subtilis, Bacteroides spp., Citrobacter
spp., Clostridium spp., Corynebacteriumxerosis, Enterococcus feacalis, Escherichia coli,
Escherichia coli O157:H7, Klebsiella pneumonia, Listeria monocytogenes, Micrococcus
luteus, Porphyromonasspp., Pseudomonas aeruginosa, Staphlococcus aureus, Salmonella
Typhimurium, Salmonella Paratyphi, Serratia spp., Shigella flexnerri and Yersinia
enterocolitica [18-27].

Fresh juice, sauce and concentrate of fruits and vegetables (lemon, pomegranate, grape,
unripe grape, mulberry, orange, sour orange, black carrot, garlic, onion, leek, red pepper,
garden radish and horseradish), herbs and spices (allspice, bay leaf, cumin, coriander,
fenugreek, oregano, rosemary, cloves, parsley, lemongrass, sage, ginger, vanilla) were
studied to determine their antimicrobial effects on foodborne pathogens by several
researchers [28-31]. Additionally, some essential oils were obtained from plants
(cardamom, cloves, thyme, cumin, etc.) containing active components (carvacrol, terpene,
eugenol, etc.), and some extracts (from sumac, cinnamon, cranberry, red cabbage, sour
cherry pomace, etc.) extracted by water or ethanol were also investigated as plant based
antimicrobials [2,4,13,16,32-35]. Laurus nobilis L. and Myrtus communis L. essential oils
were tested against five Gram positive and four Gram negative bacteria including L.
monocytogenes and E. coli. It was detected that the essential oils were effective on the
testing pathogens, and the diameters of inhibition zones ranged between 7.2-37.7 mm [36].
Antimicrobial activity of Curcuma longa extracts against Klebsiella pneumoniae, Shigella
flexneri, Candida albicans were determined and the diameters of the inhibition zone were
measured as 6 mm, 12 mm and 13 mm, respectively [37]. Antibacterial effect of
pomegranate peel flour on six pathogens was studied and the minimum inhibitory
concentration (MIC) values were between 20-50 mg/mL [38]. Allium sativum has
antimicrobial effect against E. coli, B. subtilis, S. aureus, A. niger and P. chrysogenum and
it caused inhibition zones ranged from 9 mm to 17 mm [39]. Antimicrobial effect of
pomegranate juice was treated on seven bacteria and seven moulds. While, the maximum
inhibitory effect was determined against S. aureus and A. niger, the minimum effect was
determined against to B. subtilis and T. Reesei. The inhibition zones for all of the tested
bacteria were measured between 15-26 mm, and they were between 10-19 mm for the
tested moulds [26].

Mechanism of antimicrobial effect

Plant based antimicrobial agents have been used as natural preservatives in foods for a
long while. Although, the antimicrobial effect against pathogenic and saprophytic
microorganisms was studied several times, the exact mechanism of inhibition could not be
defined clearly. The cell inhibition is expressed by perturbation of the membrane with
phenolic compounds, interacting genetic material with coumarins, chelating metals with
flavonoids and flavonols. For all that, inhibition may occur simultaneously as a result of
different consecutive reactions. It was also observed that compounds which damage the cell
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membrane were affected by leakage of cell contents, disruption of metabolic enzymes and
active transport, and loss of ATP [1,7,40].

There are lots of remarks according to the results of studies on metabolic activity and
effective component of antimicrobial agents that control or inhibit the target (pathogenic or
saprophytic) microorganism. In these studies, it was summarized that the lethal effect was
related to degradation of the cell wall, inhibition of the cytoplasmic membrane and proteins,
coagulation of cytoplasm and depletion of proton motive force (PMF) [7,41].

The antimicrobial effect of a certain antimicrobial agent depends on three main factors:
the psycho-chemical properties of the antimicrobial agent (dissociation constant of the
acids, solubility, organoleptic properties and hydrophobicity/lipophilicity ratio), the
environmental factors (pH, water activity, temperature and structure of food), and the
microbiological factors (initial and/or competitive microflora and type, genus, species and
strain of the target microorganism) [2,5-7]. In addition, the antimicrobial effect of a plant
based antimicrobial agent is mostly related with characteristic properties of the plant
material such as genetic and environmental factors, part of the plant, methods of isolation,
harvesting time and geographical location [4].

The microbial cells have complex metabolisms like prokaryote (bacteria) or eukaryote
(yeasts and molds). So, an antimicrobial does not have a single site of action, it affects
several systems in target microorganism [16]. Even if the plant based antimicrobials are
obtained from different sources by different methods, the antimicrobial agent has three
ways to inhibit a bacterial cell. These targets are destruction of the cell wall, inactivation of
essential enzymes and damage of genetic material [16]. Plant based antimicrobials that are
effective on microbial cells with different mechanisms are generally more effective on
Gram-positive than Gram-negative bacteria. Gram-negative bacteria possess an outer
membrane that surrounds the cell wall and protects diffusion of hydrophobic substances
through its lipopolysaccharide covering [4,13,42].

The specific characteristics of the food matrix are very important. The physical
structure of the food may influence the antimicrobial activity due to the limitation of
diffusion [2]. Effectiveness of some antimicrobials could be limited by the high amount of
lipids, particularly with hydrophobic properties. In other words, hydrophobic antimicrobials
cannot be solved in water and so they cannot be used for dipping/rinsing solutions [16].
Furthermore, the high amounts of lipid and/or protein in foods protect the bacteria against
to damage of antimicrobials [2].

The chemical reaction among antimicrobials in foods with other food components such
as lipids, proteins, carbohydrates and food additives can affect the antimicrobial activity.
These reactions could decrease the antimicrobial activity as well as occurring the formation
of off-flavors, -odor, and —colors. Besides this, many antimicrobials should be used at high
concentrations to completely inhibit the spoilage causing and/or pathogenic microorganism.
However, these amounts are not available for food processing because of unacceptable
flavor, odor, or texture they caused in foods [43].

Organic acids and phenolics which are fundamental compounds in plants were mostly
associated with the antimicrobial activity, and their mechanisms of antimicrobial activity
were explained and clarified in most of studies [13,44].

Organic acids
Organic acids have been used in the food industry as preservative agents for a long

time due to their activity on survival and growth of microorganisms in foods. Organic acids
change the concentration of hydrogen ions (pH) in foods so they can control the microbial
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growth. Although, the optimum pH values for growing of bacteria are close to neutrality,
they could tolerate the pH values between 4 and 9 [16]. Antimicrobial efficiency of the
organic acids depends on type (acetic, benzoic, etc.) and concentration of the acid,
environmental conditions (pH, temperature), and structure of the target microorganism [16].
However, the pH value is the most important factor among the others.

The strong or weak acid terms are used to describe the acids that donate a proton or
dissociate in aqueous solutions [45]. Strong acids such hydrochloric or sulfuric acids which
are fully dissociated, do not penetrate to the cell membrane and they exert their
effectiveness by the denaturing the enzymes which on the surface of the cell. On the other
side, the weak acids which are lipophilic, penetrate thorough into the cell membrane. Thus,
the primary effect of weak acids is decreasing the pH value of cytoplasm [46]. Most of the
acids in foods are weak acids such as lactic, acetic and citric acid, and they exist in a pH-
dependent equilibrium between the two states as fully dissociated or un-dissociated [6,8].
Organic acids have an optimal antimicrobial effect at a low pH values because they are in
an un-dissociated state which can penetrate the cell membrane and reach to cytoplasm
easily. The interior cell pH is neutral, so the acid is forced to dissociate into anions and
protons [47,48]. The bacteria pump the accumulation of H' ions outside to the cell to
protect the intracellular pH. Hence the transportation membrane proteins and transport
enzymes are denaturized in turn, the membrane permeability is increased [16].
Antimicrobial activity of organic acids mainly depend on disruption of membrane and cell
signaling, accumulation of toxic anions, inhibition of glycolysis, active transport and
essential metabolic reactions [1,8,16]. The antibacterial activity is pH dependent. It was
assosiated with pH reduction of the substrate, depression of the intracellular pH or
disruption of substrate transport by alteration of cell membrane permeability [50,51].

In conclusion, inactivation of microorganisms by using organic acids was attributed to
disruption of membrane and cell signaling, accumulation of toxic anions, inhibition of
glycolysis, inhibition of active transport and inhibition of essential metabolic reactions
[1,8,16].

Phenolic compounds

Phenolics are important compounds for the antimicrobial activity of plants and
antimicrobial activity of plant phenolics has been intensively studied [34]. Phenolics may
influence the growth and metabolism of bacteria. The inhibition of bacteria are included
several mechanisms such as adsorption to cell membrane, destabilization of cytoplasmic
membrane, permeabilization of plasma membrane, interaction with enzymes, substrate and
metal ion deprivation, and inhibition of extracellular microbial enzymes[52,53].

The presence of the hydroxyl group in phenolic compounds plays an important role in
antimicrobial activity [2]. The hydroxyl group reacts with the cell membrane and disrupts
the structure of it, and the cell components are lost from the interior. This group promotes
the delocalization of electrons which act as proton exchangers. Thus, it decreases in a
gradient across the cytoplasmic membrane. When the gradient is reduced, PMF collapses
and the ATP pool depletes. Eventually, it results in cell death. At the same time, -OH
groups alter the cell metabolism by binding to the active site of enzymes [17]. The effects
of phenolic compounds could vary depending on their concentration in foods. At low
concentrations, the phenols impact the enzymes responsible for energy production, while at
high concentrations, they raise the denaturation of proteins [15,49].

As a result, inhibition mechanism of phenolic compounds can be explained by
damaging the cytoplasmic membrane, collapsing the PMF, disruption of electron flow and
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depletion of active transport, thereby cell components become coagulated [2,4]. Phenolic
compounds cause the leakage of macromolecules such as ribose and Na glutamate by
altering the microbial cell membrane permeability. They could also interfere with
membrane functions such as electron transport, nutrition, enzyme activity, protein and
nucleic acid synthesis, and they interact with membrane proteins, causing disruption of the
structures and functionality [15].

Conclusion

There has been an increasing demand of safe and natural food products. The food
legislations have promoted the producers to use natural additives instead of synthetics. This
drives the search of the researchers and food industry for alternative techniques to ensure
food safety and preservation. In this context, natural food additives with a broad spectrum
of antimicrobial activity are gaining popularity. Many studies in the literature have stated
that several plants or plant derivatives are effective on inhibiting microorganisms which
cause food spoilage or foodborne diseases. The antimicrobial effect of plant based
antimicrobials is well documented; however, there is still a lack of understanding of their
antimicrobial mechanisms of action. On the other hand, the explanation of the mechanisms
of antimicrobial action should be available, comprehensible and applicable for industrial
applications. While plant based antimicrobials can attain the desirable effects on foods, the
inhibitory concentrations could be limited by undesirable organoleptic characteristics they
cause. In the context of the “hurdle effect,” antimicrobial effects of the plant based
antimicrobials could be increased by the synergistic effects of other techniques, such as
non-thermal processing, and the inhibitory concentrations could be decreased by this way.
Moreover, specific regulations in food legislations are necessary for using plant based
antimicrobials and labeling them.
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Introduction. The three-dimensional mathematical
model of non-Newtonian fluid flow was introduced, with
viscosity that depends of shear velocity in rectangular
channels of food equipment.

Materials and methods. Applying the method of
superposition allows to build a field of longitudinal flow
of non-Newtonian fluid in rectangular channel of
technological equipment with moving borders and thus to
define values of velocity and pressure at any point inside
the channel.

Results and discussion. We developed a model of
longitudinal flow of non-Newtonian fluid in rectangular
channels on borders of which different longitudinal
velocities are set. The model is based on the solution of
one-dimensional problem of the Couette flow in the
channel. The composition of flows in the slit channels
with mutually perpendicular pair of borders allows to
receive a flow rate formula which satisfies the principle of
limit correspondence between the currents in a rectangular
and slit channels. We suggest a method of construction of
the velocity field which is a subdivision of the final
section of the channel into sections with a different
dependence on the coordinates so that in some areas the
velocity depends only on a single coordinate, while in
others — only on the other coordinate. We obtain the
equations of lines delimiting these areas, and how to
determine the shape of boundaries.

Conclusion. The analytical formulas allow defining
macrokinetic characteristics of each channel at the
boundary with arbitrary distribution of velocities of the
flow of non-Newtonian fluid the viscosity of which
depends on the shear speed.
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Introduction

The movement of non-linear fluids is a part if hydrodynamics for laminar or Stokes
flows. In technical literature there are a lot of ways to solve problems related to flow of
viscoplastic fluids. The objective of any solution of the problem of fluid flow is to find the
pressure and the wvelocity vector at each point within the channel
[1,2,3].

Materials and methods

Three-dimensional flows are usually studied using the numerical methods. Results
obtained this way are more accurate. To generalize it in order to isolate the impact of
individual parameters the analysis of large amount of numerical information is required.
The form of representing results of such impacts is mostly descriptive and may contain
many errors. There is another approach to the problem of constructing a picture of the
three-dimensional flow, the purpose of which is the analytical solution of a problem, which
is simpler yet retains all the important parameters of the flow. Usually this problem is one-
dimensional. Then, a three-dimensional solution to the problem is constructed using
heuristics compositions based on the results of one-dimensional problem solving. Then, a
three-dimensional solution to the problem is constructed using heuristics compositions
based on the results of one-dimensional problem solving. This solution has a lower
accuracy than the numerical one, but allow the researcher to obtain physically reasonable
parameter combinations as opposed to random combinations of a descriptive nature, which
are obtained by numerical solution of the problem. Solutions based on the analytical
methods have more methodical value, and can be used by other researchers for a variety of
other tasks. As a means of studying the movement of nonlinear fluids authors adhere to the
analytical approach followed by composition [4]. The basic problem in this case is the
problem of the Couette flow in a slit channel. Rectangular channel and boundary conditions
that create a three-dimensional flow in it are shown on Figure 1.

Knowledge of pressure and velocity at each interior point of the channel makes it
possible to calculate such quantities: flow rate, the dissipative heat, shear rate and shear
stress [5, 6].

Speed pressure fields are totally dependent on the boundary conditions on the channel
walls. These conditions are determined by the construction of the working chamber through
the helix lead angle of the worm and its pitch and speed of the machine shaft [1, 7, 8].

+ + Figure 1. Rectangular channel and
® W lly 4 Ly the boundary conditions

of three-dimensional flow
2a in channel:

&® W,fy — value of longitudinal velocity

W on the channel borders which are
lly perpendicular to OY axis;

X W, — value of longitudinal velocity

[ly W i on the channel borders which are
perpendicular to OX axis;

Wir

1Xx>°

*
W, — value of transverse

® W II_y W Ly velocities on the channel borders
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The boundary conditions for the basic problem of Couette flow are shown on Figure 2.
L

L er

Figure 2. Fragment of the slit channel with boundary conditions

Results and discussion

We studied the longitudinal flow of non-Newtonian fluid in rectangular channel, which
has longitudinal velocities sent on its borders. The distribution of these boundary velocities
is displayed on Figure 3.

y +
® Wlly
X
@ _ _ 1 B _ W”X
Wllx . X
l"‘/Ily 2

Figure 3. Longitudinal flow in rectangular channel and boundary conditions on its borders

The flow on this figure is a special case of the general three-dimensional flow, shown
on Figure 1. Longitudinal flow has one velocity component v,, which depends on two
coordinates x and y in rectangular cross-section of the channel. The equation of liquid state
is defined by viscosity u, which has the following form:

BRI
ox Oy Oox Oy

in which a and f — parameters that depend on molecular characteristics of liquid and that
are determined by an experiment. The equation of the flow is represented in the following

R e e I
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In accordance with the above, this problem should be reduced to a form which
corresponds to the problem of longitudinal slit flow. This should be done twice: at first
problem (1) should be transformed into problem of slit flow with borders, which are
parallel to ox axis; then it should be transformed into problem of slit flow with borders,
which are parallel to oy axis. Afterwards, the general flow in rectangular channel is
constructed using composition method. Following this plan, it is necessary to express the
derivatives 0v./Ox u Ov,/Oy through each other. Relationship between the derivatives has the
form: Ov_ /0x ~x Ov, /0y, where x=h/a, while h and a are the sides of the rectangle on
the Figure 3. This relationship is defined up to a factor, the form of which depends on the
degree of convexity or concavity of the velocity profile. Using derivative Ov,/0y as a
primary one, and then derivative 0v./Ox we can come to the following equations of the slit
flow:

1
dP _ 3 a(l+x)+ﬂ( +x) ov,||0v, | _
dz ay 2 ay Oy
I ﬂ(1+1j
x2
P_0 a(“l}—% .1y, 3)
dz Ox X 2 oy || oy

Below, both problems are solved simultaneously, since they have the same structure. In
order to solve them variables x and y are denoted as x;, where i=x,y; parameters of both
problems, multiplied by factors, which depend on parameter x, are denoted as d;, ;, where
i=x, y; rectangle sizes /& and a are denotes as /;, thus /,=a, [,=h. By virtue of inclusion of
absolute value of velocity derivative, the solution to problem (3) consists of two branches
which intersect at point x ;

(4)

The choice of characters is dictated by the fact that one branch should have a positive
derivative, while the other — a negative one. At point x*; where branches intersect, the
derivative turns to zero. This condition along with boundary condition (see Figure 3), lead
to the following expressions for velocity viz:

al  x,—x dP 2B (o L-x dP 2B
v, (x)——( xl.)+ ~+ — | === ~+ — +w/,
28 4p7 B dz) 3dP |4’ p dz) 3dP

dz dz
v (x) = (l +x, )+ a_f+xl.+xfd_P 26 (o +l"+x"*d—P 28,
28, 4> B dz) 3dP \4p> B dz) 3dP
dz dz

®)
Values x ;, which are calculated from the condition of continuity of velocity v; at points
x";, have the following representation [5, 6]:
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= Wf;‘ 1 6)
A o, I, dP /
—=2(—5 —)?
B ap’ ﬂ dz

By integrating expression (5) on interval (-/, x;) for branch v; and on interval (x’;, /)
for branch v'; we can come to the following expression for the v, flow rate:

‘.}i =1’V; (Zl _xl_*)_;_M/;(li +x;)+zi[;(li2 +xl_*2)+% %

3 3 3 3
o) L-x dP} [ a ) a L+x dP) [ o )
+ = - + + —| -
ap? B dz Ap; ap? B d: Ap;

()

The expression (7) can be somewhat simplified by compromising accuracy. To do so,
the terms in powers 5/2 and 3/2 should be expanded in Taylor series up to and including the
new term by the degree of smallness. The value (x'; dP/dz)/ f8 should be used as an
expansion parameter. This expansion gives an error of not more than 16% for the case of
inequality |xl| <[, . If such expansion is performed, then expression (7) for the flow rate

turns into a square polynomial with respect to the value of x”; The result is as follows:

2
5

5
2 2 \3
v, :wi*(li—)ci*)+wlf(li+)c;)+i(li2+)cfz)+ﬁ P G l ar ¥ aiz -
20, 15| dP 4B; ﬂ dz 44
dz
2 2
2B 2 a; +ll. [, dP +3LdP Z dP X
—3dpP 4B} B [5’ dz B, dz 4[3 [3 dz
dz -

®)

With the help of the formulas (7) or (8) it is possible construct a formula for the
longitudinal flow rate, but in the rectangular channel, not a slit one. In order to perform
such construction, we should use the considerations of limit compliance, which implies that
if parameter x, which is present in definition of values a; f;, tends to zero, we get a slit
channel in channel with borders along the ox axis. If, however, this parameter tends to
infinity, we get the slit flow in channel with borders along the oy axis.
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Based on these two extreme cases, the rate of the general flow can be represented as the
composition of slit flows rate with weighting factors that depend on parameter x and satisfy
the compliance with the limit. Such composition is ambiguous. Its final concrete form is
determined empirically. However, the simplest kind of composite factors is used. Based on
what said above, the form of such composition can be the following:

1 n xm n
v=y, +v , 9
y(1+x’"j X[1+xmj 2

where m and n — composition parameters. The simplest choice is to set n=1. The following
considerations can be made with regards to the value of the parameter m. A common
feature of slow (Stokes) viscous fluids is that the influence of bounds on the velocity profile
shaping distributes over the distance into the flow region of the order of the corresponding
border length. From this, it follows that for rectangular channels, that are highly elongated
along the x axis, the flow with velocity v,(y) distributes over an area of exponent ah-I*,
while the flow with velocity v,(y) distributes over the area of exponent 4. For channels,
that are highly elongated along the oy axis, the situation is exactly the opposite: flow with
velocity v,(y) distributes over the area of exponent ah-a*, while flow with velocity v(¥)
distributes over the area of exponent a’. For these the expression for the rates can be
represented in the following form:

ah—a’
o (10)

Comparing formulas (9) and (10) we can conclude that (10) leads to the fact that in (9)
parameter n should be set to 1.

Now we must construct the velocity field from the expressions (5). In order to do this
we must refer to the Newtonian fluid flow in rectangular channel. Such a flow due to the
linearity of the problem can be divided into two: the current, which is caused by the
movement of the walls; and the flow caused by pressure drop. For the first flow, the rate is
equal to the product of the average speed on the cross-sectional area and the velocity by a
factor equal to the quantity ratio of the length of the moving part of the perimeter length of
the cross section to the entire perimeter. This fact can also be interpreted in a way that the
influence of the moving borders distributes not throughout the entire cross-sectional area
but through its part. From physical considerations, it is clear that this part should be
adjacent to the moving borders. The remaining part of the cross-section is influence by
immovable walls and must adjust to non-moving borders. The influence areas of the
borders are qualitatively presented on Figure 4.

H(r=1)=7, (x=0) 47, (x=00)

Wﬂ‘y

Wi
Figure 4. Areas of influences of the boundary conditions on rectangular channel borders:
A — the depth of penetration of the zero boundary conditions.

——Ukrainian Food Journal. 2016. Volume 5. Issue 3

555



Processes and Equipment of Food Productions

The figure shows that the size of the area adjacent to immovable borders has the
exponent of x/(1+x). From this follows the fact that is all the rectangle area is taken as 1
then the size of the area influenced by borders movement is 1/(1+x). Then for the parts
elongated along the cross-sections the remaining area will actually be x/(1+x). From this
and from Figure 4 follows the fact that this value is the same as the depth of penetration of
influence of zero boundaries. For the second flow slightly different considerations should
be used. If the flow rate is taken as 1 and remove a pair of borders which are perpendicular
to ox axis, then adding this pair of borders decreases the flow rate to 1/(1+x”) times. This
fact can be interpreted as decreasing the maximum velocity in the same amount of times.
The method of composing solutions (5) has the simple nature and can be used in
engineering. In lies in using the corresponding solution from (5) for each pair of borders.
Areas, in which different solutions work, have the shared borders. The shape of these
borders can be defined from conditions of continuity of velocity fields on these borders. If
we write continuity conditions for different solutions then there will be four conditions:
V)=V L0); V)=V L5 V)=V L(x); V)Y ).

Each of continuity conditions leads to one line. The above statements are presented on
Figure 5.

Y
NN 7
¥y
_ . A// _ '0 _ // _
Vo(x) 1 \ -/ J,
/ - I____ \\\ yf
f/ VZ/J/) =
X5 X X X

Figure 5. Partitioning of channel cross-section into areas with velocity profiles vf ( y), vf (x) :

solid line — actual partitioning; dashed line — approximate partitioning

The conditions can be represented in the following expanded form:
3 3

a +b y+(c +af’y)-E =m" +n"x+(" +p+x)-E ,
3 3
a" +b'y+(c"+d*y)  =m +nx+({" +px)?,
3 3
a +by+(c +d y) =m +nx+( +px)? (11)
in which values a™ b™ ¢™ d™ m™ I p* are defined in the obvious way from (5) and are not
shown because of triviality and in order to save space. Equations Equations (11) can be
solved (in order to define the form of relationships y;(x), y=1,2,3,4) only numerically.
Approximate solutions can be obtained by partially linearizing equation (11). To do this we
need to make the following notations:
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1 Y2 l
¢ +d y)dy=2";
7 L( y)*dy
1 e :
j (I" +p'x)2dx=6";
a—x, %
1 Ro) !
[F@+pxypac=5 (12)
a+x, ¢

in which y;, y,, x1, X — points, presented on Figure 5. In these notations after linearization,
the linear equations are obtained for boundary lines, while actual lines become line
segments. Equations for boundary lines acquire the following form:

(@ +c A)+B +d A))y=(m"+I'6)H)+(m" +p" 6" )x;

(@ +c AN+ +d" ANy=m +16)+(n +p o )x;

(@ +c A+ +d A )y=m +16)+(n +p o )x (13)
Solutions (13) are represented on Figure 5 as contour lines. In order to obtain values x;

and x, (see Figure 5) the solutions of first two and the last two equations (13) should be
equated in pairs. As a result, for x; and x, we get the following formulas:

(m +176)—(a"+c'A") (m +16)-(a +cA)
X, = b* +d+/lt __ _b:+d_/l_ (14)
n+pdé n+péd
b +d A~ b +d'A"

Since A “ and ¢ * are unknown, they should be determined by the equations (12) and
(13), where values y, u y, should be defined as well. The system of equations for finding A*
and 6 * is nonlinear and is solved numerically.

For velocity profiles v.” for which y* and x lie correspondingly in intervals (-4, &) and
(- a,a ), the non-numeric solution can be obtained. The expressions for v.’ near the points y=
+ i and x= + a should be expanded in Taylor series up to and including the first term. The
results of these expansions can be written in the following form:

2 . %
vz_(y)—w;+|: % +[ % +h—y dP] ](h+y),

28, |47 B, d
2 * %
N . a, | a, a-x dP _
v2<x>-w.,+[2ﬁx (i) ]w 9,
a al a+x"dP %
v;(x):w;+ "+( -+ j (a+x) . (15)
2B, \4B° B, dz

In order to save space we denote multipliers before # £ y and @ + x as M, N, R, S
correspondingly. The equations of boundary lines will then be written in a following way:

——Ukrainian Food Journal. 2016. Volume 5. Issue 3

557



Processes and Equipment of Food Productions

(w;—w;)+R-a R

S
Y M M
o mow)rRe R
N N~
w.—w, +S-a §
=—h+—— > — 4 K 16
y N N (16)

Values for coordinates y,,x, u y,,x, are obtained from equations (16) from the
following relations:

w—-w +S-a w -w +S-a 1 1
2h - z - =l —+—|5x,

M N M
w+—w;+R a R
»n=h- IY; X
wi -w' +S-a §
Vs =h—’T+ﬁx2. (17)

Conclusion

The results that we received, allow us to construct the field of longitudinal flow in
rectangular channel with moving borders. At the base of the construction is the solution of
one-dimensional problem of slot flow. The composition of flows in slot channels with
mutually perpendicular pairs of borders allows to receive the flow rate formula, which
satisfies the principle of limit correspondence between flows in rectangular and slot
channels [10]. We proposed the method of constructing the velocity field, which in essence,
is the partition of the final cross-section of the channel into sections with different
dependency on coordinates in a way that on some sections velocity depends only on one
coordinate while on others — only on another coordinate. We established the equations for
lines, which divide these regions. We suggested methods to define shapes of divider lines:
one of them is the rectifications of these lines. For this method, the coordinates of divider
lines intersection are fully defined by explicit formulas.

Analyzing formulas (5), which are received from equations (3) it should be noted that
the reduction of the original problem with velocity dependency on two coordinates to two
problems, in each of which velocity depends on only one coordinate, was based on
assessment of relation of derivatives 0v./0y k Ov,/Ox. Authors chose the simplest assessment.
Objectively, this assessment is valid in the case when differences of velocities w,” — w,’
and w," — w,” do not differ very much one from another. The more accurate assessment
leads to the following relation between derivatives:

ov /oy wow

8v2/8x~ wh—w

x x

(18)

This assessment is valid for such flows, velocity profiles of which are not too convex
of bent. These flows are correspondent by values y* and x*, which are outside the intervals
(-h, h) and (-a, a) correspondingly. Formally, in this case, the formulas do not change their
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appearance. For strongly convex or concave velocity profiles when the contributions of
pressure exceeds the contribution of moving channel walls, the assessment of relation of
derivatives can be written in a following way:

ov /oy o (w) —w;)+czvmyl(y*) v,, =maxyv, (y),

ov_/ox h o (w! —w;)+c4vml(x*)’ V,, =maxv_(x),

(19)

where ¢, ¢,, ¢3, ¢4 are constants, which depend on flow characteristics.

In conclusion, it must be emphasized that the general form of the formulas in the
present work does not depend on the choice of assessment of the relation of derivatives,
because these assessments are included into values a,, f,, a., f. as factors.
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Introduction. With the aim of increasing the efficiency of
the sources of heat in the furnaces of tunnel ovens it was
investigated the process of recycling of heating gases.

Materials and methods. In this work, we used CAE-
software for modeling the motion of liquids, the principle of
software is based on the method of finite elements. For
calculation was used rheological and kinematic parameters of
hot gases which were obtained for the real model
experiments.

Results and discussion. It is found that the velocity
distribution along the length of the furnace is divided into two
sustainable region: the axis of the furnace and around the
outer walls of the furnace. The mixing of the gases starts in
the junction box.

The temperature of the gases at the center of the stream is
reduced from 1900 to 600 °C is almost a linear relationship.

The temperature of the gases near the furnace walls varies
throughout the length of the furnace ranging from 260 °C to
360°C because of its low turbulence flow.

On the contour of the region of maximum dissipation of
kinetic energy the turbulence were observed in the two local
areas. The first is the ring around the exit of products of
combustion from the combustion chamber. The second area is
at the area of narrowing of the furnace. It is near the exit to
the junction box.

It was obtained for the first time the visual and the
numerous information that reflects how the combination of
local resistance in a gas path affects the value of the Reynolds
criterion and the nature of the movement of the heating agent.

It is proposed to equip the furnace of this type for more
details — ring washers. It is proven that they change the
direction of the flow of recirculation gases so that there is an
active mixing with the combustion products along the entire
length of the furnace.

Conclusions. Computer modelling of furnace operation
has allowed to detect and localize the flaws of the current
baseline design and to propose ways of modernize of the
system.
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Introduction

The bulk of the bread currently baked in tunnel baking ovens. They are universal, cost-
effective, the possibility of widely varying temperature settings over the length of the
baking chamber.

Main unit of work which depends on the stability of the Baking Ovens — a furnace. It
combusted natural gas or fuel oil.

Its principle of operation is associated with recirculation of exhaust gases heating. Flue
gas with a temperature of 350 ... 400 °C is partially removed from the stack and partially
fed into the furnace, where they are mixed with fresh products of combustion, and sent in
the heating channels.

From the quality of mixing of fresh and exhaust heating gas depends on the uniformity
of the heating of the baking chamber.

Definition of furnace operating parameters in the factory — a complex experimental
process. Research methods are laborious and have significant errors.

It is proposed to use the methods of computer simulation. They allow to visualize the
flow of hot gases inside the furnace. These methods allow you to track changes in flow rate,
temperature and pressure drops, the processes of dissipation of the kinetic energy of the gas
stream.

Materials and methods

In this paper FlowVision program Tesis company was used.

It is designed for the calculation of hydro — and gas dynamics problems (together with
related processes warmly — and mass transfer) in a wide range of Reynolds numbers in an
arbitrary three-dimensional domains.

The use of this program has allowed us to obtain unique scientific information in
various sectors of the food industry [1-5]. Has been researched and proposed ways of
modernization of equipment for the grinding of food [6, 7], for mixing food products [8—
10], thermal processes in proofers [11-13], to transport products through pipes [14].

It was also studied the movement of heating gases in various zones of tunnel ovens
[15].

The basic program is the Navier-Stokes equations, the flow continuity equation, the
equation for the turbulent viscosity. In addition, the model includes equations for the
turbulent energy k and the rate of turbulent energy dissipation .

In this paper, in the course of the simulation was used k — € model of turbulent flow of
viscous fluid with slight changes in the density changes at high Reynolds number.

Numerical integration of the equations of the spatial coordinates is performed using a
rectangular milled locally adaptive grids. This approach allows the solution of problems
carry out a grid adapted to the peculiarities of the geometry near the borders.

In the calculation were used physical parameters obtained at the time when the actual
model experiments:

- the temperature of the combustion products leaving the combustion chamber is
1900 °C;

- the temperature of the gases supplied to the recycling of 350 °C;

- pressure drop, which is available at the site exit gas distribution box, is 30 Pa.

The number and proportion of the feed gases was determined by the ratio of excess gas,
equal to 2,15.
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When referring to the boundary wall of the conditions of surface roughness has been
set, which is characteristic of the material from which made the furnace.

In FlowVision package used several ways to visualize the results. Visualization of
scalar field dissipation of kinetic energy, which is proportional to the gradient of the speed
of deformation of the product, possible to determine the place of origin of turbulence in the
flow. Namely education turbulence leads to a mixing of gases. Field dissipation visualized
through the use of contour lines of the gradient.

Vector field visualization speed it possible to determine a change in the value of speed
and change the direction of movement of the product.

Typical furnace design with mixing chamber is shown in Figure 1. It consists of a
burner 1, combustion chambers 2, the tangential entry nozzle gas recirculation 3, 4, mixing,
dispensing duct chamber 5. The latter also was simulated, as at the entrance to him to
change direction of the heating gas, which affects the total gas-dynamic situation.

a b

Figure 1. The appearance of the furnace tunnel baking ovens (a) and its section (b):
1 —burner; 2 — input pipe gas recirculation; 3 — combustion chamber;
4 — mixing chamber; 5 — distribution box

Examined type furnaces refers to a group of structures in which only the recycle gas is
cooled outer surface of the combustion chamber and is widespread in the industry.
Results and discussion

The efficiency of the furnace can be estimated by graphic materials. They are presented
below.

R

Figure 2. The velocity vector along the length of the furnace
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Analyzing the velocity distribution along the length of the furnace (Figure 2), we can
distinguish two stable regions. The first region — on the axis of the furnace — gases from the
combustion chamber. The second area — cylindrical — recycle gases moving around the
outer walls of the furnace.

Practically there is no mixing of gases in the furnace. It begins in the switch box. It is
clear that such an operation unstable and does not give a good result.

I —
J
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o] 3900 1500 1100 gjl
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Figure 3. Isolines changes in gas temperature in the furnace

Consider the temperature drop along the length of the furnace. The flue pipes should go
with the flow temperature of about 600 °C. Obtaining such temperature occurs at the end of
the mixing chamber (Figure 3).

Any gas pressure drop across the burner, any change in the position of valves in the
distribution boxes and heating ducts lead to the inability to obtain a stable flow set
temperature.
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Figure 4. Schedule of changes in temperature of the combustion products in the furnace center

The temperature in the center of the flow changes from 600 to 1900°C virtually linear
relationship (Figure 4). But efficient operation of the furnace, it should be at the beginning
of the mixing zone to drop sharply.
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Figure 5. Schedule changes recirculation gas temperature at the outer walls of the furnace

Neither Figure 5 is a gas temperature near the furnace wall (the abscissa axis of the
graph is in the middle of the annular gap through which recirculation gases move). The
range of temperature fluctuations across the furnace length of about 100 °C, which is
clearly insufficient.

The dissipation of the kinetic energy of gases is due to internal friction between layers
of flow, which are moving at different speeds. It shows the place of occurrence of
turbulence, thanks to which there is a mixing of hot and cold gases.

Isolines of maximum dissipation area is shown in Figure 6. It may be noted swirls in
two local areas. The first area — a ring around the exit of combustion products from the
combustion chamber. The second area — in the narrowing of the furnace. It is already at the
outlet to the distribution box.

Figure 6. Areas of active mixing of gases along the length of the furnace

The above analysis allowed the furnace operation to detect and localize the
shortcomings of the existing basic structure. This lack of turbulence in the gas flow.

The method of computer modeling allows us to offer solutions to the problem. Check
the correctness of the proposed solutions can be directly, without the creation of pilot
plants, stands and full-scale experiments.

Consider one of the solutions to the problem.
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As gas flow path is necessary to create an artificial local resistance. It will change the
speed and direction of flow. This will lead to their collision and active mixing.

local resistance structure can be set. Also, there may be many places of its location. In
the present embodiment, the test — A washer ring is mounted on the inner wall of the
mixing chamber in the middle of its length.
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ﬁ : 7& 5o
== = -
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Figure 7. Changes in the activity of dissipative processes after the furnace modernization

As follows from Figure 7, activity increased mixing streams. Formed two large area —
at the beginning of the mixing chamber and in the middle of it. Main processes now occur
in the furnace itself, rather than leaving it. This allows more precise adjustment of
processes of heat exchange and mass transfer between gas flows.

E

e

Figure 8. Velocity vector gas streams after modernization

The most visually look the field of active mixing in Figure 8. In the field of A the
vector flow rates actively change direction. Streams collide and there is reduction in
temperature to a predetermined value. On the contrary B — in the control box — flows have
already mixed and a uniform temperature.

Conclusions

Computer modeling of complex heat exchange processes provides a unique scientific
information on the furnaces ovens.
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Gas of recycling, which are introduced into the furnace tangentially to form a stable
rotating flow around the chamber walls. This prevents them from mixing with fresh
products of combustion.

Gas of recycling, which are introduced into the furnace tangentially, effectively cooling
the outer surface of the device. Also recirculation gases effectively cooled combustion
chamber surface.

The greatest area of turbulence in which the mixing gas are located at the beginning of
the mixing chamber and the outlet the refrom.

It is proposed to equip the furnace of this type with additional details. They must
change the direction of flow of recirculation gases so that their active mixing occurred with
the combustion products over the entire length of the furnace.

Computer modeling allows you to quickly check the correctness of the proposed
technical solutions for the modernization of structures of thermal devices baking ovens.

The proposed method of investigation baking ovens can be used to develop new and
effective structures of this kind of baking equipment and to upgrade existing designs.
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Introduction. Consumers are more conscious about the food
safety and food quality which are the most important challenges
throughout the world. In the aspect of food quality and safety, the
study was conducted to assess quality in some commercial
brands of Bangladeshi noodles.

Materials and methods. The study was carried out in two
phases. In phase I, a comprehensive baseline survey was
completed to know consumer attitude towards noodles covering
the peoples of different areas in Bangladesh. Consumers alleged
that all commercial branded noodles are adulterated by the use of
low grade flour and harmful food colors that are hazardous for
health. In phase II, four commercial branded noodles samples
were collected from local market for assessing chemical
composition, cooking characteristics, microbial profile and
sensory evaluation (descriptive and preference test).

Results and discussion. Noodles samples were found in the
range as moisture 7.07-10.70%, ash 1.01-2.70%, fat 0.40-
0.73%, crude protein 11.00-11.17%, crude fibre 0.05-0.30%,
total carbohydrate 74.19-80.34%, starch content 61.09—66.35%
and pH 8.15-8.88. The degree of gelatinization, acid value and
energy content was found as 96.55-99.85%, 0.79-0.85 mg/g and
344.52 kcal/100g — 370.53 kcal/100 g respectively. Microbial
profile indicates, noodles industries maintained good hygienic
conditions during noodles production according to GMP and
there was no fecal contamination and any microbial hazards. The
cooking characteristics of all noodles samples were varied but all
had acceptable quality. There was significant difference (p<0.05)
in the smoothness, yellowness, whiteness and shininess except
brightness and textural attributes examined among the cooked
noodles samples. Although descriptive score were varied, but
were obtained satisfactory score. There was significant difference
(p<0.05) in all the sensory attributes (color, flavor, taste, texture
and overall acceptability) among the noodles but were achieved
satisfactory score for all noodles samples.

Conclusions. Commercial brands noodles samples fulfilled
the requirement of Bangladesh Standards and Testing Institution
(BSTI) standards. So the concept of peoples about commercial
brands noodles is not precise.
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Introduction

In Asia, noodles are consumed extensively as a traditional food. In the ancient period,
they were prepared and consumed within the home. Now-a-days the new technology
developed to improve it’s quality with different variety, continue a staple of Asian intakes.
Noodles become very available and can be obtained with different forms including fresh,
cooked or processed for longer shelf life. Now noodles are reflected as a convenient fast
food because of easy to prepare [1].

According to World Instant Noodles Association (2013), noodles are consumed in
more than 80 countries and have become worldwide renowned foods. The world intake of
noodles was 101.42 billion packets in 2013 and most of the intake took place in Asia. This
included 44.03 billion in China, 14.10 billion in Indonesia, 5.41 billion in Japan, 4.36
billion in India and 0.16 billion in Bangladesh. However, North America also consumed
4.34 billion packets of noodles [2].

Factors to assess Asian noodle quality are appearance, color, eating quality and texture.
Cooking characteristics and shelf life belongs to additional quality factors. Appearance can
be assessed by three parameters such as brightness, yellowness and discoloration, although
additionally glossiness, luster and geometry also consider as quality. Sensory evaluation
and instrumental testing are the ways to assess eating quality and textural attributes.
Trained panels frequently accomplish for sensory evaluation of Asian noodle texture and
terminologies used are often subjective [3].

However, in the developing country like Bangladesh, it is very essential to assess the
quality of commercial brands of noodles because it has very insignificant information in it
and consumer are very worried about the quality and safety of foods. Hence, this
experiment is crucial to meet a void in the scientific field as well as to meet up consumer
demand.

The current study was carried out in two phases. In the first phase, the main goal was
to complete a comprehensive baseline survey to know consumer attitude towards noodles
covering the people of different sections of society. In the second phase, some commercial
brands of Bangladeshi noodles quality were evaluated.

Materials and methods

Phase-I: Method of Base Line Survey. A comprehensive Baseline Survey was
completed covering the people of different sections of society. 1920 questionnaires were
distributed among the respondents from where 951 complete questionnaires were received.
Quantitative and qualitative data were transformed into scoring.

Phase-II: Laboratory experiment. The study was conducted in the laboratory of the
department of Food technology and Rural Industries under the faculty of Agricultural
Engineering and Technology and the laboratory of the department of Microbiology and
Food Hygiene, Bangladesh Agricultural University and the laboratory of Bangladesh
Standards and Testing Institution (BSTI).

Sampling. In order to carry out experiment, noodles samples of different commercial
brands (coded with A, B, C and D to overcome the sampling biasness) were purchased from
local market, Bangladesh, whose manufacture date were same. Control sample (coded with
E) was made by using wheat flour (100g), salt (2g), gelatin (0.5g) and water (40g) with
standard procedure.
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Chemical analysis of noodles. All noodle samples were analyzed for its moisture
content, ash content, fat content, crude protein content, crude fibre content, total
carbohydrate content, starch content, pH of cooked noodles, acid value and degree of
gelatinization, to determine important chemical parameters to assess the quality according
to AOAC method [4]. All tests were executed in triplicate and the results averaged.

Microbial profile. The standard plate count and yeast and mold count were done
according to the method described in “Recommended Method for Microbiological
Examination of Food” [5]. Coliform count of selected brands noodles was done [6]. All
tests were executed in triplicate and the results averaged.

Cooking Quality Attributes of Noodles. Cooking time, cooking yield, cooking loss
and water absorption of all noodle samples were examined using standard method [7]. All
tests were executed in triplicate and the results averaged.

Sensory Assessment. Samples were presented to a panel of 30 panelists selected from
department. The descriptive test using a 5-point attribute scale and preference test using a
nine-point hedonic scale were conducted consecutively. All the panelists were briefed
before evaluation. Panelists evaluated the appearance of uncooked and cooked noodles
under daylight illumination. The samples were coded with letters and served to the panelists
at random to guard against any bias. Each sample was simulated triplicate by the full panel
over three consecutive days during the course of evaluation.

Statistical analysis. The data obtained from the experiments were statistically analyzed
for analysis of variance (ANOVA) and consequently Duncan's Multiple Range Test
(DMRT) was used to determine significant difference among the various samples in
triplicate. Data were analyzed using the software, Statistical Package for Social Sciences
(SPSS) version SPSS 16.0.2 at the 0.05 level [8].

Results and discussion
Phase-I: Baseline Survey Results

Status of Adulteration. This survey was performed to know the opinions of general
people of our society. 1920 questionnaires were distributed among the respondents and 951
complete questionnaires were received from them and most of the respondent’s opinion is
shown in table 1.

Table 1
Status of Adulteration in Noodles Available in Local Market

Total respondent (n) Responses

Adulterated | Not-Adulterated
951 85.40% 14.60%

From Table 1, it is clear that 85.40% people of our society think that noodles available
in local market are adulterated.

Adulterants Used in Noodles. According to the survey results, about six out seven of
respondents opined that the processed noodles are being adulterated with different types of
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adulterant like high moisture, excessive amounts of permitted preservatives, harmful food
colors, low grade flour and harmful preservatives. The consumer response about the type
and the level of individual adulterants in noodles has been shown in Figure 1.

According to the public opinion, 41.66% among adulterated noodles are adulterated by
the use of low grade flours.

v) Harmful vi) Others; 1,42 i) High moisture;
11,8

preservatives;

11,87
ii) Excessive

permitted
preservatives;
10,04

iv) Low grade
flour; 41,66

iii) Harmful food
colors; 23,2

Figure 1. Consumer Response about the Individual Adulterants Present in Noodles
(Percent Respondent)

Status of Quality and Safety of Noodles. Different respondent interpreted from
different points on quality and safety issue of noodles avail in the market. The present
respondent on quality and safety issue of noodles has been shown in Figure 2.

i) Are healthful for

iv) Customer ~___—— the customers?;
should not eat it.; 3,53
29,56

iii) Customers

\ ii) Are harmful for
should eat it.; 6,95

the consumers?;
59,96

Figure 2. Consumer Response about the Status of Quality and Safety of Noodles
(Percent Respondent)
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From Figure 2, about six tenth people of our society believed noodles avail in market
are harmful for consumers where three out of ten respondents stated that customer should
not eat it. According to the survey results, it was concluded that public thought noodles
available in market are unsafe for consumers to eat.

Preventive Measures to Control Adulteration in Noodles. The preventive measure
need to be undertaken to control adulteration in commercial brands noodles are shown in
Figure 3.

v) Strengthening vi) Others; 2
supervision by
legal authority; 17

i) Enforcing law
and imposing
punishment; 22

iv) Social
motivation of food
consumers; 20

ii) Social
motivation of food
processor; 16

iii) Adopting BSTI
standards; 23

Figure 3. Consumer Response about the Status of Preventive Measures to Control Adulteration
(Percent Respondent)

According to the respondents, preventive measure should be “Adopting BSTI standard”
(23%), “Enforcing law and imposing punishment” (22%) and “Social motivation of food
consumers” (20%). On the other hand 17% people believed that preventive measure should
be “Strengthening supervision by legal authority”. “Social motivation of food processor”
(16%) is also a preventive measure need to be undertaken to control adulteration in

commercial brands noodles.
Phase-II: Chemical Analysis of Noodles

The results of chemical analysis of noodles samples are tabulated in Table 2. The
higher moisture content was obtained in sample A (10.70%) followed by B (8.35%), C
(7.71%), E (7.31%) and D (7.07%). According to Bangladesh Standard and Testing
Institution [9], the maximum moisture content of noodles should be 10%. The analysis
showed that sample A had little bit higher moisture content than standard limits. The
moisture content of all noodles samples varied. This variation might be due to the different
drying time, drying condition and temperature.
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Table 2
Chemical Analysis of Noodles
Parameter Noodles Samples
A B C D E
Moisture content (%) 10.70° | 8.35 7.71%¢ 7.07° 7.31°
Ash content (%) 2.70° 1.78" 2.25% 1.01° 2.18°
Fat content (%) 0.40" [0.73° 0.67" 0.57" 0.49®
Crude Protein Content (%) | 11.04* | 11.00° | 11.03" 11.01° 11.17°
Crude Fibre Content (%) | 0.30* [ 0.29° 0.05° 0.05 0.24°

Total Carbohydrate (%) 74.19° | 78.14° | 78.33° 80.34* | 77.95

Energy content (kcal/100 g) | 344.527 | 363.13* | 363.51 | 370.53* | 360.89%

Starch (%) 66.35° | 61.857 | 64.23° 61.097 | 65.21™
pH of Cooked Noodles 8.25" | 8.20™ 8.88" 8.10™ 8.81°
Degree of Gelatinization,% | 96.55° | 97.00 | 97.75 99.85° | 98.36"
Acid Value (as KOH), mg/g | 0.86* [ 0.82® 0.79® 0.84° 0.85°

Sample A had higher ash content (2.70%) followed by C (2.25%), E (2.81%), B
(1.78%) and D (1.01%). The ash content depends on the quality of the flour and thus
corresponds to the higher mineral content. According to Miskelly (1996), ash levels should
be between 0.35% — 0.4% for high quality noodles [10]. The analysis showed that all
noodles samples had higher ash content than Miskelly reported. This variation might be due
to flour quality and use low grade ingredients that contained heavy metal. In our previous
study, we found that commercial brands noodles contain some heavy metals but safe level
[11].

The maximum fat content of noodles should be 2% [9]. The analysis showed that all
commercial brands had lower fat content than maximum limits. The higher protein content
was obtained in sample E (11.17%) among all commercial brands of noodles. Fu (2008)
studied on the protein content of noodles showed that the protein levels ranged from 8.5 to
12.5% [12]. The analysis showed that all noodles samples almost similar within the range
reported by Fu. But protein content of all noodles samples varied. This variation of protein
content might be due to the different classes of wheat and milling procedures used by the
various flour mills and use of ingredients in noodles that contained protein.

Hou (2001) expressed that noodles contained 0.05-0.50% crude fibre [13]. The
analysis showed that crude fibre content of all commercial brands of noodles was almost
similar within the range reported by Hou (2001). Total carbohydrate content was higher in
sample D (80.34%) among the other commercial brands of noodles. The higher energy
content obtained from sample D (370.53 Kcal/100g) due to higher carbohydrate content.
Sample A had higher starch content (66.35%).

The pH of commercial brands of noodles and one lab made noodles after cooking was
found in the range as 8.10—8.88 where highest pH was found 8.88 in sample C. Asenstorfer
et al. (2006) found that noodles are yellow in color due to the detachments of flavone-C-
diglycosides from starch under alkaline pH. The amount of pH increased the appearance of
the raw sheet and the cooked noodles grew darker [14]. From Figure 4 (b), the color of
Sample C was more yellow followed by sample E, A, B and D and from Table 2, the pH of
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Sample C was highest followed by sample E, A, B and D. So the relationship between pH
and color of noodles found similar that reported by Asenstorfer et al. (2006).

The degree of gelatinization of all commercial brands of noodles were obtained in the
range as 96.55-99.85%. According to BSTI (2001), the minimum requirements of degree
of gelatinization for noodles should be 80% [9]. The analysis showed that all commercial
brands of noodles had higher degree of gelatinization than minimum limits.

Acid value was found in the range as 0.79-0.86 mg/g where the reference values are
maximum 2mg/g prescribed in relevant BSTI standards [9]. The analysis showed that all
noodles samples had lower acid value than maximum limits.

Table 3
Microbial Profile of Noodles

Parameters (cfu/g) Noodles Samples

A B C D E

Total Plate Count | <10 | <10 | <10 | <10 | <10

Total Fungi Count | ND | ND | ND | ND | ND
Coliform Count ND | ND | ND | ND | ND
Bacillus cereus ND | ND | ND | ND | ND
Staphylococcal ND | ND | ND | ND | ND

Results are expressed as mean values of three replicates; ND — Not Detected

Microbial profile of noodles. The microbiological profile of the all commercial
brands of noodles along with control noodles are presented on Table 3.

Total plate count of the all commercial brands of noodles and control noodles was
observed to be below 10 cfu/g. Total fungi count, coliform count, Bacillus cereus and
staphylococcal were not detected in all commercial brands of noodles samples and control
noodles.

It indicates, noodles industries maintained good hygienic conditions during noodles
production according to GMP and there was no fecal contamination. But continuous
inspection should be needed for maintaining proper hygienic condition in noodles
production floor.

Cooking Characteristics of Noodles. Table 4 shows the mean values of the cooking
characteristics of commercial brands of noodles samples along with control noodles.

The optimum cooking time of all commercial brands of noodles samples were found in
this study ranged from 6 — 9 minutes. Sample A had higher cooking yield 484.62% because
of high amount of starch content among all commercial brand noodles samples (shown in
Table 2). The cooking yield varied for all noodles samples. This variation of cooking yield
might be due to flour quality, starch content, water holding capacity, water absorption rate
and use of ingredients for example gum that increase water holding capacity.

Cooking loss is undesirable and according to Wu et al. (1987), it should not exceed
10% [15]. From Table 4, sample C had higher cooking loss. The significantly lowest value
of the cooking loss occurred with all noodles samples than Wu et al. (1987) reported. The
differences observed in cooking loss might be due to fineness of granulation of flour and
starch damage used in noodles making and free lipids content in noodles.
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Table 4
Cooking Characteristics of Noodles
Noodles Cooking Cooking Cooking Water Moisture
Sample Time Yield (%) | Loss (%) Absorption content after
(Min.) (%) cooking (%)
A 6" 484.62° 6.11° 384.62° 84.36°
B 7% 388.64° 7.90™ 288.64™ 77.24%
C 9° 426.75™ 9.35% 326.75® 79.67%
D 7% 380.64° 5.30™ 280.64™ 77.09%
E 6" 481.02® 4.01° 381.02%" 80.83™

The water absorption for all noodles ranged from 280.64 — 384.62% where moisture
content varied from 77.09—84.36% and varied might be due to flour quality, starch content,
water holding capacity and use of ingredients for example gum that increase water holding
capacity.

The better cooking quality was observed in sample A, C and E noodles samples. But
the quality of sample B and D was also acceptable.

Sensory Assessment of Noodles

Descriptive Test. Figure 4 represents the Spider web plot of the sensory attributes of
brightness, smoothness, yellowness, whiteness and shininess of the all uncooked (a) and
cooked noodles (b).

The one way analysis of varience indicated that there was no significant difference
(p>0.05) in the brightness, smoothness and shininess except yellowness and whiteness of
the uncooked noodles (values are not shown but mean score was varied. In terms of
brightness, smoothness and shininess, the range of mean score was 2.86-3.86, 2.57-3.43
and 2.71-3.86 respectively. But sample C (3.86) was declared to be very yellow among the
noodle samples while Sample D had higher score (3.86) for whiteness.

For cooked noodles samples, there was significant difference (p<0.05) in the
smoothness, yellowness, whiteness and shininess except brightness examined (Figure 4(b)).
The range of mean scores for brightness was (3.00-3.71), smoothness (2.71-3.86),
yellowness (1.14-3.14), whiteness (1.57-3.86) and shininess (2.71-3.86).

Figure 4(c) represents the Spider web plot of the textural attributes according to
smoothness, softness, chewness and ease of swallowing of the all cooked noodles. The one
way analysis of varience indicated that there was no significant difference (p>0.05) in the
textural attributes according to smoothness, softness, chewness and ease of swallowing of
the all cooked noodles. The range of mean scores for smoothness was (3.14-3.86), softness
(2.86-3.71), chewiness (2.29-2.86) and ease of swallowing (2.71-3.71).

Preference Test. The means sensory liking scores for color, flavor, texture, taste and
overall acceptability of cooked noodle samples are shown in Table 5.
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Figure 4. Spider Web Plot on Sensory Descriptive Profiling of Noodles Samples
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Table 5
Mean Sensory Score of Noodle Samples
Sample *Mean Scores on sensory attributes
Color Flavor Texture Taste Overall
Acceptability

A 7.57+£0.68 | 7.60+0.67* 7.67 £ 7.63 +£0.99* 7.67 +£0.66*
0.99*

B 6.53+0.94° [ 6.77+1.01°| 680+ 6.97+0.96° | 6.80+0.96°
1.19°

C 7.27+£1.01* | 7.40£0.86% 7.60 £ 7.67 £1.24° 7.63 +£0.81%
0.97%

D 6.50+1.22° [ 657+1.06° | 693+ 6.60£0.93° | 6.63+0.85"
1.05°

E 7.63£0.81* | 7.80+0.55% 7.97 + 8.07 £0.74* 7.90 +0.85%
0.85%

LSD 0.4853 0.4277 0.5180 0.5043 0.4281
(p<0.05)

*Mean value + standard deviation (n = 30). Means with different superscripts within a column
are significantly different and the same superscripts do not significantly different (NSD) at p<0.05

The one-way analysis of variance indicated that there was significant difference
(p<0.05) in all the sensory attributes examined among all noodles samples. The range of
mean scores for color was (6.5-7.63). In term of flavor, sample E had the highest mean
score (7.8) followed by samples A (7.6) and C (7.4), while samples D (6.57) and B (6.77)
had acceptable but slightly lower score. There was no significant difference in texture
acceptability among samples A (7.67), C (7.60) and E (7.97). The range of mean score for
taste was (6.60—8.07). Based on the scores for overall acceptability, there was no significant
difference in overall acceptability among samples A (7.67) and C (7.63) over control
samples (7.90). Also sample B and D also got satisfactory overall acceptability score. All
the noodles samples obtained satisfactory score so they may be recommended as preferred
for consumption.

Conclusions

The assurance and protection of food quality has always been important to consumers.
Governments over many centuries have endeavored to provide for the safety and
wholesomeness of food by legal provisions. Though commercial brands of noodles samples
were varied in their quality characteristics but all noodles samples fulfilled the requirement
of Bangladesh Standards and Testing Institution (BSTI) standards. However, this study was
useful in differentiating the quality characteristics among the Commercial brands noodles.
So public perceptions to judge the quality and safety of commercial brands of noodles is
erroneous might be due to lack of familiarity to evaluate quality.
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Introduction. The paper deals with European Union
schemes of Protected Designation of Origin, Protected
Geographical Indication and Traditional Speciality
Guaranteed labels used in agricultural and food products
sector.

Materials and methods. Secondary data from the
Database of Origin and Registration are used. Sample
consists of 1,356 labels registered in this database to the
18th July 2016. The frequency of labels utilization is
analysed according to country, type of label, and product
classes.

Results and discussion. The task of the research is to
analyse the utilization of these labels in European Union
market according to selected criteria including type of label
registered in each country, and number of agricultural
products and foodstuffs registered as quality labels in total.
As results show, the highest number of product names is
registered under PDO label followed with slight difference
by PGI label. There are only minimum product names
registered as TSG. Dominating country is Italy followed
other Mediterranean countries like France, Spain, Portugal
and Greece. Based on product class, the most common
classes are Fruits, vegetables and cereals (for PGI, PDO),
Cheeses (PDO) and Meat products (TSG, PGI). This is
confirmed by Pearson’s chi-square test of independence in
order to determine if significant differences do exist
between frequency of using the labels and mentioned
criteria. It is confirmed weak dependence between number
of product names registered as PDO, PGI and TSG and
country of origin, middle strong dependence between type
of label and product classes where the label is used, and
strong dependence between country of origin and the most
often registered product class.

Conclusion. The PDO, PGI and TSG schemes bring
benefits to consumers as well as to producers. Consumers
are buying a product with specific value-adding qualities.

——Ukrainian Food Journal. 2016. Volume 5. Issue 3

579



Economics and Management ——

Introduction

The paper is focused on the specific problem area of so-called quality labels and
presents results of marketing research focused on analysis of using selected quality labels in
European Union (EU) agricultural and food products market. The production of food and
agricultural products is an important part of the European Union economy. European food
and beverages play a major role in the cultural identity of European citizens and regions.
High quality of European food is a key advantage for European agriculture. [1] Many food
and agricultural products exhibit special characteristics linked to their geographical area,
traditional composition or traditional production method.

An integral part of EU agricultural policy is an effort to improve food quality and
safety. Also consumers in EU countries show growing interest in the quality as well as
traditional products. This generates a demand for food and agricultural products with
identifiable specific characteristics, in particular those linked to their geographical origin.
Producers offering products with the value-adding attributes should communicate them on
the marketplace and highlight the characteristics of their products to consumers.
Agricultural product quality policy therefore should provide producers with the right tools
to better identify and promote such products and protect them against unfair practices. [2]
Protection of original and traditional food from the EU is not only an important factor in
preserving cultural and national traditions in the member states of the EU but also an
important dimension of marketing for producers, taking into consideration the consumers”
interest and confidence. [3]

In order to allow producers to use the added value of their products as effectively as
possible and to facilitate consumers’ choice of food products, since 1992, the EU has
established quality labels system known as Protected Designation of Origin (PDO),
Protected Geographical Indication (PGI) and Traditional Speciality Guaranteed (TSG) to
protect the names of these products ([4]; [2]). These three schemes have built on a long
history of regional and traditional specialities, especially in southern European countries.
[5] The image of the region of origin and the specific product characteristics create a unique
identity for food products bringing in this way added value. [6] The PDO, PGI and TSG
labels aim to provide consumers with clear information on the product origin or speciality
character, enabling them to make more informed purchases and the best possible choices.

[7]
Literature review

In the context of the topic, the terms “food quality” and “quality labels” are explained,
followed by the specification of surveyed labels PDO, PGI and TSG. Quality label is a term
for a symbol that can be put on a product or its packaging indicating that the product or the
process to make the product complies with given standards and that this compliance has
been certified. [8], [9] Quality labels guarantee compliance not only with current standards,
but also with additional quality criteria determined in a corresponding certification system.
A quality labels give added value to the products and are usually used in communication
with end consumers. [10] According to [1], quality labels are an ambiguous category that
covers many different things. They can be divided into obligatory (determined by legal
rules and compulsory for all products in a given product category) and voluntary labels
(bring competitive advantage for a product), into general (address all product quality
characteristics) and specific labels (focused only on particular quality characteristics), or
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into regional, national, international and global labels. They can cover quality, safety,
organic origin and other characteristics of product. [1], [8], [11], [12] More about influence
of quality labels on its regional distribution offers. [13], [14], [15] [16]

Food quality labels are determined to promote and protect food products and should be
a guarantee of quality products, their geographical origin, specific characteristics and/or
production methods. [8] They give a legal protection of a product against imitation
throughout the market and eliminate the misleading of consumers by non-genuine products,
which may be of inferior quality; they help producers obtain a premium price for their
authentic products, and finally they should give clearer information to consumers about
product characteristics and facilitate identification of food products with certified quality.
[17]

Following text is focused on EU quality labels scheme that identifies agricultural
products and foodstuffs farmed and produced to exacting specifications. It includes
Protected Designation of Origin (PDO) and Protected Geographical Indication (PGI) for
agricultural products and foodstuffs as well as for wine and spirits (there are different rules
for wine and spirits and they are not included in our analysis), and Traditional Speciality
Guaranteed (TSG) for agricultural farm products and foodstuffs. While a PDO covers
agricultural products and foodstuffs which are produced, processed and prepared in a given
geographical area using recognised know-how, a PGI indicates a link with the geographical
area in at least one of the stages of production, processing or preparation. The link with the
area is therefore stronger for PDO; PGI is a more flexible regulation. For PDO food
products, management conditions are regulated by very strict rules with the aim of
obtaining high quality process [18], the link with the area is stronger; PGI is a more flexible
regulation. A TSG highlights a product’s traditional character, either in the composition or
means of production. According to new Regulation on EU quality schemes for agricultural
products and foodstuffs entered into force in the beginning of 2013, in order to be
"traditional" proven usage on the market during at least 30 years (instead of 25) is now
required [2], [19], [20].

Material and methods

The main purpose of marketing research was to analyse the use of PDO, PGI and TSG
label registered in DOOR database for agricultural products and foodstuffs in EU market.
The DOOR database includes a list of product names (agricultural products and foodstuffs)
registered as PDO, PGI or TSG as well as names for which registration has been applied.
PDO and PGI cover also wine and spirits, however there are different rules for those
products (in particular Regulation (EC) No 1234/2007 for wines, Regulation (EEC) No
1601/91 for aromatized wine products, and Regulation (EC) No 110/2008 for spirits) and
they are not included in DOOR database as well as other products out of Regulation
1151/2012. [20] Geographical indications protected in the European Community for wines
originating in Member States and third countries are registered in E-BACCHUS database,
geographical indications for spirits are listed in E-SPIRIT-DRINKS database.

The DOOR database user can scan a list of product names registered as PDO, PGI or
TSG (generally or in selected country), product names can be also sorted according to
product classes. However, the user can always see just a list of products. Database does not
offer a summarized data and their comparison. Research studies dealing with the topic are
focusing only on partial aspects of quality labels like analysis of food products registered as
PDO, PGI and TSG in selected countries [3], [21], analysis of customer loyalty and buying
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intention for PDO label [22], consumer awareness and perception of labels [7], [23],
consumer behaviour [14], customer satisfaction [24], or impact of labels on customer
loyalty. [25] As criteria of analysis we set country of origin and type of label. Specific
research purposes were as follows:

To identify the frequency of PDO, PGI and TSG labels utilization, to compare using of
the labels according to EU countries and to compare using of the labels according to
product classes.

The secondary data from the Database of Origin and Registration (DOOR) database
were used. In July 2016, DOOR database includes total number of 1,514 items, but some of
them are on waiting list and there is not sure if they would be accepted. [16], [26] therefore,
in our analysis we have calculated with sample of registered items only, i.e. 1,356 items.
We have to notice, in database are not only European countries, but also China represented
with 10 own products certified with PDO and PGI labels, Thailand has three PGI labels,
Vietnam, Colombia, and India have one registered product name. In the analysis, we
proceeded descriptive statistics and contingency tables, where we tested relations with Chi-
square test.

Results and discussion
Research outcomes correspond with the date of 18™ July 2016, when 1,356 product

items certified with PGIL, PDO or TSG label were registered in the DOOR database. Sample
structure is presented in Table 1.

Table 1
Sample Characteristics (n = 1,356, in per cent), first 90% of cases
* Species, condiments, ciders, teas, etc.;
** eggs, honey, various milk products excluding butter etc.

Type PGI 45.05 | Country | Italy 20.90
of Label PDO 50.88 France 17.2

TSG 3.98 Spain 14.2
Product 1.6 Fruits, vegetables and 27.3 Portugal 10.0
Class cereals

1.3 Cheeses 17.3 Greece 7.6

1.2 Meat products 13.2 Germany 6.5

1.1 Fresh meat 11.4 United 44

Kingdom

1.5 Oils and fats 9.5 Poland 2.7

2.4 Bread, pastry, cakes, other | 5.5 Czech 2.1

baker’s wares Republic

1.8 Other products of Annex [* | 4.2 Slovenia 1.6

1.4 Other products of animal 33 Other 12.8

origin**

Other 9.25

As we can see in Table 1, the highest share has PDO label followed by PGI label.
Number of registered PGI (611, i.e. 45.05%) and PDO labels (691, i.e. 50.88%) is relatively
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balanced, with the slight predominance of PDO. There are only minimum product names
registered as TSG (54, i.e. 3.98%). Based on product class, the most of labels were awarded
for fruits, vegetables and cereals. The most frequently certified products come from Italy
(284 registered product names as PGI, PDO and TSG, i.e. 20.94% from all registered
product names).

Frequency of PGI, PDO and TSG labels according to country is based on the list of all
countries and product names registered in the DOOR database. The ranking of all countries
according to total number of registered product names as PGI, PDO and TSG was created,
see Table 2. Fields with the largest number of registered product names under PGI, PDO
and TSG are highlighted in grey colour.

Table 2
Numbers of product names registered as PGI, PDO and TSG according to countries
(n =1,356, in per cent)
* The Czech Republic and Slovakia has registered four the same product names as TSG.
Because of this duplicity, the sum of per cent for TSG is higher and also total sum of per cent is
higher than 100%.

Country PGI | PDO | TSG | Total

1. Italy 8.63 [ 12.17 | 0.15 20.94
2. France 9.88 | 7.23 | 0.07 17.18

3. Spain 649 | 745 | 0.29 14.23

4. Portugal 524 | 472 | 0.07 10.03

5. Greece 2.06 | 5.53 | 0.00 7.60

6. Germany 5.60 | 0.88 [ 0.00 6.49

7. United Kingdom | 2.43 | 1.77 | 0.22 4.42
8. Poland 147 | 0.59 | 0.66 2.73

9. Czech Republic | 1.70 [ 0.44 | 0.35 2.14
10. Slovenia 0.81 | 0.59 | 0.22 1.62
11. Belgium 0.74 | 0.22 | 0.37 1.33
12. Austria 044 | 0.66 | 0.07 1.18

13. Hungary 0.52 | 044 | 0.07 1.03
14. Netherlands 0.37 | 044 | 0.07 1.03
15. Slovakia 0.74 | 0.07 | 0.22 1.03

16. Finland 0.15 | 0.37 | 0.22 0.74
17. Lithuania 0.29 | 0.07 | 0.15 0.52
18. Sweden 022 | 0.15 | 0.15 0.52

19. Bulgaria 0.15 | 0.00 | 0.29 0.44
18. Denmark 0.44 | 0.00 | 0.00 0.44

19. Ireland 0.29 | 0.07 | 0.00 0.37
20. Latvia 0.07 | 0.07 | 0.22 0.37
21. Cyprus 0.29 | 0.00 | 0.00 0.29

22. Luxembourg 0.15 | 0.15 | 0.00 0.30
24. Romania 0.15 | 0.07 | 0.00 0.22
Total 50.96 | 45.06 | 3.69* | 100.35*
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As it is evident from Table 2, 24 from 27 EU member countries have registered their
product names as PGI, PDO or TSG in DOOR database. Malta and Estonia have not yet
used this type of protection. The first six countries of ranking in Table 2 (i.e. 22% of all EU
countries) have obtained PDO, PGI and TSG labels for 80% product names registered in
DOOR database (interestingly, the Pareto rule is shown here). The first three countries in
the ranking, Italy, France and Spain, then have more than 50% of all registered product
names. Italy has registered the highest number of product names as PDO; France is the first
in number of PGI labels. It is interesting, that most of TSG labels belong to countries in
weaker positions in the overall ranking, i.e. to Poland, Slovakia, Belgium and the Czech
Republic.

In order to discover reciprocal dependences of tracked characters, we proceeded Chi-
square test at significance level a = 0.05, when sig F = 0, and we can confirm variables
depend reciprocally. Thereby, we accept stated hypothesis about highest distribution of
labels in three Mediterranean countries, Italy, France and Spain. Reasons for this could be
well-known gastronomic specialities as well as national cuisine of these countries, which
have built on a long history and are popular around the world. Overall, these countries have
higher impact on global food marketplace, comparing with countries such Luxembourg,
Ireland and Lithuania, whose food products are not so popular in customers' minds.
Relations in the sample are described by Pearson contingency coefficient (0.520) and
Cramer's contingency coefficient (0.430), thus there is weak dependence between number
of product names registered in the database and country of origin. These two contingency
coefficients are the most basic measure of association between two nominal-level variables.
[27]

Comparison of selected EU countries according to numbers of product names
registered in the individual product classes.

In the last step of analysis, we compare EU countries by numbers of product names
registered in the individual product classes. We wanted to know which product class is the
most typical in each country. Because of too high number of items in the DOOR database,
we have decided to focus only on countries which have registered more than 15 product
names. This is ten first countries mentioned in Table 2 which have registered 87% (1180)
items as PGI, PDO and TSG (in July 2016).

The most common product class is 1.6 (Fruits, vegetables and cereals) which is
dominant in Italy, Spain, Greece and Poland. Portugal and Slovenia have the highest
number of registered products in class 1.2 (Meat products), France in class 1.1 (Fresh
meat), UK in class 1.3 (Cheeses). As we expected, the Czech Republic excels in class 2.1
(Beers). Germany is the only country represented in the class 2.2 (Mineral and spring
waters) and at the same time this product class is dominant for Germany.

In order to discover dependency between country of origin and the most often
registered product class, we proceeded Chi-square test at significance level a = 0.05, sig F
= 0 and we can confirm, there are dependencies between these variables. In the next step,
we measured tightness size between same variables with using of Pearson contingency
coefficient. Its value is 0.707, which means strong positive dependence between country
and the most often registered product class, i.e. each country has one important product
class in which the most of domestic products is registered. Similar to the analysis of labels
utilization by country of origin, we prove the most product types are registered in Italy,
France and Spain. The most likely explanation is importance of these national food
products at the global marketplace, where products like olive oils, cheeses, vegetable a fruit
products play important role.
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In the literature, PDOs, PGls and TSGs are usually modelled as a signal of high quality
in a vertical differentiation context. In some countries, importance of PDOs, PGIs and
TSGs is very high. For instance, in leading countries such France, Italy and Spain a high
share of wine is sold under PGIs and important factors for this are soil, climate and
traditional know-how, then there is a high importance of geographical location. There also
exists real impact on national economies because smaller producers of agricultural and food
products can benefit from well-established reputation of EU-wide known quality labels and
can manufacture products with added value and differ from their competitors. Furthermore,
it can affect positive impact on regional development in particular region in form of new
jobs.

Success of utilization of European Union quality schemes is influenced by perception
of quality in certain European countries. In southern Europe, customers willing to pay more
for acquiring a good from a particular origin [28], but in northern Europe quality is
associated more with a set of rules on safety, integrity, or conformity to industrial processes
and there is not needed to support traditional know-how of certain geographical origin.
Another case are French wines, which names are so well-known, that further geographical
protection is not needed, because there are well-promoted brands (for instance Chateau
Margaux, Georges Duboeuf, Mouton-Cadet).

The reason why countries such France, Italy and Spain dominate, is also long tradition
of protection their food products prior nowadays European Union Quality Schemes. For
instance, Roquefort, famous French cheese is protected since 15th century, when King
Charles VI granted a monopoly for producers in Roquefort-sur-Soulzon only. Perhaps
France has the biggest experiences with protection of certain food brands by organization
called Appellation d'origine controlee.

Conclusion

Presented paper deals with analysis of European Union quality labels scheme known as
PDO, PGI and TSG used in agricultural and food products sector. Data comes from the
DOOR database and for obtaining outcomes, statistical methods have been used. The main
contribution of the paper is a comprehensive view on the topic, the comparison of
summarized data according to selected criteria including country of origin, type of label and
product class, and statistical testing the relations between using of the labels and mentioned
criteria. As results show, the highest number of product names is registered under PDO
label followed with slight difference by PGI label. There is only minimum product names
registered as TSG. Dominating country is Italy followed other Mediterranean countries like
France, Spain, Portugal and Greece. The reason for this could be a long history of regional
and traditional specialities in these countries and a higher importance of these products
(such olive oil, cheeses, vegetable products and other) on the global marketplace. Based on
product class, the most common classes are Fruits, vegetables and cereals (for PGI, PDO),
Cheeses (PDO) and Meat products (TSG, PGI). In various countries dominate different
product classes, but most frequent are, in consistency with previous results, classes Fruits,
vegetables and cereals (Italy, Spain, Greece and Poland) and Meat products (Portugal and
Slovenia). Beer is the most typical product class in the Czech Republic. Statistic testing has
confirmed weak dependence between number of product names registered as PDO, PGI and
TSG and country of origin, middle strong dependence between type of label and product
classes where the label is used, and strong dependence between country of origin and the
most often registered product class.
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Original and traditional agricultural and food products can be perceived as an important
part of tradition and image of the region. The PDO, PGI and TSG schemes bring benefits to
consumers as well as to producers. Consumers are assured they are buying a genuine
product with specific value-adding qualities. Producers benefits lies in fair competition,
protection, and promotion of their products. To take full advantage of these benefits,
producers should communicate their products with the value-adding attributes and highlight
the specific character of their products to consumers, enabling them to make more informed
purchases and the best possible choices. The aim of the communication campaign should be
to build awareness, credibility and favourable perceptions about quality and distinctiveness
of PDO, PGI and TSG products, and to stimulate consumers’ interest in such products.
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KpuTepii Ta iIHIUKAaTH HOro CTaHy, SIKOCTI Ta MOXKIIMBOI (hasibcudikarii.

Marepianun i meronu. B jaHux nocimijpkeHHSX OyllM BUKOPUCTaHI J1BA METOAU
HEpYHHIBHOI'O KOHTPOJIIO MeIy — CIEKTPOCKOMis B ONWKHIM iH(ppadepBoHiH oOnacti
CIICKTpa 1 (IIyOpEeCIICHTHA CIIEKTPOCKOITis.

PesynbraTi i oOroBopeHHsi. XiMidHUN Ckiaj, (i3WM4HI BJIACTHBOCTI, OOTaHIYHE 1
reorpagiuHe MOXO/KEHHs, a TaKOX BiK MeIy TICHO IOB'si3aHi 3 HOro CHEKTpaJlbHUMHU
rapameTpamH, SKi MOXKyTh OyTH BHKOPHCTaHi SIK TAaKCOHOMIYHI KpuTepii abo iHauKaTopu
CTaHy, SIKOCTI MeJly Ta HOro MOXIIUBOI (ajbcudikariii.

[HTEHCHBHICTh CHEKTPIB MOTJIMHAHHSA OYJIO0 BUKOPUCTAHO SK KPHUTEPill TeorpadiaHoro
MOXO/KEHHsT 1 BiKy Meny. |HTEHCHBHICTh CHEKTPIB BHIIPOMIHIOBaHHS ()IyOpecleHIiT
3aJIOKHUTH BiJl TeorpadivHOro MOX0PKEHHS, BIKY W THITY METy.

JlocmimpKeHHsT BIUIMBY TEMIIEpAaTypyd Ha iHTCHCUBHICTH ()IyopecueHIii Meay JOBEeIo,
110 30UIBIIEHHST TEMIIEPaTypH BUKIMKAE 3MEHIICHHS IHTEHCUBHOCTI (uryopecueHii. bymna
BCTaHOBJIEHA KOpEsLisl (IyopecleHTHUX apaMeTpiB Meay 3 BMICTOM y HbOMY BOJIH.

CriexkTpu  BimOMBaHHA Meay B OmwkHIA  iH(padepBoHiM obOnacti cmekrpa
XapaKTepU3YIOThCA HASABHICTIO CMyT BimOuBaHHA npu 1779 uwm, 1933 mM 1 2290 HM;
BiJHOCHA IHTEHCHUBHICTh CMYT 3aJEXKHTh BiJ TUIly MeAy 1 BiKy 3pas3kiB. Bembmu
iHpOPMAaTHUBHUMH € CIIEKTPaJIbHI Mapamerpu Meay B OmmkHii iH(pauepBoHiil obmacti
CHEKTpa NpU HEpYHHIBHOMY BUSIBIIEHHI (anbcudikamii Memy.

BucnoBok. Metoau iH(ppadepBoHOI i PIyopeceHTHOI CHEeKTPOCKOMii MOXYThb OyTH
BUKODHCTaHI B TEXHOJOIl BUPOOHUIITBA MeAy SK HEpPYHHIBHI, IBHIKOAIIOYI 1 TOYHI
METO/IH JIIarHOCTUKU MEYy.

KarouoBi caoBa: wmeo, ceocpaghis, noxooocenns, saxicme,  @anrecugixayisi,
CNEeKMpPOCKONIAL.

CkJan i B1acCTHBOCTI YACTKOBO TiAPOJIi30BAHNX COHAIIHNKOBHUX OIJIKOBHUX i30JIMITiB

1 .o 1 2 1
Tamapa Hocenko', Banepiit Mank ', SpocnaBa XKykoBa“, AnpoHa UepcTBa
1 . o . o . e
Hayionanvnuii ynisepcumem xapyosux mexnonoeiu, Kuis, Yxpaina,
Incmumym npooosonvuux pecypcie HAAH Ykpainu, Kuis, Ykpaina

Beryn. YacTkoBuii (pepMEHTATUBHUM TiAPOJIi3 OUIKIB € 3araIbHOIPUHHITHM METOOM
Moaudikamii X QyHKIIOHAIBHUX BIACTHBOCTEH. Y CTaTTi NPENCTABICHO XapaKTEPUCTHKY
BJIACTHBOCTEH YaCTKOBO TiPOIi30BaHUX O1JIKIB, O/IEPXKAHUX 13 COHSIITHMUKOBOTO MIPOTY.
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Marepianu i meTomu. BijKy COHSITHUKOBOTrO MIPOTY eKCTparyBaiu npotsirom 40 xB
3a HasBHOCTI JIBOX IpOTea3, a came: HeHTpaJbHOI IpoTeasn 1 AJkana3u. 3pa3ku YacTKOBO
riponi3oBaHuX OiNKiB OynM ofep)KaHi IUIAXOM 130€JEKTPUYHOIO OCA/PKEHHS Ta
HACTYIIHOTO BHCYIIYBaHHsA. IlomimenTHIHUM Cckiaaa OiNKOBHUX 130JIATIB BHBYQIMA 32
JIOTTOMOTOI0  €JIeKTpoope3y B IMONIaKpUIAMIIHOMY Telli, BU3HAYEHO TaKOX iX CTYIiHb
TipoTi3y, aMiHOKMCIIOTHHH CKJIaJl, IOBEPXHEBY aKTHBHICTH 1 ()YHKIIOHAJIbHI BIACTHUBOCTI.

Pesyabratn i oOroBopennsi. B mnominentupHoMy mnpodimi OifKiB, 4acTKOBO
rizponizoBaHux oboMa mporeazamu, OynM BiJICYTHI BUCOKOMOJIEKYJSIPHI MOJIMENTHAM i3
MoOJIeKy/SIpHUMH Macamu 45-54 1 32-35 k/la. B Toit ke vac BoHM Oynu 30araucti
MOMINENTUAAMH 3 MOJIEKYSIpHUMHU Macamu 14—16 xJla Ta HIwKYHMU.

3pa3Ku YacTKOBO TiJPONI30BAHUX OLIKIB Majd BHIIUA BMICT OIJIKIB, HHXXKYHUH BMICT
30l Ta BYIJIEBOJIB IOPIBHAHO 13 KOHTPOJBHUM 3pa3koM. bionoriyHa IiHHICT
COHSITHUKOBUX OIIKOBHX 130M4TiB Oyiaa oOMeXeHa TpboMa aMiHOKHCIOTaMH —
CIPKOBMICHMMHU METHOHIHOM 1 IIMCTUHOM Ta JII3HHOM. BMiCT METiOHIHY, IUCTUHY Ta JII3HHY
301IbIIYBaBCsA Yy 3pa3kax OLIKIB, ONCPKaHUX 13 HEHTPAIbHOIO MPOTEa30r0, MOPIBHAHO 3
KOHTPOJIHUM 3Pa3KOM.

JudepeHuianbHO CKaHYIOUMI KaJOMETPUYHUI aHaii3 OUIKOBHX 3pa3KiB IOKa3aB, IIO
YaCTKOBO TiJpOJIi30BaHI 3pa3Kd MICTHJIM HEJSHAaTYpOBaHI OLJIKH, NpOTe iX CTYIiHb
JieHaTypalii OyB BUIMM HOPIBHSHO 3 KOHTPOJBEHUM 3pa3koM. YacTkoBuil Tifpodi3 OLIKiB
HACiHHSI COHSIIHUKY 30UIBIIYBaB 1X pO3UMHHICTH B Aiana3zoHi pH Bix 2 mo 8, Bomoro- ta
KUPOYTPUMYBAJIBHY 31aTHICTh, ITIHOYTBOPIOBAJIbHY, €MYJIBI'YBAIbHY 3JaTHICTH 1
TIOBEPXHEBY aKTUBHICTb.

BucHoBkH. 3pa3ku 4acTKOBO TipOIi30BaHMX OLIKIB MajlM BUINUKA BMICT Oisika, OLbII
cBiTIIe 3a0apBIIeHHsI, HIKYMI CTYIIHb JEHATypalii Ta Kpaml (yHKIiOHAIbHI BIACTUBOCTI
MIOPiBHSHO 3 TPAIULIHHUMU OLTKOBUMH 130JI1TaMHU.

KurouoBi ciioBa: consunux, 6i10k, izonim, 2ioponis, npomeasa.

JocimkeHHs] OPraHOJEeNTHYHAX BIACTHBOCTEN CMaKeHOro M’sica, 3acisHOro
3aKBacKow KyJabTypu Pediococcus acidilactici FLE07, i jgeTkux 3’€¢1HaHb, siKi
BILUIUBAIOTh HAa HOIO SIKiCTH

Omnycaryn A. Onaotie
Kadgheopa xapuoeoi nayku i mexnonoeii,
Vuisepcumem cinocoxoco eocnodapecmea «Mixaenv Oxnapay, Ymyoatix, Hicepis

Beryn. BukopucranHst Takux OiOJOTiYHHMX IIpenapaTiB, sK MOJIOYHOKHCTI OakTepii,
MOX€ MOKPAIIUTH OPTaHOJIENTUYHI BIACTUBOCTI CMaKEHUX M’ SICHUX MPOIYKTIB.

Marepianu i merogn. Cmaxenuit M’sicnuii npoaykr (Tsire) Oyno 3acisHo 6 MIH
KYO/r 3akBackoro kynbTypu Pediococcus acidilactici FLEQ7 (O3) 3 MeToro BCTaHOBIICHHS
KUJIBKOCTI JIETKUX 3’€JIHaHb, SKi CIPHYHMHSIOTH IICYBaHHS NPOTITOM YOTHPHOX JHIB
30epiranns 3a temrnepatypu 30 °C. SIk xoHTponmbHI Oynu oOpaHni He3acisHi 3pasku (H3)
cMakeHoro M’scHoro mnpoaykry (Tsire). Tepaa ¢aza MacoBoi eKCTpakilii  METOAOM
razoBoi  xpomatorpadii-mac-cnekrpomerpii  (TOME-I'XMC) Ta  nmerycramiiine
BUNIPOOYBaHHS 3a TEJOHIYHOIO INKaJIOK Oyay BHKOPUCTaHI /IS OLIHIOBAaHHS 3MIH Ta
OpraHOJIENTUYHUX SIKOCTEH MiJ| yac 30epiraHHsi.

Pesyabratn i o0roBopennsi. B rmomepenHiX excliepUMEHTax Uil BHPOOHHUIITBA
OpPraHIYHUX KHUCIOT OyJiM OIliHeHiI necsath mTamiB Pediococcus. HalOinmbIny KigbKiCTh
MOJIOUHOI KUCIOTH BHpoOmsitoTh 34 gacid/107KYO i P. acidilactici FLEO7, mo Oymn
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o0OpaHi sSK 3aKBacKa Ui 3acifOBaHHsA CMakeHOro M’scHoro mpoaykry (Tsire). Bymo
BU3HAYEHO, IIO [ITaM BHPOOJIsie OLTOBY KUCIOTY B KOHIIEHTpaIlii MeHmte, Hix 12 gacid/107
KYO. TOME-TXMC gocmikeHHS CMaXXEHOro M SICHOTO TMPOAYKTY MiATBEpANIH
HasIBHICTh 48 JIETKMX KOMIIOHEHTIB, a came: KeToHiB (35,42%), kucinor (8,33%), cnupriB
(25%), apoma/umkmiyanx (14,58%), azorHux 3’eauanb (16,67%), ki Oynu BU3HAYEHI i
yac 30epiranHs. JIeTki KOMIIOHEHTH BKJIIOYAld aleToH, 2-OyraHoH, 2,3-OyTaHmioH, 3-
riIpoKcH-2-0yTaHoH, 2-TeKCaHOH, 2-TeNTaHOH Ta |-TiPOKCH-2-TPONaHOH, BU3HAUEHI
cepell KETOHOBUX 3’€IHaHb, 3adikcOBaHMX Yy 3pa3kax M’sicHux npoaykriB (Tsire).
Joeneno 3Hauny piznuIo (p<0,05) Mik 3acCiTHUMH 1| KOHTPOJIBHUMH 3pa3KaMH M’SCHOTO
nponykry(O3 Ta H3). Byno BusBIEHO 3HWKEHHS JIETKMX 3’€JHaHb, IO IOB’S3aHO i3
ncyBaHHsaM. Tak, g rentaHany, l-okreH-3-omy, 3-MeTun-OyTaHOBOI —KHCIIOTH
KoHIeHTparis (Mr/r) ckiaia 0,57, 1,98, 0,93 Ta 1,39 BignoBigHo B 3acisHux 3pa3kax (O3)
nopiBusaHO 3 2,43, 3,21, 2,94 ta 2,94 mns HeoOcisHux 3paskiB (H3) Ha Tperiii 1cHs.
OpraHojenTu4Hi  AOCHI/KEHHS MiATBepAWwiIn kpamy ouinky (p<0,05) apomarty,
30BHILIHBOT'O BUIIISIAY, KOHCHCTEHIIIT, CMaKy Ta 3araibHux skocreit O3 nopiBHsHO i3 H3.

BucnoBku. Kynerypu Pediococcus acidilactici FLEO7 Ta iHmi 3akBacku MOXyTh OyTH
BUKOPHCTaHI Ul MOKpAIleHHs! OPraHOJIENTUYHUX MapaMeTpiB i JOCTYIHOCTI MPOIYKTY
HE3aJISKHO Bij THA BUPOOHHUITBA. TaKi JOCTIHKEHHS JJIsl CMa)XEHOTO M SICHOT'O MPOJIYKTY
MIPOBECHO BIEPIIIE.

KarouoBi ciioBa: v sico, epuns, Pediococcus acidilactici, ncyeéanns, opeanoienmuxa.

IigBuneHHs1 Xap4oBoi iHHOCTI 3epHa NUIAXOM 0i0JI0riYHOr0 AKTUBYBAHHS

Cgitiana baxaii-Kexepyn, Terssna PomaHoBcbka, Mapist AHTOHIOK
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

BeTyn. 3epHOBI IPOAYKTH € IKEPETIOM BYITIEBO/IB, O1NIKIB, MAKpO- 1 MIKpOEIEMEHTIB,
BiTaMiHIB, ()epMEHTIB, XapUOBUX BOJIOKOH, (pocdoimiaiB. [IpopoiryBaHHs 3epHa — OHUH i3
METO/IiB 010JIOTIYHOTO aKTHBYBAHHSL.

Marepianun i mMeromm. J{ocTiKEeHO 3epHO MIICHUIl, TPUTHKAJIE Ta TOJ03EPHOTO
BiBca. binok Bu3Hauanmm meromoM bpendopnaa, BMICT KpoXMaii — MOISIPUMETPHYHUM
MeronoM. JKHMp BH3HaYalMm METOAOM BHYEPITHOIO EKCTPAaryBaHHS XIMIYHO YHCTHM
rekcanoMm. Biraminun Bj, B,, B;, B¢ BusHauamu ¢uyopomerpuyno. Bitaminun PP i E
BU3HAYaTH KOJIOPUMETPUYHO. BusHaueHHs BiTamiHy C NpOBOAMINM THTPOMETPHYHHUM
METOJIOM.

Pesyabratn i o0roBopennsi. BayximBuUM 3aBJaHHSM ITATOTOBKHA CHUPOBHHH IS
BUPOOHMIITBA 03/I0POBYMX MPOIYKTIB € MiABUILEHHS 11 XapyoBOi Ta 010JI0T1YHOI HiHHOCTI.

Hamu 3aniponoHOBaHO peXXUM TiIpOTEPMIYHOI0 00POOJICHHS 3epHa 3a TemIiepaTypu 12
— 16 °C. 3a uux ymoB BigOyBaeTbcsl akTHBi3auis (PEPMEHTHOTO KOMILIEKCY, 3HW)KEHHS
TYCTHHH 3€pHAa Ta IIJBUINEHHA WOTr0 IUTOMOro 00'eMy; CHUHTE3 BITaMiHIB 1
BITaMiHOMOAIOHUX PEYOBHH.

VY mporeci 0i0J0r1YHOTO0 aKTUBYBaHHS 3epHA ITiJBUIIYETHCS 010I0CTYITHICTH O1TKOBUX
PEUYOBUH, BYIJIEBO/IB, )KUPY, 110 3yMOBJIEHO X YaCTKOBUM TipOJi30M.

JlocimimKeHo, o BMICT KITITKOBUHH, ITPUPOJHOIO Xap4oBOIO COPOEHTY B 010JIOriYHO
aKTMBOBAaHOMY 3€pHI IIIEHUIl, TOJO3EPHOMY BIBCI W TpUTHKaJNE CKIANa€, BiAMOBITHO,
2,68, 2,34, 2,62%.
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[Tix vac 3amporoHOBaHOTO OOpOOJIEHHS 3epHa MILIEHWUIN, TPUTHUKAJIE Ta TOJI03EPHOrO
BiBCa KUIBKICTh BiTaMiny C 30UIbIIyeThCS OLIBII SIK y JBa pasd. BmicT Tokodepois
3pOCTAE y JECATh pasiB, pyTHHY — Y 2,53 pa3u.

3arayibHa KUIBKICTh KOJIOHIEYTBOPIOBAJIBHUX OJHMHUIL Me30(iIbHUX aepoOHUX 1
(axynbTaTHBHO-aHAEPOOHMX MIKPOOPTaHi3MiB y HATHBHUX 1 BUCYIIEHHX 3pa3Kax 3epHa
michst TiAPOTEPMIYHOrO OOpOONEHHS 3HAXOJWTBCS Y MeEXaX HOPM, BCTaHOBJIEHHX
CTaHAapTaMH.

BucnoBku. OTpuMaHi pe3ylbTaTH MaloTh MIPaKTHYHE 3HAUEHHS, OCKUIBKH JI03BOJISIIOTH
PEKOMEHAYBaTH BUKOPHCTAaHHS OiOJIOTIYHO aKTHMBOBAHOI'O 3€pHA IIIICHHMII, TPUTHUKAIE,
TOJIO3EPHOT0 BiBca JJIsi BHPOOHHIITBA IPOAYKTIB O30POBYOrO, (DYHKIIOHAIBHOTO Ta
JKYBaJIbHO-TIPO(IIAKTHIHOTO IPU3HAYECHHSL.

Koarwouosi ciioBa: 3epro, akmugysanns, nuieHuys, mpumuxaie, osec.

MaJauHoOBI i 0:KMHOBI BUMABKM SIK NOTeHLiiTHe TAepesio 0i0JI0riYHO AKTUBHUX
pe4Y0BUH

Amna Kanymesnu, Ana Caneuy, PanoBan [Ixopmxesud, Mine BeniioBuy, Bikrop Henosuu
Kadgheopa xapuosux mexuonoziv i 6ioximii, paxyrvmem cilbCbK020 20CN00apcmea,
Benepaocvruii ynieepcumem, benepao, Cepbis

Beryn. TlpuumHOI0O [OCHIIKEHb MiABHIIEHHS MIHHOCTI TOOIYHUX MPOIYKTIB
BUPOOHMIITBA CTaB IHTEPEC JO OTPUMAaHHS MPOAYKTIB 13 KOPHUCHUMHU MIJIsI 370pOB’s
CHOXKMBAa4a BIIACTUBOCTSAMH. Y IIbOMY 3HAu€HHI MOOIYHI TPOAYKTH, SIKi OTPUMYIOTH Yy
mporeci 00poOKM (PYKTOBUX KYABTYP, € IIHHUM JOKEPEIOM OIlOJOTIYHO aKTHBHUX
PEUYOBHH.

Marepianu i MmeTonu. BuyaBku 3 MaquHM W O)KMHU OTPUMYBAJIX IICHS BiITITICHHS
coKy. B orpuMaHuMX moOiuyHHMX NpoaykTax (BUYaBKax) Oyny BH3HAYEHI 3arajbHUIl BMICT
¢enonpaux crnonyk (TPC) meromom Folin-Ciocalteu i 3araibHuii MOHOMEPHHUH BMICT
antoriadie (TAC) 3a pH nudepeHmiaabHUM METOAOM. AHTHOKCHIAHTHY AaKTHUBHICTh
BUYaBOK OIHIOBAIM 32 B3aEMOJIEI0 13 CTaOlIbHUMHU paaukanamu 1,1-qudenin-2-
nikpunriapazwry (JOII)

Pe3yabraTu i 06roBopennsi. MaiMHOBI BUYaBKU XapaKTEPU3YIOTHCSI 3HAYHO BHIIUM
3arajJpbHUM BMicToM (eHombHEX crioayk (10,1 mr/r) Ta aHroriaHiB (6 MI/T) MOpIBHSHO 3
oxuHoBuMH (8,2 Ta 3,6 wmr/r, BianowigHo). AxrtuBHicTh J®III' pamukaniB Oyma
OJTHAKOBOIO, 3 JIEII0 BUIIMMH 3HAUYEHHAMH Il MaIuHOBUX BH4aBok (11,7 umolTrolox/r),
Hik it oxuHoBUX (10,9 pumolTrolox/r). 3aranbHa cyMa pO3YMHHUX CYXHX pPEUYOBHH
cranoBmiIa 9,3 0BX y 3pa3ky 3 MAIMHOBUX BUYABOK, 1110 3HAYHO HIKYE, HIXK JJI O)KHMHOBHX
(14.5 oBx).

Jlani mocmiKeHHS CBiT4aTh Mpo Te, IO K MaJUHOBI, TaK 1 OKUHOBI BUYABKH, SKI €
BIIXOJaMU BHPOOHHUIITBA COKiB, MOXHa OyJ0 0 BHUKOPHUCTOBYBATH SK ICHICBE JKEPEIIO
010JIOT1YHO aKTUBHUX CIIONYK i3 CHJIBHOIO aHTHOKCHJIAHTHOIO aKTHUBHICTIO. TakuM YWHOM,
BUYaBKM [OIUJIBHO DO3IJISIIATA SK CHPOBUHY JJIsl BUPOOHMITBA IIHHHX O10JIOT1YHO
aKTHBHUX J00aBOK 1 HAaTypaJibHHX OapBHHKIB ITiJi 4ac PO3POOJICHHS HOBHX Xap4yOBHX
MPOIYKTIB 13 MiJIBUIIEHOIO LIiHHICTIO. JIOCTYNHICTh 1 HU3bKa BapTiCTh MOOIYHUX MIPOIYKTIiB
nepepoOKH QPYKTiB POOUTH iX MPUBAOIMBUMH ISl BAKOPHCTAHHS Y Xap4OBHX MPOIYKTaX 3
METOIO Mi/IBUIIIEHHS 010JIOTTYHHUX BiIacTUBOCTEH. DPYKTOBI BUMABKM MOJKHA 3aCTOCOBYBATH
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JUTs 30aravyeHHs pi3HUX TPOMYKTIB, TAKHX SAK XJIi000YIOYHI BHUPOOH, OICKBITH, TEUYHBO,

MaKapoHHI BHUPOOM, MOpPO3UBO, (PpyKTOBI Horyptu Tomo. OKpiM TOro, 3acTOCYBaHHS

€TaHOJy, BUKOPHUCTAHOTO y NAHOMY JOCITIDKEHHI JJIS eKCTpakKiii Oi0JOriYHO aKTHBHHUX

CTHONIYK, HEOOXiHO 3ifiCHIOBAaTH 3 YypaxyBaHHSIM BiJICOTKOBOI'O BMICTY OOpaHOro

PO3YMHHHMKA, CITiBBIHOLICHHS PiUHA/TBEp/ia peUYOBHUHA, TEMIIEPATYPH 1 Yacy eKCTPaKIIii.
BucnoBok. MannHOBI 1 0)KHHOBI BUYaBKH, OTPUMaHi B TPOIECi BUPOOHHIITBA COKIB,

€ I[IHHUM JKepeliaM TaKuX 010JI0riuHO aKTHBHHX CITOJNYK, K (DeHOIbHI aHTHOKCHIAHTH.
Karwuosi ciioBa: manuna, oscuna, suuasxku, bAP, anmuokcuoanm.

XimiuHuii cxirax epipHoi oii 3 nTamacbkoi Tpostaau (Rosa Damascena Mill.),
BUPOIIEHOI B HOBHX perionax boJrapii

Teonopa Atanacoa', Mupocnasa Kakamosa',
JIro6omup CTe(l)aHOBZ, Mas Ietkosa®, AnGena CrosiHoBa',
Cranka J{amsroBa’, Mukona Jlecuk’
1 — Vuisepcumem xapuosux mexnonoeitl, [lnosous, bonreapis
2 — Jlomoc Excnepm LTD, Ilnosous, boreapis
3 — Exonomiune 2ocnodapcmeo Jynas Ltd, Bioun, boreapis
4 — Pycencoxuil ynisepcumem «Aneen Kanuesy, ginisi 6 m. Pasepao, Boneapis
5 — Hayionanvnuil ynisepcumem xapuosux mexnonoeit, Kuie, Yxpaina

Beryn. Meroto JOCHIKEHHS € BH3HAUCHHS XIMIYHOrO cKiamy edipHoi omii 3
namackkoi TpostH (Rosa Damascena Mill.), BuporieHoi B HOBUX perionax bonrapii

Marepianu i metonu. [lemoctku TpostHam Oyim 3i0paHi B 2016 p. moonu3y M. Bigun
(miBHIUHO-3aXi1Ha Bosrapist) Ha crazii BiTiHHA B ABa nepioan — 10 TpaBHs (3pa3ok 1) i 26
TpaBHs (3pa3ok 2). XiMigyHMH CcKiIa] oJlii BU3HAYEHO METOIOM Xpomarorpadii.

PesyabraTu i odroBopennsi. Bonoricts pocnuH cranoBwia 82,70% (mist 3paska 1) i
79,04% (mns 3paska 2). Buxin ediphoi omii cranoBuB, Bimmorigao, 0,08% i 0,03%. B
edipHiii omii i3 3paskiB 1 1 2 Bu3HaueHO 39 kommoHeHTIB. [IBi rpymu 3'eaHaHp Oyno
BU3HAYEHO B TiJPOMUCTUIBOBAHIA TPOSHIOBIN edipHii ouii, IO XapaKTepH3yIOThCS 5K
Hocil Ta sk ¢ikcaropu 3amaxy. TepreHOBI CIHPTH € OCHOBHUMH KOMIIOHEHTaMH, SIKi
BIJIMOBIIAIOTh 3a XapaKTePHHM 3amaxX TPOSHAOBOI OJNii i CKJIAJaroTh OJMU3bKO 56% Bin
3araJlbHOi KIJBKOCTI 3a3HAYCHUX PEYOBMH. BHCOKMI BMICT repaHiony 3 KOMOIHAITIEIO
LUTpOHENONy, (aMmecorny i Hepony 3abe3reyye MIIHHH, CONIOIKWH, KBITKOBUH CBIXHN
PO3OIBITHIA XapaKTep BUPOOICHOT OTii.

Xpomatorpadiunuii mpodisib TPOSHIOBOI OJIii BUSBUB 3HAYHY KUIBKICTh ailihaTHUHUX
ByrieBoaHiB (31%), AKi € OCHOBHMMH KOMIIOHEHTAMH, IO BiJIIOBIAAalOTh 3a CTIHKICTh
3amaxy.

OcHoBHI 3'emHaHHs edipHux omidi Taki: B-mutponenon (30.24-31.15%); TpaHc-
repanion (20.62-21.24%), n-xeneikocan (8.79-9.05%), n-HoHanmekaH (8.51-8.77%),
HoHazekaH (4.42-4.55%) 1 dheninerwnoruit cnupt (4.04-4.16%).

BucnoBku. Edipna omnist 3 1amacbkoi TposiHAM, BIEpIIE OTPUMaHa B HOBOMY pETiOHI
Bonrapii, Mae BUCOKI TOKa3HUKH SIKOCTI 1 PEKOMEHYETHCS 10 MAaCOBOT'O BUPOOHHUIITBA.

KarouoBi ciioBa: mposinoa, egip, onis, ximis, boreapis.
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MosouHuii kup y popMyBaHHI CTPYKTYPH MOJIOYHHMX NPOAYKTIB

Oumnsbra Pubax
Tepnoninbcokuil HayionanvHull mexHiunui yHieepcumem imeni leana Ilymos,
Tepnoninw, Ykpaina

Beryn. Crarrs mpucBsiieHa BHBYECHHIO BIUIMBY MOJIOYHOTO JKHMPY Ha (opMyBaHHs
CTPYKTYpPH MOJIOYHHX IPOAYKTIB Ha OCHOBI OMyOJiKOBaHOI iH(opmarmii 3a ocTanHi 15
pokiB. KoHcHCTEHIIIsSI TPOAYKTY € OIHIE€I0 3 BaXKIMBUX XapaKTEPHCTHK, SIKI BH3HAYAIOTh
COPUHHATTS MOJIOYHOTO TPOAYKTY CIOXHBadyamH. [Ipu 1[bOMY KOHCHCTEHIISI €
OpPraHOJIENTUYHUM BiZOOpa)XEHHSAM CTPYKTYPH NPOIYKTIB, TOMY BCTaHOBIICHHS 1
HiATPUMAaHHS HEOOXiTHOI CTPYKTYpHM Mae€ BHpIIIAIbHE 3HAYEHHS s 3a0e3MedeHHs
BHCOKOI SIKOCTI TIPOAYKTY.

Marepianu i mMeromm. JIOCIiKEHO CTPYKTYpY Macia, CHPY, MOpPO3UBa, 30HMTHX
BepuikiB. [IpoBeneHo aHami3 HaykoBHX cTarei, aucepTauii i MOHorpadii BUEHHX HaHOI
raiy3i Haykd. MeTo/I0JI0risl TOCHiPKEHHS IPYHTYEThCSl HA BUKOPUCTaHHI METOAIB aHali3y,
TIOPiBHSIHHSA 1 y3araJbHEHHsL.

Pe3synbraTH i 00roBOpeHHs. Y MOJIOII Ta BEpIIKaX MOJIOYHHHA >XUp (opmye
EMYJIBCIIO <OKHP-BOJI@», ICHYIOUM Y BUIJISIII JKUPOBUX TJI00YJd, NMOKPUTHUX 3aXUCHUMHU
000IOHKaMHU. 3 TPaKTUYHOI TOYKH 30py MOJNOYHHHA JKHP € BKIMBUM CKJIaJJOBUM
KOMITOHEHTOM, OCKLUIBKH 3a0e3Ieuye XapakTepHi (i3UKo-XiMivHI, CTPYKTYpHI, OpraHOJNeNTHYHI
BJIACTHBOCTI MOJIOYHHX TPOIYKTIB, TAKHX SIK BEPIIKH, MACJIO, MOPO3UBO, 30HTi BEPIIKH, CHD.

JKupoBMicHI MPOAYKTH, HANIPUKIAJ, Macjio, SBISIOTH COOOI0 eMYIbCII0 THUIY «BOJa-
KHUP», SKa CKIQJAEThCI 3 KPUCTATI30BAHOTO MOJIOYHOTO JKUPY, IO BHKOHYE pOJb
JIUCIIEPCIHHOrO CepeOBUINA, B SKOMY IUCIIEPrOBaHi KPaIUIMHU BOJIOTH, HE3pYyHHOBaHI Ta
YaCTKOBO JiecTabiiizoBaHi kHUpoBi rio0ynu. [lepeBakaHHS y CTPYKTYpi Macia 3HaYHOL
KIUJIBKOCTI JIPIOHUX KPHCTAJIIB MOJOYHOTO JKUPY CIPUSE ITiABUIICHHIO HOTO TBEPAOCTI 1O
20% TOpPIBHIHO i3 MPOAYKTOM 3 HE3HAYHOI KIJBKICTIO KpPHCTali30BaHOro xupy. IIpore
HasBHICTh BEJIMKHX KpHUCTaJliB OOYMOBIIOE 3MiHYy KOHCHUCTEHIi, KpPUXKOCTI Ta
€JTACTUYHOCTI TPOIYKTY.

Jus GopmyBaHHSI cTaOLIBHOI CTPYKTYpH 30MTHX BEPIIKOBHX JECEPTIB i MOPO3MBa
HasIBHICTh MOJIOYHOTO JKHUPY TaKOX € HeoOXimHotw. [Ipu npoMy QopMyBaHHS CTPYKTYpH
3aJIOKUTh BiJl B3a€EMOJIi MiX >XHPOBHMH TIJIOOYJIaMH, IOBITPSHUMH OyJbpOamikamu Ta
KOMITOHEHTaMH Tu1a3MH (0co0IHBO Oinkamu). Y mporieci 30MBaHHs i OXOJIOKESHHS KHUPOBI
KYJIbKH YacTKOBO OO0 €IHYIOTBCA Ta aJCOpOYIOThCS Ha TMOBITPSHHX OynbOarkax,
MOKpHBaIO4M iXHI MoBepxHi. TakuM YMHOM BiZOyBaeThCs cTadimizallis HOBITPsSHOI (a3u.
OkpiM TOro, XHp Biflirpac Ba)XXJIMBY POJIb y 3a0e3MeueHi TBEpPIOCTI CTPYKTYPH MOpO3HBa
mig yac QpuzepyBaHHS, a OTXKE, W KOHCHCTEHIIii, 30BHIIIHBOIO BUINIAY 1 OMOPY 0
TaHEHHSI.

HasiBHICTH MOJIOYHOTO JXKHpPY Yy cupax OOyMOBJIEHa HEOOXiAHICTIO (hOpMYBaHHS
XapaKTepHUX CMAaKOBHX OCOOJIHMBOCTEH HBOro NpoaykTy. OKpiM TOro, rIo0yiyu MOJIOYHOT O
KUPY BIUIMBAIOTh HAa KOHCUCTEHINIO CHPY, MOM’SKIIYIOUM il YacTKOBMM pYHHYBaHHS
Ka3eTHOBOi MaTpHIi IIPOYKTY.

BucHoBok. Momno4HUit XU € HIHHAM KOMIIOHEHTOM 3aBJASKU NMPUEMHUM CMaKOBHUM
XapaKTepUCTUKaM, TOJI SIK 1HIII HOro BIACTUBOCTI YacTO NOTPEOYIOTh 3MiH JUIsl HAJIEKHOT'O
3aCTOCYBaHHS Y BUPOOHMIITBI Xap4OBHX MPOJYKTIB, 10, Y CBOIO Yepry, OMITHO BIUTHBAE
Ha (opMyBaHHS CTPYKTYpH MOJIOYHHMX MpPOJYKTiB, 30KpeMa Maciia, 30MTHX BEpUIKiB,
MOpO3HBA 1 CHDY.

Ku1i04oBi cinoBa: monoynuil scup, cmpykmypa, mMacio, MOpo3ugo, cup.
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Buxopucranns dioingopmaniiiHoro anaJizy i komn'rorepnoi mopdomerpii ais
BUBYEeHHSA Fusarium spp, siki BUKJINKAIOTH CYXy KAPTONJISIHY THWIb

. 1 . o -
Hanexna Xuninckas', FOmis Basaprosa', Anexcannp Illneiikin’
Jlronmuna IMemryk®, Oxer Tanenxo’

1 — Canxm-IlemepOyp3vKuti HayioHATLHO-0OCTIOHUL NOJIMEXHIYHU
yuigepcumem Ilempa Benuxozo
2 — Canxm-Ilemepbyp3vKuil HAYIOHAILHO-OOCAIOHUYLKUL YHIGEpCUMem IHGHOPMAYItHUX
mexuonozit, mexanixu ma onmuxu (Yuieepcumem ITMO)
3 — Hayionanvnuii ynisepcumem xapuosux mexnonoeit, Kuis, Yxpaina

Beryn. 3aBmaHHS JIOCTIIKCHHS — OIIHUTH MOXKJIUBICTH 3aCTOCYBAaHHS METOIIB
KOMIT'FoTepHOT MopdomeTpii 1 OioiH(OpMaIiHOrO aHai3y )ik BUBYCHHS PEAKTUBHHUX 3MIiH
KIIITHH TpubiB Fusarium spp., sIKi BUKIIUKAIOTh CYXY KapTOIUISIHY THUITb.

Marepianu i meTomau. [1yis mpoBeNeHHS TOCHIKEHb OyIu BimiOpaHi Oyap0M KapToILTi
copty «HeBchkuid» i3 30BHINIHIME O3HAKaMu (hy3apio3HOI Cyxoi rHiIi. BUBYEHO TpU 30HU
POCJIMHHOI TKAHHMHH KapTOIUITHUX OyJIbO: CIIEHTP KOHTaMIiHAIIi TUTICHIBUX TPHOIB POIY
Fusarium; TKaHWHUW, TPWICIJI O BOTHHUINA YPAKCHHS; TKAHMHHU 11032 30HOK OCEPEIKY
ypaxkeuns. [Ipenmapatu Fusarium spp. OTPUMYBald METOIOM «BIIOHTKa» 3 POCIMHHOL
TKaHWHHM, (hiKcoBaHI Mikpooprauizmu (apoyBanu 1% po3UMHOM METHUIEHOBOTO CHHBLOTO.
Mopdosoriyae TOCTiIKEHHS 1 KOMITIOTEpPHY MOP(HOMETPII0 MIKpPOOPTaHi3MiB MPOBOIMIN
npu 3arampHOMY 30imbInenHi x400 i x1000 mikpockomna "Micros" (Austria), mogens MS
100 (XP).

Pesynbratn i o6rosopeHHs. MopdoMeTpuyHi XapaKTePUCTHKA MaKPOKOHI N
Fusarium spp. (mioma, mepuMerp, IOBKHHA, KUIbKICTh) OTPHMAaHI 13 3aCTOCYBaHHIM
KOMITFOTEPHOI IporpaMu aHaiizaTopa 300paxens "Micros".

Ha migcraBi naHux Mop(hOMETpUIHOTO aHaIi3y KIITHH TPHOIB PO3POOJICHI alTOPUTM 1
KOMIT'IOTEpHA IIporpama JJjisi BUBUEHHS 010i1H(QOpPMALIHHNX XapaKTePUCTUK MaKpOKOHIIii
Fusarium spp.

JI71s1 BCTAaHOBJICHHS TEPMOIMHAMIYHOI PIBHOBArd KJIITHHHOI CUCTEMH OOYHMCITIOBAIUCS
Taki iHdopmamiiiai xapakrepuctuku: H — indopmariiiHa eHTpomis, IO XapaKTEpU3ye
CTYIHb YIOPSAKOBAHOCTI Oiocuctemu; Hp., — iHGOpMaIiiiHa €MHICTD, [0 XapaKTEpU3Ye
MaKCUMaJIbHy CTPYKTYPHY PI3HOMAHITHICTh OIOCHCTEMH 3 TaKHMMH, IO BTPATHIU
(yHKIIOHAJIBHUI B3a€MO3B'SI30K eneMeHTamu; R — koedimieHT HaaMipHOCTI (BiHOCHOT
oprasizaiiii 6iocucTemMu).

Jns mocmimkenux rpubiB poay Fusarium BUABIEHI HU3BKI 3HaYeHHsS iH(OpMAIiiHOT
earpomii H (0002) momo 3Hauens indopmariitnoi emuocTi Hp.y (0,5) Ha T miaBHIIEHHX
3HaueHb Koedimienta HamMmipHocTi R (99,40% — 99,69%), 1o XapaKTepu3yiOTh
YIIOPSIIKOBAHICTh 1 BUCOKUH PIBEHb BIJHOCHOI OpraHizailii B MiKpOOHHMX KIIITHHAX, IO
BpakaroTh Oynbp0OU kaproruti. L1 iHdopmarliiss Moke BKa3yBaTH Ha MaKCUMAaJIBHUHN CTYIIHBb
ajanTamii KITHH TapasuTylouux TpubiB poay Fusarium 10 yMOB iX OioleHO3Y 3
POCTUHHUMH KIITHHAMHA B TIpoIleci MIKpOOHOI KoHTamiHailii Oyap0 kaprorum. Crifg
OUiKyBaTH, IO B pa3i peakiii TrpubiB poay Fusarium Ha BIUIMB XIMIYHHX a00
OilonpenapatiB 3Ha4YcHHs iH(MopMaIlliiHoi eHTpomii H mHOBHHHI 3pocTath 10 3HAYCHB
iHdopmarriitnoi eMHOCTI Hp.g, @ 3HaYCHHS KoedilieHTa HaaMipHOCTI R — 3MeHIyBaTHCS.
3MiHM TOKa3HHKIB MOXHa Oyje TPaKTyBaTH SK PE3ylbTaT AC3IHTErpaiii CTPYKTYPHHX i
(yHKIIOHAJIBHUX 3B'A3KIB B KIITHHHIH crcTeMi rpubiB poxy Fusarium.
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BucHoBku. Metoj GioiHhopMaIliiiHOro aHaizy mpu MopGhOoIoriuHOMY HAOCIIHKEHHI
KITHH TpuOiB poxy Fusarium, MO BUKIHUKAIOTH CYXy KapTOIUIAHY THWJIb, MOXE OYTH
PEKOMEHIOBaHUH SIK TECT-CUCTEMH TIiJ1 Yac PO3pOOKH HOBHX BHJIIB ITPENapaTiB sl 3aXHUCTY
POCITHH.

KuntouoBi cioBa: Fusarium spp., kapmonis, cyxa eHulb, MOPHOMempudHUuLl anHais,
bioingopmamura, mecm-cucmema.

BupoOHHUTBO eTaHO1y 3 MPOAYKTIB NepepodKH KaBOBHX ILIOAIB

Omnigiep Xipsa, [nHOCeHT Xsiraxynry, Knement bitBaHcki
Pyanocokuii ynisepcumem, Kieani, Pyanoa

Beryn. IIpoBeneHo 10ciiHKEHHS 3 METOIO OLIIHKYA BUPOOHHIITBA €TAHONY 3 MPOIYKTIB
nepepoOKH KaBOBMICHOI CHPOBHHHU. SIK OCHOBHI KOMITOHEHTH BHKOPHCTAHO 30BHIIIHIO
00O0JIOHKY Ta M’SIKOTh IUIO/IIB KaBH.

Marepianu i Meromu. B mporieci JOCTIKEHHS CYCIO €KCTparyBajocs 3 KaBOBOI
000JIOHKH 1 M’SIKOTI Ta 30poKyBasiocs. BukopucTanHs ApLKIKIB OYIIO ONTHMi30BaHE 3
METOI0 30UIBIIEHHST KOHIEHTpAllii peayKyBalbHUX IIYKpiB. Y CBOIO 4epry, KHUCIOTHHN
TiIpoJi3 TNPU3BIB /10 TEPETBOPEHHS CKJIAIHHUX IOJiCaXapUIiB y IIPOCTI MOHOMEpPH.
HeBennka KUIBKICTh MENSCH Ta 3QJIMIIKIB OylMW BUKOPHCTaHI JUIS IiJCUICHHS OpOMiHHSL.
Cyxi apixmxi Saccharomyces cerevisiae Oynmu perijpoBaHi Ta JOIOBHEHI IOXUBHUMHU
pEeYOBUHAMM, SIKI TAKOXK OyJIM 30aradeHi a30TOM, MarHieM 1 ByTJIeIeM.

Pe3yabraTu i odroopennsi. CupoBuHa micis nepepoOku OpoiHHAM OyIa IeperHaHa.
3MiHa peAyKyBaJbHHX IIYKpiB B cyOcTaHmii mokasye Xin mporecy ¢epmenranii. [Iporec
OpOiHHS 3aKiHUYETHCS, KONM T'YCTHHA 3MEHIIYEThCs HMK4e 6%. Bussneno, mo mix vac
Iporecy OpOMIHHSA BMICT I[yKPYy 3MEHINYEThCS, IO OE3MOoCepeaHbO IIOB'I3aHO 3
e(ekTHBHICTIO OpomiHHA. 3 6,5 11 cycna OyJi0 BUTOTOBJICHO 2,3 71 €TaHONY 3 a0COIIOTHUM
obcsaroM 45 a0.% 1o, y cBoto depry, ckiamae 35,5 % Bim 3araapHOro oOcsAry cycia.
Ockinbku pH cycna mist 6posiaHs Oya0 oNTHMI30BaHO A0 4—5, pe3yabTaTH MOKa3yITh, M0
BUPOOHHULITBO €TAaHONy MOXKE 3IIMCHIOBATHCS 3 BHKOPUCTAHHSAM M SIKOTI IUIO/IB Ta
00OJIOHKH KaBH SIK NOAATKOBUX IPOMYKTIB, IO TPH3BEAE IO 3MEHILIECHHS 3a0pyAHEHHs
HUMH{ HaBKOJUIIHBOrO ceperoBumia. [lig wac mocmimkeHHs Oyno onTuMmizoBano pH i
TEMIIEpaTypHI pSKUMHU Ha HaJISKHOMY PiBHI ISl BCIX 3pa3KiB.

BucnoBku. IlepepoOka MOOIYHMX NPOAYKTIB (30BHIMIHBOI OOOJIOHKHM Ta M SIKOTI
IUTOJIB KaBH) B €TAHOJ MOJKE 301IBLIMTH MOTEHIial CHPOBUHHUX PECYPCIB MiIIPHEMCTB
LIJISIXOM BUPOOHUIITBA €TAHOMY.

KurouoBi ciioBa: xasa, niio, m’sixomos, cnupm, 6poodinns, Saccharomyces cerevisiae.

Oco001MBOCTI TeXHOJIOTII 3acTOCYBaHHA KaMe/ el 1JIsl CTBOPEHHS IreJIeBUX OCHOB

Hina Paituyk, Onena [Tomo6iit
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Meroto  JOCTIKEHHST € BHMBYEHHS TEXHOJNOTIYHUX, (I3UKO-XIMIUYHHX 1
PEOJIOTiUHUX BJIACTHBOCTEH TEIEBUX OCHOB Ha OCHOBI TiIPOKOJOIAIB IS ITOAAIBIIOL
PO3pOOKH XapuOBUX MPOAYKTIB reneBoi GopMu.
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Marepianu i metogu. O0’exToM mOCTiKCHHS 00paHO Kamims kcanTany (KKC),
kamizp ryapy (KI') ta kamins poxkoBoro aepesa (KP/I), a Takoxk reneBi OCHOBH 3 pi3HOIO
KOHIICHTPAIIIEI0 JaHUX TaTaKTOMaHaHIB. 3 METOI0 BUBYCHHSA TEXHOJOTIYHHX, (Ii3UKO-
XIMIYHHX 1 PEOJIOTIYHUX XapaKTEePHCTHK I'elIeBUX OCHOB OYJIO MPUTOTOBJIIEHO 3pPa3KH TelliB
3a TppoMa criocobamMu. BUBUEHHSI CTPYKTYpHO-MEXaHIYHUX BIIACTHBOCTEW MPOBOANIIOCH 3a
JIOTIOMOT'OI0 POTAIiHHOTO BiCKO3UMETpa.

Pesyabratn i o6roBopenHs. Jlocii/keHO BIUIMB KOHIIGHTpAIlii TeleyTBOpIoBaya,
TeMIepaTypd BOAM ¥ TPUBAIOCTI HAOyXaHHS Ha B SI3KICTh KOJIOIMHMX PO3YUHIB 1 Ha
TpaHWYHE HaNpyXeHHs 3CyBy. ['eneBi OCHOBW, NMPUTOTOBIIEHI 3a TphbOMa CIOCO0AMH, 3
00paHUMHU TiJPOKOIOITaAMHU BiTHOCATHCS JO0 CTPYKTYPOBAHUX CHCTEM.

Haii0inpie 3HaUCHHS BEIMYHMHM MaKCHMAaJIbHOI B’SA3KOCTI, IIIO Bi/IIOBIAE MPAKTHIHO
HE3pYHHOBAHIM CHUCTeMi, i1 3pa3KiB TeJIEeBUX OCHOB 13 KaMIiJJI0 KCaHTaHy,
MIPUTOTOBJICHUX 3a crocodoM 3, ckinamae 106,3 [Ma-c, i3 kaMenaro poXXKOBOro Jaepera - 1,97
[Ma-c, i3 kamemro ryapy - 17,7 Ila-c 3a xoHuenrpariii 1%.

Po3paxoBaHO CTPYKTYpHO-MEXaHIUHI XapaKTePUCTUKU. J[JIs1 KaMeli KCaHTaHy Ta ryapy
BEJIMYMHA HANPY)KEHHS 3CYBY € OUTBIIOI0 3a HYJIb, IO CBIAYUTH MPO TE, IO AOCIIHKYBaHI
3pa3KH € CTPYKTYPOBAHUMH TBEPJONOMIOHUMU TiamMu. [ 3paskiB 3 KaMedi POXKKOBOTO
JilepeBa BEJIMYMHA HANpPYXXEHHS 3CYBY JOPIBHIOE HYINIO, IO BKa3ye Ha Te, IO 1X MOXKHA
BIJIHECTH JIO MCEBIOILUIACTUYHOI piauHu. HaliOinpina quHaMidHAa MeKa 3JaTHOCTI JO Tedil
crocTepiragach y 3paskiB i3 KaMiJIi0 KCaHTaHy, IPUTOTOBJICHUX 3a criocodamu 2 Ta 3, i3
KaMeJJII0 POXKKOBOTO JiepeBa Ta r'yapy - 3a 1-M Ta 3-M crioco6amu 3 KoHIIeHTpalliew 1%.

[NopiBHSHHS PO3YHHIB TiPOKOJIOIIIB, OAEPKAHUX PIZHUMHU CIIOCOOAMU MPUTOTYBaHHS,
TIOKa3aJ1o0, 10 HAHOUIBII TOUUIEHIM € MMPUTOTYBAHHS I'eJliB 32 3-M CIOCOOOM, OCKIUIBKH 3a
IIUX YMOB B’SI3KiCTh PO3YHMHIB (3@ OJJHAKOBOI KOHIICHTpAIIIi I'eJICyTBOPIOBayYa) OyJia BUILOO,
a CTPYKTypa relito 0yia OiIbII OMHOPITHOO.

BucHoBkm. [[i1s1  BCiX  GKCIICGpUMEHTAIBHHMX  3pa3KiB  TEIiB  XapaKTepHHU
HEHBIOTOHIBCHKUI TICEBIOIIACTUYHHUH TUN Tewii. HalOinbln JOLINEHIM € MPUrOTYBaHHS
TeJiB 32 TPETIM CIIOCOOOM, SIKMH IMojisraB y HaOyxaHHI Tifpokoioiny mpotsiroM 40 xB y
BOII KIMHATHOI TeMmmeparypu, migirpii go 60 °C Ta oxonomkenHi. OnruManbHa
KOHIICHTpAIlis reneyrBoproBauis — 0,5%.

Karwu4oBi cioBa: peonocis, ecereymeopiogay, kameob, KCAHMAH, 2yap, POANCKOBe
depeso.

MexaHi3M aHTUMiKPOOHOI Ail pocTMHHUX aHTHOAKTepiaJbLHUX NpenapaTis

Hirmron Onktomn, leniz Kapa6itikoi
Taziocmannacexuil ynieepcumem, gaxyivmem iHdceHepil | HaMypaibHUX HAYK, Kageopa
xapuoeoi inoicenepii, Toxan, Typeuyuna

Beryn. MeToro 11b0ro JOCHIDKEHHS € 3iCHeHHS Oy iHGopMallii mpo MexaHi3M
Jii POCITUHHUX aHTHOAKTEpialbHUX MPENapariB, sKi MOKHA BUKOPUCTOBYBATH Y XapUOBHX
MIPOAYKTaX.

Marepianu i MmeTomu. Iy DOCTiIKEHHS BUKOPUCTAHO JIITEPATYpHI pKepesa i3 TaKHX
610miorpadiuaux 6a3 nanux: AGRICOLA, CAB Abstracts, EBSCO, FSTA, Global Health,
Google Scholar, Index Copernicus, PubMed, Scopus, TUBITAK ULAKBIM Life Sciences
Database, i Web of Science.

PesyabraTu i o6roBopennsi. Jlesxi ¢ppykToBi i OBOUEBI COKHM, TpaBH Ta cremii Oynu
BHUKOPHUCTaHI SIK PETySITOPH KHCIOTHOCTI W apoMaTH3aTOpu Ui TPaIUI[HUX CTpaB,
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canaTiB 1 3aKycokK. Yci IIi IPOAYKTH, a TaKOX X €KCTPAaKTH HMIUPOKO BUKOPHCTOBYIOTH B
Xap4oBil MMPOMHUCIIOBOCTI SIK MPUPOJHI aHTHOAKTepiaNbHI HpenapaTi. AHTHOAKTepialbHa
Jlisl TAKAX POCIHMHHI 100aBOK B OCHOBHOMY OOyMOBJICHa HAsIBHICTIO y HUX OpraHigyHHX
KUCIOT abo/Ta (eHONbHUX pedoBHH. OpraHiyHi KUCIOTH 1 (DEHONBHI PEYOBHHH, SIKI €
OCHOBHUMHM CIOIYKaMH Y POCIHMHAX, CHPUYUHIOIOTH iXHIO aHTHMIKpOOHY aKTHUBHICTb.
[Ipore BIUIMB aHTHUMIKPOOHOI'O KOMIIOHEHTa 3MIHIOETHCS 3 YPaxyBaHHSIM T'€HOTHILY,
CTPYKTYPH KJIITUHHOI OOOJIOHKH 1 BHX1JTHOI IOITYJIsIIii MiKpOOpPraHi3MiB, a MeXaHi3Mm il —
Bil cnocoOy Biq’€lHaHHS Ta MpPHENHAHHSA Y KIiTHHI. [HriOyroya nist pPOCIMHHHX
aHTHOaKTepiaJIbHUX TpenapaTiB Ha Pi3HI MiKPOOPTaHi3MHU JIOCHIDKyBajacss HEOJIHOPa30Bo.
Aue ¥ morerep HeMae YiTKOI'O PO3YMIiHHS MeXaHi3My iX Aii, 0 BUKIUKAE (QyHTIIUTHUNA
CTaTUYHHUU BIUIMB. BaskKIMBUM € BH3HAaueHHS OCOONMBOCTEW Hii IIbOIO MEXaHi3My, IO
JIACTh 3MOT'y 3pOOUTH HOTO JOCTYITHUM 1 PUHHSATHUAM JUIs1 IPOMHCIIOBOT'O 3aCTOCYBAHHSI.

BucnoBok. BuzHaueHHs ocoOIMBOCTEH /i MeXaHi3My aHTHOAaKTepialbHOI aKTUBHOCTI
€ HeoOXiTHUM sl TOro, 00 3poOUTH aHTUMIKPOOHI TpenapaTH JOCTYIHUMH JUIs
3aCTOCYBAaHHS Y Xap4OBiil IPOMHUCIOBOCTI.

KurouoBi ciioBa: anmumikpoonuil, pociuna, Kucioma, eHor.

Mpouecu i o6nagHaHHA Xxap4yoBUX BUPOGHULTB

TpuBuMipHa MoaeJb Tedil HCHHIOTOHIBCKOI PiIUHM B IPSIMOKYTHOMY KaHAJi

Enyapn Binerpkuii', Onena ITerpenko’, Jmutpo CeMeHiOK
1 — Xapxiecokuii mopeosenvHo-exonomivnul incmumym Kuiscbko2o Hayionanibnoz2o
MOpPe060-eKOHOMIYH020 YHigepcumemy, Xapkis, Yxpaina,
2 — XapkiecoKuil 0epaicasHull yHigepcumem xapuysants ma mopeieni, Xapkie, Yxkpaina

Beryn. 3anponoHOBaHO TPUBHMIPHY MaTeMaTH4HY MOJIENIb Tedil HEHBIOTOHIBCKOI
piAMHM 3 B'S3KICTIO, IO 3aJIEKHUTH BiJ MIBUAKOCTI 3pYIIEHHS B NPSAMOKYTHHX KaHajax
TEXHOJIOTIYHOI'0 00JIaTHAHHS Xap4OBOI MPOMHUCIIOBOCTI.

Marepianu i MeToqu. 3acTOCOBAaHO METOJI CYIEPITO3UIIIM, 110 TO3BOJISIE MOOYIyBaTH
TI0JIe TIO3I0BXKHBOI Te4il HEHBIOTOHIBCKOI PiZIMHY B PSIMOKYTHOMY KaHaJli TEXHOJIOTIYHOT'O
obnajHaHHS 31 CTIHKaMHM, IIO PYXalThCs, i B TaKWi CIOCIO BH3HAYMTH BEITMYMHU
IIBUJIKOCTI i THCKY B OyIb-sIKi¥ TOYIN yCepeauHi KaHay.

PesynbraTi i 06roBopeHHsi. OTpUMaHO MOEIH MO3J0BXHBOI TeUil HEHbIOTOHIBCKOI
piAMHM B IPSIMOKYTHOMY KaHaJi, Ha CTIHKaxX SIKOTO 3aaHi pi3Hi MO30BXHI MIBUAKOCTI. B
OCHOBY MOOYJIOBH IMOKJIa/ICHO PillIeHHS OJHOMIPHOTO 3aBJIaHHS IIPO KYETTiBChKY TEUil0 Y
kaHaisti. KoMnosuiiist Tedill y MIIMHHUX KaHallaX i3 B3a€MHO NMEPHEHANKYJISIPHIUMHU MapamMu
CTIHOK JI03BOJISIE OTPUMATH (POPMYITy BUTpATH Tedil, sIKa 3aJI0BOJIBHSIE MPUHIIMAI TPAHUYHOT
BIJIMOBITHOCTI M)XK TEWisIMH B NPSMOKYTHOMY Ta IIUIMHHOMY KaHajiax. [IporoHyerbcs
cnoci0 moOyMOBH MOJsSI IIBHIKOCTI, IO SIBJISE COOOK PO30MBKY KIHIIEBOTO IEPETHHY
KaHaly Ha JUISHKH 3 PI3HOIO 3aJISKHICTIO BiJi KOOpJMHAT TaK, IO HAa OJHHUX JUISHKaX
IIBUIKICTh 3aJIC)KUTh TIJIBKH BiJl ONHIET KOOpDAWHATH, a HA IHIIMX — TUIBKUA BiJX 1HIIOI
koopauHaTH. OTpUMaHO PIBHSHHS JIiHIH, IO PO3MEXOBYIOTH IIi IUISHKH Ta CHOCOOM
BU3HAYEHHS (OPMH PO3MEKYBAILHUX JIHIH.

BucnoBku. OtpuMani aHamiTH4HI (HOPMYNIU J03BOJISIOTh BU3HAYUTH MaKpOKIHETHYHI
XapaKTepUCTUKH B KOXHIH TOYIl KaHATy 3 JOBUIBHHUM DO3MOIIOM TPaHUYHHX
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IIBUIKOCTEH Teuil HCHBIOTOHIBCKHMX PIMUH, B'S3KICTh SIKMX 3aJICKHTh BiJl IIBHUAKOCTI

3pYLIEHHS.
KirouoBi ciioBa: nenviomoniscka piouna, Kyemm, meuis, peonoeis, mooesvb, KAHAL.

MopeJiroBaHHA PO0OTH TONKH 3 PeHHMPKYJISALIEI0 IPilOYUX ra3iB 1/ TYHeJbHOI
xJaidonexkapcbKoi neyi

Irop JIuToBueHko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. 3 Mmeroro mijBuiieHHsS €QEKTUBHOCTI pOOOTH JDPKEpeNl TEIUIOTH B TONKax
TYHEJIFHUX XJIIOOMEeKapChKUX Medyel AOCHiIKeHUH Mpolec PEelUpKYIAii B HUX IPIlOYNX
rasis.

Marepianu i meroam. 3actocoBana CAE-mporpama MozeiroBaHHS pyXy piIvH
FlowVision, npuHimn gii sSIKOT IPYHTYETHCS HA METOAI KIHIIEBHX €JIEMEHTIB Y pO3paxyHKY
Oyny BHUKOPUCTaHI PEOJIOTIYHI Ta KIHEMAaTW4HI MapaMeTpy rapsiuux rasiB, OTpUMaHi Mpu
MIPOBEICHHI PeabHUX MOJIEIBHUX €KCIIEPUMEHTIB.

PesynbraTi i 00roBopeHHsi. BcTaHOBJICHO, 110 PO3MOALT IIBUAKOCTSH MO JOBKHHI
TOIKHU IOJUIETHCS HA JIBi CTiMKI 001acTi: IO OCi TONKH Ta OijIs 30BHIIIHIX CTIHOK TOIIKH.
3MilnryBaHHS ra3iB IIOYHMHAETHCS B PO3MOALIBHIN KOPOOIIi.

TeMmrnepaTypa TasiB 0 LIEHTPY MOTOKY 3HKyeThes Bim 1900°C mo 600°C mpakTudHO
TI0 JIIHIHHIN 3aJIEKHOCTI.

Temmnepatypa ra3iB OiJIs CTIHOK TOITKH 3MIHIOETHCS 110 BCil JOBXKHHI TOIIKY B Jliarla30Hi
Big 260°C mo 360°C, 1110 MOACHIOETLCS CIa0KOI0 TYpOYIi3alli€o MOTOKY.

Ha i3ominisx oOiacTeld MaKCHMalbHOI JMCHINAINi KIHETHYHOI CHEprii Bia3HAYeHI
3aBHXpEHHS B JIBOX JIOKAIbHHX oOnactsx. Ilepma oOmacte — Kilblle HAaBKOJIO BUXOIY
MIPOAYKTIB 3TOPsIHHS 3 KaMmepu 3ropsiHHs. Jlpyra oOmacte — y 3BYxeHHI Torku. Bona
3HAXOJUTKLCS MIPU BUXO/II T'a31B y PO3MOALIBHUI KOPOO.

Brnepimie orpuMana Bi3yanbHa Ta 4uWcenbHa iH(pOpMalis, sKa BigoOpaxae, K
KOMOiHaIlisl MiICIIEBUX OIOpIB PI3HOTO THUIY B I'a30BOMY TpPAaKTi BIUIMBA€ Ha 3HAYEHHS
Kputepist PefiHonbica Ta Ha XapakTep pyxy Ipirouoro areHra.

3anpornoHoBaHo O00JagHATH TONKH IOMIOHOTO THUITY JOJATKOBUMH JIETAISIMHU —
KUIBIICBMMH  Imaii0amu. JloBemeHO, IO BOHM 3MIHIOIOTH HAIpsM IIOTOKIB TIas3iB
PEUMPKYJISALIT Tak, M0 BiAOYBAE€ThCS aKTHBHE iX MEPEMINTyBaHHS 3 MPOMYKTaMH 3TOPSHHS
IO BCiii JIOBXKUHI TOITKH.

BucnoBku. IlpoBeneHe KoMI'roTepHE MOENIOBaHHS pPOOOTH TOMKH JO3BOJHIIO
BUSBUTH Ta JIOKAJI3yBaTH HEJONIKM ICHYIOUoi 0a30BOi KOHCTPYKIII, a TaKoX
3aMpoOIOHYBATH CIIOCOOM MOJICPHI3allii IPUCTPOIO.

Kutio4oBi cinoBa: niu, mynens, monka, 2a3, HazpianHs, pPeyupKyiayis, 3MiUy6aHHs.
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ExoHoMiKka i ynpaBiHHA
CycnijibHe cIpUIiHATTA PiBHSA AKOCTI i 0e3nmeYHOCTi KoMepuiliHMX OpeHAIB JIOKIIUHA

Knaxis Cynrana )1>1<yTxil’3 , M. bypxan Vonin®
1 - ¢paxynemem xapuoeoi indcenepii, Yumaconecoxuil yHieepcumem emepunapii ma
meapunnuymea, Yumazone, banenadeus
2 — haxynbmem xapuosoi mexnonoeii ma nepepodroi npomuciosocmi, banenadecoruii
aepapnutl ynieepcumem, Mimvencinex, banenaoew.
3 — paxynomem Oiopynryionansroi nayku i mexnonoaii, Buwa wikona 6iocgeproi nayxu,
Xipocimcokuti ynisepcumem, Xipocima, Snonis

Beryn. CnioxuBadi craroTh OUTBII CBIJOMHMH IIOAO O€3MEKH 1  SIKOCTI XapuoBUX
mpoaykTiB. B acmekTi skocTi 1 O€3MeKH XapyoBHX MPOAYKTIB OyJIo TpOBeIeHE
JIOCITIJPKEHHS OLIIHKY SIKOCTI JGSTKUX KOMEpIIHNX OpeHiB OaHT1a1ecbKol JOKIINHH.

Marepianu i merogu. J{ocnipkeHHs IPOBOAMIOCH y ABa eTamd. Ha mepuiomy etari
3IIHCHEHO 3arajbHE OMWUTYBAHHS JJIsi BU3HAUCHHS OIIIHKM BiJHOIICHHS CIIO)KHBada [0
JIOKIINHY, SKE€ OXOIUTIOBAJIO HacelleHHs pi3HuX oOmacredi banrmagemy. CrnoknBadi
CTBEPJUKYIOTh, 11O BCI KOMIaHIi 3 BHPOOHHIITBA JIOKIIMHU (albCH(DIKYIOTh NPOLYKIiIO
IIJISIXOM BUKOPUCTaHHS OOPOLTHA HU3BKOT'O COPTY 1 LIKIUTMBUX XapuoBUX OAPBHHUKIB, SIKi €
HeOe3MeYHuMH sl 3710poB’s. Ha npyromy erami Ha MiCHEBHX PHHKAaxX BHOpaHO YOTHUPH
3pasku  (ipMOBHX OpeHAIB JIOKIIMHM JUIS OLIHKM XiIMIYHOTO CKJIaay, KyJiHapHHX
0COOJIMBOCTEH, MIKPOOHOTO MPOGIIIO 1 CEHCOPHOT OIIHKH.

PesyabraTu i 00roBopenHsi. 3pa3ky JIOKIIMHHU BiIiOpaHi B Aiana3oHi: BOJIOTICTh —
7,07-10,70%, 30m1a — 1,01-2,70%, sxup — 0,40-0,73%, cupuii npotein — 11,00-11,17%, cupa
kiitkoBuHa — 0,05-0,30%, 3aranpHuil BMicT BymieBoaiB — 74,19-80,34%, BMicT KpoxMaiio
- 61,09 -66,35%, pH — 8,15-8,88. Cryminb kielicrepusariii, KUCIOTHICTh 1 EHEPIreTUYHY
LiHHICT BiZiOpaHo B Aiama3oHi 96,55-99,85%, 0,79-0,85 mr/r i 344,52-370,53 kkan/100 r
BinoBinHO. MikpoOHMI Tpodisib TOKa3ye, M0 Ha MiJIPHEMCTBAX Taly3i MiATPUMYIOTHCS
HAJICXKHI TITIEHIYHI YMOBH il YaC BUPOOHMIITBA JIOKIIMHYU BiamoBimHo 10 GMP, Takox He
BUSIBJICHO OAHOI0 (peKaJbHOr0 3a0pyIHEHHs Ta Oy/Ab-sIKOI MiKpOOioIoriuHOi HeOe3MmeKH.
KyniHapHi XapakTepUCTHKH BCIX 3pa3KiB JIOKIIMHU PI3HOMaHITHI, OJHAK yCi MaroTh
NPUHHATHY SKicTh. BusiBieHo icToTHy BiamiaHIiCTH (p <0,05) B mIOpCKOCTI, >KOBTHU3HI,
Oimm3Hi i Oxmcky. Xoya ONHUCOBI OIHKH pI3HOMaHITHI, aje OTPUMaHi pe3ylbTaTh
3aJ10BiIbHI. BusiBieHo icrotHy BinminHICTS (p <0,05) y Bcix ceHcopHux aTpubyTax (koumip,
3amax, CMak, TeKCTypa 1 3arajbHa NPUHHATHICTE) cepe]] JIOKIIMHH, POTe AJIs BCIX 3pa3KiB
JIOKIINHY JOCSTHYTI 33JJOBLIbHI OIIHKH.

BucHoBkH. 3pa3ku TOProBeNbHUX MapOK JIOKIIWHU BiJIIOBiNAIOTh YHHHUM BHMOTaM.
OTKe, NPUITYLIEHHSI COKUBAYiB MI0JI0 KOMEPIIHHUX OpEeH/IiB JOKIIUHN € TOMHJIKOBUMH.

KurouoBi ciioBa: cnooicusay, nosedinka, 10OKWURA, XIMIKAM, MIKPOOP2AHIZM.

CucreMa IK0OCTi MapKyBaHb Xap40BHUX NPOAYKTIB Yy €Bponeiicbkomy Coro3i

Tomam Caninex
Vuisepcumem exonomixu, m. I[Ipaeca, Pecnybnixa Yexis

Beryn. YV crarTi posmisgarotees Mozeni €Bporeiickkoro Coro3y HIONO 3aXUCTY
MO3HAYEHHSI MMOXOJPKEHHS, reorpagivuHol NMPHHAJIEKHOCTI ¥ TapaHTYBaHHS TpPaAWIIHHIX
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0COOJIMBOCTEH MapKyBaHb, SIKI BHKOPHCTOBYIOTHCS B CUJIbCBKOMY TOCIONApPCTBI Ta
Xap4oBiH MPOAYKIIii.

Marepianu i MeTogu. BukopucraHo BTOpUHHI JlaHi 3 6231 JaHHUX MPO TOXOHKEHHS
Ta peecTpamito. 3pa3ok ckiaanascsa 3 1356 MapkyBaHb (ETHKETOK), 3apCECTPOBAHUX Y IH
6a3i mo 18 ymmust 2016 poky. Yacrora BHKOpHCTaHHS MapKyBaHb aHamidyBajlacs 3
ypaxyBaHHSM KpaiHU, TUITy MapKyBaHHs 1 KJIACIB ITPOIYKTIB.

PesyabraT i o0roBopenHsi. 3aBJaHHIM JOCITI/DKEHHS € aHalli3 BUKOPUCTAHHS
BKa3aHUX MapKyBaHb Ha pUHKY €Bporericbkoro Coo3y BiAMOBITHO 10 00paHUX KPUTEPIiB,
SKi BKJIIOYAIOTh THUII MapKyBaHHS, 3apeecTpOBAaHOrO B KOXHIM KpaiHi, KiJIbKICTh
CIJIBCHKOTOCIIOAPCHKOI MPOYKIIi Ta MPOMOBOJIBUMX TOBAPIB, 3apEECTPOBAHUX SIK SIKIiCHI
€TUKETKH B ILJoMY. SIK MOKa3yloTh pe3yibTaTH, HalOUIbIy KUIBKICTh Ha3B HPOIYKTIB
3apeecTpoBaHo 3 MapkyBaHHsIM PDO, 3 HeBenukoro pisuuieo — 3 MapkyBaHHsMm PGI.
Jlume miHiMyM mpoaykTiB 3apeectpoBati sik TSG. Jlominyrouoro kpainoro € Itamis, nasmi
WayTh iHII cepen3eMHOMOpCHKi Kpainu — @panuis, Icnanis, [opryramis ta [penis. 1o
CTOCYETBhCS KJIACy MPOAYKTY, TO HAWOLIBII MOIIMPEHUMH KiacaMu € (pPyKTH, OBOYi 1
3eproBi (s PGI, PDO), cupu (PDO) i m’sichi npoaykru (TSG, PGI), mo miarBepmkye
aHayli3 KBajpara KpHUTepiiB He3asexxHocTi [lipcoHa s BU3HAYEHHS CYTTEBHX
BiIMIHHOCTEHl MiX 4YacTOTOIO BHMKOPHCTaHHS MapKyBaHb 1 3raJaHuX KpUTEpiiB.
[TiaTBepmKeHO CnaOKy 3aJeXHICTh MIX KUIBKICTIO Ha3B NPOAYKTIB, 3apEECTPOBAHUX SIK
PDO, PGI i TSG, Ta kpaiHOI HOXOKEHHS, CEPEIHIO 3aIEKHICTh MiXK TUIIOM MapKyBaHb i
KJIaCOM MPOJYKIIil, e BAKOPUCTOBYETHCS MapKyBaHH:I, i 3HAUHY 3aJIEKHICTh MK KpaiHOIO
TIOXO/KEHHSI 1 KJIaCOM TPOAYKTY, SIKUI PEECTPYETHCS HalvacTIIIe.

Bucaook. PDO, PGI i TSG cxeMu KOpPHUCHI SK JUIs CIIOKMBAdYiB, TaK 1 JUIs
BupoOHHKKiB. CIIo)XHBadi KynyIOTh MPOIYKT 3 IEBHUMU SIKOCTSMH JIOAAHOI BAPTOCTI.

KurouoBi cnoBa: maprysanns, sikicms, 6aza danux, DOOR, €C, ixca.
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AHHOTAIIMU

NMuuieBble TEXHONOrMn

CrieKTpocKONMMYeCKHii aHATH3 MeJa

IOpuit [locynun
Hayuonanwnvwiii ynueepcumem duopecypcos u npupooonoasb308anus Yxpauml,
Kues, Yxpauna

Beenenune. OCHOBHOHM 1eNbIO JaHHOW pPaOOTHI SIBISIETCS HCCIEAOBAHUE CBS3U
XMMHUYECKOTO COCTaBa, (PU3NYECKHX CBOWCTB, OOTAHWYECKOTO M Treorpauyeckoro
MIPOUCXOXKIEHHS, a TaKKe BO3pacTa Mela C €ro CIEeKTPaIbHBIMHU MapaMeTpaMu, KOTOphIe
MOT'YT OBITH HCIIOJIb30BaHBl B KauyeCTBE TAKCOHOMHYECKHX KPUTEPUEB M WHIUKATOPOB
COCTOSIHHMSI, KAUeCTBA M BOZMOXHOU (hasibCU(UKALIUH .

Matepuanbl 1 MeTOABI. B TaHHBIX MCCIIENOBaHUSX OBUTH MCIIOIH30BAHbI Ba METO/A
Hepa3pyLIaloNIero KOHTPOIS Me/ia — CIIEKTPOCKONHS B OJNMKHEH MH(pakpacHOi obnacTu
creKTpa U (payopecieHTHas! CIEKTPOCKOITHSL.

Pesyabratel u ofcy:xkaenme. XHUMHYECKHH cOCTaB, (DU3WUECKHE CBOWCTBa,
OoTaHHYECKOE U reorpaduueckoe MpOUCXMKICHUE, a TAKKE BO3PACT MeJla TECHO CBSI3aHbI C
€ro CIEeKTPAIbHBIMH TapaMeTpaMy, KOTOpbIE MOTYT OBITh HCIIOJIb30BaHBI B KauyecTBE
TAKCOHOMHYECKHX KPHUTEPUEB WIM HWHIUKATOPOB COCTOSIHUS, KayecTBa Mela U €ro
BO3MOXKHOH (hanbcudukanmm.

VIHTEHCHBHOCTh ~ CHEKTPOB  MOIJIOUIEHWS  KCIOJB30BAJIACh ~ KaK  KPUTEpPHd
reorpapuyeckoro NPOUCXOXKACHHS U BO3pacTa Mena. VIHTEeHCHBHOCTB CIIEKTPOB U3JTy4EHUS
(ryopecueHINH 3aBUCHT OT reorpauueckoro NpoOUCXOXKICHHs, BO3pacTa U TUIIa MeJa.

HccnenoBanve BIHMSHHUS TEMIIEPaTypbl Ha WHTEHCHUBHOCTH (DIYOpECHEHIMH Mena
MOKa3ajo, YTO YBEIWYEHHE TEMIIEPaTyphl BbHI3bIBAET YMEHBIIEHHE WHTEHCUBHOCTH
¢ryopecuennmy. bpina ycraHOBiIeHa KOppemsus (IIyopecleHTHBIX MapaMeTpoB Mena C
coJIep’KaHHEM B HEM BOJIbI.

CrekTpbl OTpakeHMsS Meda B OmmkHed WH(PpPaKpacHOH o00JIacTH  CIIEeKTpa
XapaKTEPU3YIOTCS HaJuuueM Mojioc oTpaxkeHus mpu 1779 um, 1933 um u 2290 Hwm;
OTHOCHTENbHAsi MHTEHCUBHOCTh MOJIOC 3aBUCUT OT THIIAa MeAa M BO3pacTa oOpaslioB.
Becbma WHQOpMATUBHBIMH SIBJISIFOTCSI CIIEKTPAJIbHBIE TapaMeTphl Meaa B OJMKHeH
nHppakpacHOW 00JIaCTH CIIEKTpa MpU Hepa3pylIaloNieM BbISBICHUH (anbcudukamu
Mena.

3akmouenne. Metonsl MHpaKpacHOW U (PIyOpECHEHTHON CIIEKTPOCKOIUH MOTYT
ObITh HCHOJNB30BaHBI B TEXHOJOTHMH TPOW3BOJICTBA Melda Kak Hepaspyllarollue,
OBICTPOJEHCTBYIOIINE U TOYHBIE METO/IbI TUArHOCTUKU MEJa.

KiroueBble ciaoBa: meo, eeozpadus, npoucxoxncoeHue, Kaiecmeo, Parbcugpuxkayus,
CNeKmpOoCKONusL.

CocTaB ¥ CBOIiCTBA YACTUYHO THAPOJIU3UPOBAHHBIX MOACOTHECYHBIX 0€JIKOBBIX
H30JI1TOB

1 o 1 2 1
Tamapa Hocenko', Banepuit Mank ', SIpocnaBa XKykoBa“, Anena Uepcrpas
1 “ o
Hayuonanvnuii ynugepcumem nuujesvix mexvonozui, Kues, Yxpauna,

Unemumym npodosonscmeennvix pecypcos HAAH Vipaunwl, Kues, Vipauna

601

——Ukrainian Food Journal. 2016. Volume 5. Issue 3



—— Abstracts

Brenenune. YacTuuHblli (hepMEHTATUBHBINA THAPONIN3 OCIIKOB SIBIIICTCS OOIICTIPHHSATHIM
METOZIOM MOTU(HKAIMU WX (YHKIHOHAIBHBIX CBOWCTB. B maHHOW pa®oTe mpencTaBiicHa
XapaKTEPUCTHKA CBOMCTB YaCTHYHO THAPOIM3HPOBAHHBIX OCJIKOB, IIONYYCHHBIX H3
MIOJICOTTHEYHOT 0 LIPOTA.

Marepuanbl 4 MeTOAbI. belKu MOJICOTHEUHOTO MPOTa SKCTparupoBayiv B reuenun 40
MHUH B TPUCYTCTBHM JBYX NpOTe€a3, a MMEHHO: HEHTpajabHOM MpoTeasbl W AJKalasbl.
OO0pasnbl  YaCTUYHO  THIPOJNM3MPOBAHHBIX  OCTKOB ~ OBUIM  TIONIYYEHBI  IIyTEM
H30DJIEKTPUUECKOT0 OCAXICHHUS U TTOCTEAYIONIEr0 BhICYUBaHus. [loqunenTuaabiid cocTaB
OENKOBBIX HM30JISITOB U3y4alll C MOMOIIbI0 3JEKTpodope3a B IMOJUAKPHIAMHIHOM TIeje,
OMpeJieNieH TakKe WX CTENeHb THAPOSN3a, AMHHOKUCIOTHBIM COCTaB, MOBEPXHOCTHAS
AKTUBHOCTh M (DYHKIIMOHAJIBHBIC CBOMCTRA.

Pesynbratel m o0cy:xknenme. B monumentuaHOM mpodmie OENKOB, YaCTHYHO
THIPOJIM30BAHHBIX C IOMOINBI0 O0EUX TMpOTea3s, OTCYTBOBAJIU BBICOKOMOJICKYIISIPHBIC
MTOJTUIICTITUIBI C MOJICKYJIIpHBIMU Maccamu 45—54 1 32-35 k/la. B To >xe BpeMs oHU ObLIU
oOoraiieHp! MOTHITEITHIAMH ¢ MOJICKYJIIPHBIMU MaccamMu 14—16 k/la u Hike.

OO0pa3ipbl YaCTHYHO THAPOIU3UPOBAHHBIX OEIKOB MMeNH 0oJiee BHICOKOE COZEpIKaHHUE
Oenka, HU3IEE COZEp)KAHUE 30JIbI M YIJIEBOJOB B CPABHEHUH C KOHTPOJLHBIM OOPa3IIOM.
Buonoruueckas IIEHHOCTh MOJCONTHEYHBIX OCIKOBBIX HM30JIATOB OblIa OTpaHUYCHA TPEMs
aMHHOKHUCIIOTAMH — CEpPOCOJEpkKAIIMMU METHOHUHOM M IIMUCTUHOM, a TaKXKe JIM3HHOM.
ConepkaHre METHOHHMHA, ITUCTHHA W JM3UHA YBEIMYHUBAJIOCH B 00pa3Iax, MOJYyYCHHBIX C
HEWTpaIbHOMN MPOTEa30l, OTHOCUTEIHFHO KOHTPOJIBHOTO 00pasia.

JubdepeHnnanbHO CKaHUPYIONIUH KaJOMETPUUCCKUN aHaNIU3 OEIKOBBIX 00pa3IoB
IOKa3aJl, YTO YaCTHYHO THUAPOIM3MPOBAHHBIC 00Pa3Ilbl COMEPKAIN HEICHATYPUPOBAHHBIE
Oenky, HO CTENeHb JeHaTypaluu Oy BHIIIE OTHOCHTEIBHO KOHTPOJBHOrO 00pasia
YacTUuHBIA TUAPOIU3 OCIKOB CEMSH IOACONHCYHUKA YBEIUYMBAI MX PACTBOPUMOCTH B
muarmazone pH or 2 mo 8§, Bmaro- W KHPOYIEPXKHMBAIOIIYIO  CIIOCOOHOCTH,
MIEHO00Pa30BaTENbHYIO, SMYIIBIHPYIONIYIO CIIOCOOHOCTH U MOBEPXHOCTHYIO aKTUBHOCTb.

BoiBoapl. OOpasmbl YacTHYHO THUAPOJU3UPOBAHHBIX OCIKOB HMENH BHUCIIEE
conepkanue Oenka, Oojiee CBETJIBIM LBET, HU3IIYIO CTEIICHb MCHATYPAIUU M YAy4IlIeHHBIC
(YHKIIMOHAJIBHBIC CBOMCTBA B CPABHEHHH C TPATUIIMOHHBIMH OCIIKOBBIMH H30JIATAMHU.

KiroueBble ciI0Ba: nodconneunuk, OeioK, uzojsam, 2uopous, npomeasd.

HccnenoBanue opraHojienTHYECKUX CBOMCTB KAPEHOT0 Msica, 00ceMeHeHHOT 0
3aKBacKoi KyJIbTypsl Pediococcus acidilactici FLE07, n JieTy4ux coeTHHEHUI,
BJIUSIIOLIMX HA €r0 KAaYeCTBO

Omnycaryn A. Onaotie
Kageopa nuwesoii nayxu u mexnonoauu,
Yuueepcumem cenvckoeo xoszsiicmea «Muxasno Oxnapay, Ymyoaik, Hueepus

Brenenue. cnonp3oBanue Takux OMOJOTMYECKHX IMPENapaToOB, KAK MOJOYHOKHUCIIBIE
0aKTepHH, MOXKET YIYUIIUTh OPraHONENTHIECKUE CBOMCTBA )KaPEHBIX MICHBIX MPOIYKTOB.

Matepuanbl u MeToasl. XKapeHslid MsicHol nipoaykT (Tsire) Obur oOcemeHeH 6 MIH
KOE/r 3akBackoii kynbTypsl Pediococcus acidilactici FLEQ7 (OO) ¢ nenbio onpeneneHus
KOJIMYECTBA JIETYYUX COCIMHEHHH, KOTOpHIE BBI3BIBAIOT MOPYY B TEUEHHU YETHIPEX IHEW
xpaneHuss npu Temneparype 30 °C. B kauecTBe KOHTPOJBHBIX OBUIM H30paHbI
HeoOcemeHenHble 00pa3upl (HO) sxapenoro msicaoro mpoaykra (Tsire). TBeppas ¢asa
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MacCOBOH HKCTPaKIMU METOAOM Ta3oBoi xpomatorpadun-macc-criekrpomerpun (TOMDO-
I'XMC) u aerycTaniiOHHOE HCIIBITAHMS 110 TeOHUYECKOM MIKaje ObLTH MCIIOIB30BAHbI JIJIS
OLIEHKH U3MEHEHHH W OPraHOJIENTHYECKUX KaYeCTB ITPU XPAHEHUH.

PesyabraThl m o0cy:xkaeHme. B mpenplaymux SKCIEpUMEHTaX Il MPOWU3BOICTBA
OpraHMYecKUX KHUCJIOT OBUIM OIeHeHbl AecsiTh IuTaMMoB Pediococcus. HaubGonbiiee
KOJIMYECTBO MOJIOYHOH KUCIOTHI mpom3BoaAT 34 gacid/107KYO u P. acidilactici FLEO7,
KOTOpbIE 1M OBbLIM BHIOpaHBI B KauecTBE 3aKBACKU JUII OOCEMEHHOTO JKapeHOro MSCHOTO
nponykra (Tsire). beiio ompexaeneHo, 4To mTaMM HPOU3BOIUT YKCYCHYIO KHCJIOTY B
koHUeHTpauun MeHee 12 gacid/107 KOE. TOMDI-I'XMC wuccnenoBanus »KapeHOTro
MSICHOT'O MPOJYyKTa TOATBEPAWIH TMPUCYTCTBUE 48 JeTydnx KOMIIOHEHTOB, a HMEHHO:
ketoHOB (35,42%), xucmor (8,33%), cmuproB (25%), apoma/mmkimueckux (14,58%),
a3oTHBIX coeanHeHuen (16.67%), koropble ObuIM ompenesieHbl nmpu XpaneHuu. Cpenn
KETOHOBBIX COCIMHEHWH, KOTOpbIe HAOII0AANNCh B 00pa3nax MsCHBIX mponykroB (Tsire),
JIETY4rde KOMIIOHEHTHI BKJIIOYAIH aIlleTOH, 2-OyTaHOH, 2,3-OyTaHIMOH, 3-THAPOKCH-2-
OyTaHOH, 2-T€KCaHOH, 2-T€NTaHOH U |-TuApoKcH-2-nponaHoH. CyIlecTByeT 3HaYUTeIbHAs
pasauia (p<0,05) Mexay OOCEMEHEHHBIMH W KOHTPOJIBHBIMH 0Opa3liaMd MSICHOT'O
npoaykta (OC u H3). BbUIo BBIABICHO CHIKCHHE JICTYUUX COCIUHCHHH, CBA3aHHBIX C
nopueir. [Ins renrtanana, 1-okreH-3-oma, 3-MeTHI-OyTaHOBOW KHCIIOTHI KOHICHTPAIMH
(mr/t) coctapwu 0,57, 1,98, 0,93 u 1,39 cooTBeTCTBEHHO B 00CeMeHeHHBIX 00pasiax (0O0)
mo cpaBHeHuoo ¢ 2,43, 3,21, 2,94 u 2,94, moay4eHHBIX UIsI HCOOCEMEHEHHBIX 00pa3IloB
(HO) na Tpernii nens. OpraHoyenTHYECKHE UCCIIEI0BaHMUS TOATBEPKAAIOT Oosiee BHICOKYIO
omeHky (p<0,05) apomara, BHENTHEr0 BHIa, KOHCUCTCHIMH, BKyca U o0mux kadectB OO
cpaBuutensHo ¢ HO.

BuiBoawl. Kynetypsl Pediococcus acidilactici FLEQ7 u npyrue 3akBacKd MOTYT OBITh
WCIIONIB30BaHbl JUIS  YAYYIICHUS OpPraHOJENTHYECKUX IapaMeTpoOB U JIOCTYIMHOCTH
MIPOJYKTa HE3aBUCUMO OT JHS IIPOU3BOJICTBA. TaKUe MCCIIETOBaHUS ISl )KapEHOro MSICHOTO
MIPOJYKTA ITPOBEICHBI BIIEPBbIE.

KiroueBnie citoBa: wsico, epuns, Pediococcus acidilactici, nopuu, opeanorenmuxa.

IToBbIIIEHHE HHI].IeBOi;I HECHHOCTH 3€pHA MyTEM OHOJIOTHYECKOT 0 AKTUBUPOBAHUSA

Cgetnana baxait-XKexepyn, Tatesana PomanoBckas, Mapust AHTOHIOK
Hayuonanvnwiii ynusepcumem nuwjegvix mexnonozuti, Kues, Yxpauna.

BBenenue. 3epHOBBIC MPOAYKTHI — WCTOYHHMK YIJIEBOJNOB, OEJIKOB, MaKpo- U
MHUKPODJIEMCHTOB, BUTAMHHOB, (DEPMCHTOB, IMHIIEBBIX BOJOKOH, (hochoNUmumIoR.
[IpoparuBanHus 3epHa ABJISIETCS OJHUM M3 METOJOB OMOJIOTHYECKOTrO aKTUBAITUH.

Marepuanbl U MeToabl. Vcclie0BaHO 3€pHO MIIEHUIBI, TPUTUKATIE U TOJI03EPHOTO
oBca. bemok ompemensimu  MmeromoM  bpendopra, comepkaHue  Kpaxmaia o —
MOJIIPUMETPUUECKUM  MeToloM. JKup  Onpenensyii  METOJAOM  HCUEPIIBIBAIONIETO
SKCTparupoBaHUs XUMHYECKH YMCTHIM TekcaHoM. Butamunsl B;, B,, Bs;, B¢ onpeaensiu
¢ryopomerpuyHo. Butamunsl PP u E ompenensmn xonopumerpudecku. OnpeneneHue
ButamuHa C MPOBOAUIU TUTPOMETPHUUECKUM METO/IOM.

Pesynbratel u oOcyxnenme. BaxHoli 3amadeil mpu NOATOTOBKE CHIPhS IS
MIPOU3BOJICTBA O3J0POBUTENBHBIX MPOAYKTOB SIBJISIETCS TOBBIIMICHHE €ro IMHIIEBONH U
OMOJIOTHYECKOM IIEHHOCTH.

Hamu npemioskeH peskuM THAPOTEPMHUYECKON 00pabOTKH 3epHa IpU TeMIiepatype 12 —
16 ° C. B 3THX yCIOBHSAX MPOUCXOMUT aKTUBHU3AIM (PEPMEHTHOI'O KOMIUIEKCA, CHIDKCHUE
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IUIOTHOCTH 3€pHAa W TIOBBIIIEHHE €ro yAeJIbHOro o00beMa; CHHTE3 BHUTAMHHOB W
BUTaMUHOIIOOOHBIX BELIECTB.

B mporecce OHOMOrHYECKOro akTHBUPOBAHUS 3€pPHA IOBBIMIAETCS OHOMOCTYITHOCTH
OENKOBBIX BEILECTB, YIVIEBOIOB, JXHPa, YTO OOYCIOBIEHO HMX YAaCTHYHBIM THAPOIU3OM.
JlokazaHo, 4TO co/lepKaHue KIIETYaTKH, IIPUPOIHOTO THIIEBOr0 COPOCHTa B OMOIOTHYECKH
aKTMBHPOBAHHOM 3€pHE IIIIEHHIBI, TOJO03EPHOTO OBCA M TPUTHUKANE COCTaBIISET,
COOTBETCTBEHHO, 2,68, 2,34, 2,62%.

B mpornecce npemokeHHONW 00pabOTKU 3€pHA IMIICHHIBI, TPUTHKAIE W TOJI03EPHOrO
oBca komuuectBo BuramuHa C yBenuumBaercss Oonee yeM B aBa pasa. ComeprkaHue
TOKO(EpOIIOB BO3pacTaeT B JECATh pa3, pyruHa — B 2,53 pasa.

OOmiee KONMYECTBO KOJOHHEOOPa3yIONIMX €IWHULl Me30(WIBHBIX a’poOHBIX H
(aKkynbTaTHBHO-aHAYPOOHBIX MHKPOOPTaHM3MOB B HATHUBHBIX W BBHICYIIEHHBIX 0Opaslax
3epHa 10ciIe THAPOTEPMHUYECKOH 00padOTKH HAXOAUTCS B MPEAENax HOPM, YCTaHOBJIEHHBIX
CTaHAapTaMH.

BoiBonbl. [lomyueHHBIE pe3ysibTaThl MMEIOT IMPAKTHUECKOE 3HAYEHHE, MOCKOJBKY
TO3BOJISIIOT  PEKOMEH/IOBATh HCIONB30BAHUE OHOJIOTHYECKH aKTHBUPOBAHHOTO 3€pHA
MIIEHUIB,  TPUTHKane, TOJO3EPHOrO  OBCa  JUIi  IPOM3BOACTBA  IPOIYKTOB
03/I0POBUTENBHOTO, (DYHKIIMOHATIBHOTO U JIeYeOHO-TTPOPHIAKTUUECKOTO HA3HAUSHUSI.

KnroueBble cioBa: 3epro, akmusuposarue, nuieHuyda, mpumuxaie, 06ec.

MaJiuHOBbBIE U €;KeBHUYHbI€ BLIZKHMKH KaK HOTEHHHaﬂbHBIﬁ HCTOYHHUK OMOJIOrHYecKH
AKTHUBHBIX BCIICCTB

Amna Kanymesuu, Ana Canesud, Pamoan /[xopmkeBud,
Mune Beniiosuu, Buxkrop Hemosuu
Kageopa nuweswix mexnonocuii u ouoxumuu, haxyivmem ceibCKoO20 X03AUCmea,
benepaockuii ynueepcumem, benepao, Cepous

Beenenue. lHTepec K TONYYEHHIO MPOAYKTOB C TIOJNE3HBIMH JUIS 3/I0POBBS
MOTpeOUTENsI CBOWCTBAMHU OBLIT MIPUYHWHON UCCIIEJOBAHHS TIOBBIIICHHS IIEHHOCTH MTOOOYHBIX
MIPOIYKTOB MPOU3BOACTBA. B 3TOM 3HaueHUH, MOOOYHBIE MPOAYKTHI, KOTOPbIE ITOIYYaloT B
nporecce 00paboTKN PPYKTOBBIX KYJIBTYp, SBISIFOTCS IIEHHBIM UCTOYHUKOM OMOJIOTHYECKH
aKTHBHBIX BEIIECTB.

Matepuanbl W MeTOABbI. BBDKMMKM M3 MalWMHBI M €KEBHKH IIONy4ald IOCIe
OTAEJEHUs COKa. B  MOmy4eHHBIX TMOOOYHBIX MPOAYKTaX (BBDKUMKH) — ObLIH
oxapakTepHu3oBaHbl o0Iee coaepikanue GpeHonbHbIx coenunenuid (TPC) meromom Folin-
Ciocalteu u oOmee MoHoMmepHOe coaepkanue antonmaHoB (TAC) mno pH
muddepeHnmansHOMy MeTOny. AHTHOKCHIAHTHYIO aKTHBHOCTh BBDKMMOK OLIEHHBAJIH IO
B3aMMOJICHCTBUIO €O CTaOWIBHBIMH pagukanamu  1,1-audeHnn-2-nmuKpuiaruapasmuia
(I

Pe3yabraThl u 00cy:knaenne. MaaiHOBbIE BBDKUMKH XapaKTEPU3YIOTCS 3HAYUTEILHO
BBICIIUM OOIMUM coaepxaHueM (eHombHbIX coenauuenuid (10,1 Mr/r) u anronuaHoB (6
MI/T) CpaBHUTEIBHO C SKEBUIHBIMU (8,2 1 3,6 MI/T COOTBETCTBEHHO). AKTHBHOCTH JIDIIT"
panuKaioB Oblla OJMHAKOBOW, C HECKOJBbKO BBICHIMMH 3HAYEHHSAMH JUI MaJIHHOBBIX
BbDKUMOK (11,7 MmmolTrolox/r), yem mis exeBuunsix (10,9 mmolTrolox/r). O6mas cymma
PacTBOPUMBIX CYXHMX BEIIECTB cocTaBisuia 9,3 oBx B o0pasiie M3 MaJIMHOBBIX BBDKHUMOK,
YTO 3HAYUTEIBHO HIDKE, YeM Ui exxeBHYHBIX (14,5 0BXx).
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JlaHHBIC WCCIIEIOBAaHUS CBHUICTCIBCTBYIOT O TOM, YTO KaK MAaJHHOBBIC, TaK W
©KEBUYHBIC BBDKUMKH, KOTOPBIC SBJISIOTCS OTXOJaMH IIPOM3BOACTBA COKOB, MOXKHO
HCIIONB30BaTh B KAUECTBE JICIICBOrO MCTOUHHKA OMOJOTMYCCKH aKTHBHBIX COCIMHEHUH C
CUJIbHOW aHTHOKCHUIAHTHOW aKTUBHOCTHIO. TakuM 00pa3oM, BBEDKUMKH IIEJICCOO0pPa3HO
paccMaTpuBaTh KakK ChIPhE IS MPOU3BOCTBA IIEHHBIX OMOJIOTUYECKU aKTHBHBIX J00aBOK U
HATYpaJbHBIX KpacHTeNed Npu pa3pabOTKe HOBBIX IMHIEBHIX MPOIYKTOB C MOBBIIICHHON
IIEHHOCTB0. J[OCTYITHOCTP W HH3Kasg CTOMMOCTh IOOOYHBIX IPOAYKTOB IEpPepabOTKU
(GPYKTOB NeNlaeT WX MPHBIICKATSIBHBIMU Ui HCIONB30BAHUSA B IMHUIICBBIX MPOIYKTaX C
ILIEJTbI0 TIOBBIIICHHUS OHMOJIOTMYCCKHX CBOWCTB. DPYKTOBBIC BBDKUMKUA MOKHO NPHUMEHSTH
Ui o0oraieHusi pa3HbIX IMPOAYKTOB, TaKMX KaK XJICOOOYIIOYHBIC W3MCNIHs, OUCKBHUTHI,
MeYCHbE, MAKaPOHHBIC M3IENUSA, MOPOKEHOE, (PPYKTOBBIC HOI'YpPTHI M Tak jgaice. Kpome
TOro, MPUMEHEHHE dTaHOJa, UCIOIH30BAHHOIO B JAHHOM HCCIIEJIOBAHUM JJISl SKCTPAKIUU
OMOJIOTHYECKH AaKTHBHBIX COCIMHEHHI, HEOOXOMUMO OCYIICCTBJIATH C  Y4ETOM
MIPOIICHTHOT'O COJNEPKaHUSA U30PAaHHOT'O PACTBOPHUTENSI, COOTHOIICHHS KUIAKOCTH/TBEPIOE
BEIIIECTBO, TEMIIEPATYPHI U BPEMEHH IKCTPAKIIUH.

BuiBoa. MajiHOBBIC U €KEBUYHBIC BEDKUMKH, TOTYYCHHBIC B MPOIIECCE MPOU3BOICTRA
COKOB, SIBJISIOTCS IICHHBIMH HMCTOYHUKAMH TaKHUX OMOJOTMYCCKH AKTUBHBIX COCTUHCHUM,
KaK ()CHOJIbHBIC AaHTHOKCHIAHTHI.

KiroueBble ciioBa: manuna, edxcesuxa, svloicumka, BAB, anmuoxcudanm.

Xumuueckmii coctas 3GUPHOro Macjaa U3 1aMaccKoil po3bl
(Rosa Damascena Mill.), BbIpanieHHOI B HOBBIX peruoHax boarapuu

Teomopa Atanacosa', Mupocnasa Kaxanosa'
JTioGomup Credanos’, Mas ITerkosa’, An6ena CrosHoBa'
Cranka JIaMHHOBa4, Muxkona JICCI/IKS
1 — Vnugepcumem nuwegvix mexunonocui, Ilnosous, boneapus
2 — Jlomoc Dxcnepm LTD, [Tnosous, boreapus
3 — Dronomuueckoe xossticmeo J{ynae Ltd, Buoun, bonreapus
4 — Pycenckuil ynusepcumem «Aneen Kanuesy, punuan 6 2. Pasepao, boneapus
5 — Hayuonanvuwiii ynusepcumem nuwgedvlx mexuonoautl, Kues, Yxpauna

Beenenue. llenpio wnccienoBaHMsi SIBISIETCS ONpEJEICHUE XHMHUYECKOTO COCTaBa
a¢upHOro Macia u3 AaMacckoil po3wl (Rosa Damascena Mill.), BBIpalcHHONH B HOBBIX
peruonax bonrapuu

Matepuanbl u Metoasbl. Jlenectku po3u O0buTH coOpansl B 2016 1. BOIM3M T. Buaua
(ceBepo-3anannas bonrapus) Ha craauu 1BeTeHus B ABa nepuona — 10 mas (obpaser 1) u
26 mas (obpaszer 2). XUMHUYECKHUI COCTaB Maciia OIpeaeieH METOIOM XpoMaTorpaduu.

Pe3ynbTaThl U 00cy:kIeHHe. BiaxHocTs pacteHuii cocraBisuia 82,70% (ms odpasna
1) u 79,04% (s obpasua 2). Beixox a¢hupHOro Maciia cocTaBisii, cooTBeTcTBeHHO, 0,08%
u 0,03%. B a¢upHOM Macie u3 00pa3ios 1 u 2 onpezencHo 39 KOMIIOHEHTOB. JIBe TpyIIITbI
COEIMHEHUH OBUTH ONpeeNeHbl B THAPOANCTIINPOBAHHOM PO30BOM 3(DPMPHOM Maciie, 4To
XapaKTepU3yITCs KaKk HOCUTENU U Kak (PUKCATOPbI 3anaxa. TepreHOBbIe CITUPTHI SIBIISIOTCS
OCHOBHBIMHM KOMITOHEHTAMH, OTBETCTBEHHBIMH 33 XapaKTepHBIH 3arax po30BOr0 Macia,
COCTaBJSIIOT OKOJNO 56% OT o0uiero KOJIWYecTBa OTMEUEHHBIX BeleCcTB. BrIcokoe
coJiep)KaHMe TepaHuMona ¢ KoMOMHamuMed nuTpoHeuiona, ¢Gamecona ¥ Hepona
obecrieunBaeT KpeNKWi, CIagKhid, [BETOYHBIH CBEXKHH PpO3OLBETHHIH Xapakrep
BBIpa0OTaHHOTO Maca.
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Xpomarorpaduueckuii npoduib  po30BOro Macia OOHApYKWJI 3HAYUTENBHOE
MIPUCYTCTBUE aU(aTHuecKux yrieBogoponos (31%), koropble SBISIOTCS OCHOBHBIMH
KOMITOHEHTaMH, OTBEYAIOIMMH 33 CTOWKOCTh 3araxa.

OCHOBHBIC COeTUHEHUS Y(PUPHBIX Maces ObLTH CIEAYIOIUMU: B-IuTpoHerton (30,24-
31,15%); tpaHnc-repanuon (20,62-21,24%), n-xenemkocan (8,79-9,05%), n-HOHaJeKaH
(8,51-8,77%), Honanekas (4,42-4,55%) u Gpenmwnstinosuii criupt (4,04-4,16%).

BeiBoabl. DdupHOE Macio U3 1aMacCKOi po3bl, BIEPBbHIE MOJyY€HO B HOBOM PETHOHE
Bonrapun, wMMeeT BBICOKHME IIOKa3aTeln KadyecTBa M PEKOMEHIYEeTCs K MacCOBOMY
TIPOU3BOJICTBY.

KiroueBble ciioBa: posa, agpup, macio, xumus, boneapus.

Mos104HBIi KMP B (POPMHUPOBAHNH CTPYKTYPBI MOJIOYHBIX NPOIYKTOB

Ounbra Pridax
Tepnononvckutl HAYUOHATLHBIN MeXHUYecKUll yHugepcumem umenu Meana Ilynios,
Tepnononw, Yxpauna

BBenenue. CraTbs TOCBAIIEHA UW3YYEHUIO BJIUSHHUS MOJIOYHOTO KHpa Ha
(OpMHpPOBAHUE CTPYKTYPHl MOJIOYHBIX TPOAYKTOB Ha OCHOBAaHHM OITYOJHKOBAHHOM
uHpopManuu 3a nociaeanue 15 mer. KoHCHCTeHIMS MPOayKTa SBISIETCS OJHON U3 BaXKHBIX
XapaKTEPUCTHK, KOTOPBIE OMPEICIIAIOT BOCIIPUATAE MOJIOYHOI'O TIPOAYKTA MTOTPEOUTEIISMHU.
IIppu >TOM KOHCHUCTEHIMSI SIBISIETCS OPTaHOJENTUYECKUM OTPaKEHHUEM CTPYKTYPhI
MIPOAYKTOB, MMO3TOMY YCTaHOBJICHHE U TOJJACPKAaHHEC HEOOXOIMMOH CTPYKTYphI HMEET
pelaoniee 3Ha4eH|e 11 00SCIeUeHU BBICOKOTO KayeCTBa MPOAYKTa.

Marepuanbl U MeToabl. VcciemoBanach CTpYKTypa Macia, ChIpa, MOPOXEHOIO,
B30UTHIX CIMBOK. [IpOBeJcH aHadW3 HAYYHBIX CTaTed, MUCCEpTalii M MoHOrpaduu
VUEHBIX JaHHOW OTpaciu Haykd. METOJoNorusl HUCCIe0BaHusl OCHOBaHa Ha
HCIOJIb30BAHUH METOJIOB aHAJIN3a, CPABHEHUS M 0000IICHUS.

Pe3ynbraTel M o0cCykmeHue. B MolOke W CIMBKaX MOJIOYHBIA JKUP (HOPMHpYET
SMYJBCHIO (OKUP-BOJA», CYIIECTBYS B BHUJC JKUPOBBIX INIOOYJ, MOKPBITHIX 3alIMTHHIMHU
obomoukamMu. C MPAKTUYECKOH TOYKH 3PCHUSA MOJIOYHBIA JKHP SBISACTCS Ba)KHBIM
COCTABJISIONIMM  KOMITOHEHTOM, IIOCKOJBKY OOECIeurMBaeT XapakTepHble (u3HKo-
XUMUYECKHUE, CTPYKTYpPHBIE, OPTaHOJENITHUECKHE CBOMCTBA MOJIOYHBIX MPOIYKTOB, TAKUX
KaK CJIMBKH, MacJIo, MOPOXKEHOE, COUTBIC CITUBKH, ChIP.

JKupocomepkariue MPOMYKTHI, HAPUMEpP, MAcio, MPEACTaBISIIOT COOOH IMYIBCHUIO
TUIIA «BOJA-KUP», KOTOpasi COCTOMT M3 KPUCTAJUIM30BAHHOTO MOJIOYHOTO KHpa,
BBITIOJTHSIONIETO POJIb JAUCIIEPCHOHHOM Cpeibl, B KOTOPOM JAHMCIIEPTUPOBAHHBIE KaIlIU
BJIaT'd, HEPa3pyIICHHbIE W YaCTHYHO JIECTAOMIU3UPOBAHHBIC JKUPOBBIC TIJIOOYIIBL
[IpeobOnamanrie B CTPYKType Macia 3HAYUTEIBHOI'O KOJHMYECTBA MEJIKHX KPUCTAJUIOB
MOJIOUHOT'O JKHpa CHOCOOCTBYET MOBBIIIEHUIO TBepaocTH 10 20% 1O CpaBHEHHIO C
MPOJYKTOM C HE3HAUYUTEIbHBIM KOJWYECTBOM KPHUCTaUIM30BaHHOrO kupa. OaHako
HAJIMYME KPYIHBIX KPUCTAJUIOB OOYCIIOBIMBACT U3MEHEHHUE KOHCHCTCHIIUU, XPYNKOCTH U
3JIaCTUYHOCTH MPOAYKTA.

Jnst  dbopMupoBaHUS CTaOMIBHOW CTPYKTYPHI B30OWMTBHIX CIMBOYHBIX JECEPTOB H
MOPOXKCHOTO HaJIM4YMe MOJIOYHOTO JKUpa sBIACTCS HeoOXomuMmbiM. [lpu  3TOM
(hOpMHpPOBAHUE CTPYKTYPHI 3aBUCHT OT B3aUMOJCHCTBHS MEXIY KHPOBBIMHU IIIOOYJIaMHU,
BO3JYIIHBIMU ITy3bIphKaMH W KOMIIOHEHTaMH ILIa3Mbl (0cOOCHHO Oenkamu). B mporecce
B30MBaHUA U OXJIQXKIICHUS JKUPOBBIC IIAPUKH YaCTUYHO OOBEAUHAIOTCS U aJCOPOUPYIOTCS
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Ha BO3IYLIHBIX ITy3bIPbKaxX, MOKPbIBas WX MOBEPXHOCTHU. Takum 00pa3oM MPOHCXOIUT
cTa0MIM3anus BO3MyIIHOH (a3bl. Kpome TOro, sxup urpaer BaKHYIO POJIb B 0OecCrieueHHH
TBEPJOCTH CTPYKTYPhl MOPOXKEHOTO BO BpeMsi (pu3epoBaHus, a CJIEIOBATEIbHO, U
KOHCHCTEHIIMH, BHEIITHETO BU/A U CONPOTUBIICHHS K TasHHIO.

Hanmumne Mono4HOro xupa B Chlpax 00yCIOBIEHO HEOOXOAUMOCTHIO (hOPMHUPOBAHUS
XapaKTEepHBIX BKYCOBBIX OCOOEHHOCTEeW dToro mnponaykra. Kpome sroro, Ti100yisl
MOJIOYHOT'O )KHpPAa BIIUSIOT HA KOHCUCTEHIIMIO ChIPa, CMsTYasl €€ YaCTHYHBIM pa3pylIeHUeM
Ka3eMHOBOM MaTpHIIbI ITPOYKTA.

BuiBoa. MomnouHBIH KHp SIBIISIETCS] IEHHBIM KOMIIOHEHTOM OJIarofapsi ero mpusTHBIM
BKYCOBBIM XapaKTEpUCTHKaM, TOTIa KaK JPyrue ero CBOMCTBA YacTo TPEOYIOT M3MEHEHHI
JUI HaJIeXKAIer0 NPUMEHEHHsT B TPOW3BOJCTBE IHIIEBBIX IMPOIYKTOB, YTO, B CBOIO
oyepenb, 3aMETHO BIUSET Ha (OPMHPOBAHHE CTPYKTYpPHl MOJIOYHBIX IPOAYKTOB, B
YaCTHOCTH Maciia, B3OMTBIX CIIMBOK, MOPOXEHOTO U ChIpa.

KnroueBble c10Ba: MoI0UHbIIL JCUP, CIPYKIYPA, MACTIO, MOPOXHCEHOE, ChID.

Hcnouab3oBanne 0MOMH(OPMALTMOHHOI0 AHATN3a U KOMIILIOTEPHOI MopdomeTpun
s u3ydenusi Fusarium spp., BbI3BIBAIOIIUX CYXYI0 KapTO(eJIbHYI0 THHIb

1 1 Lo 2
Hanexna Xununckas', FOnus basaprosa’, Anexcanap Hlnelikun
Jlronmuna IMemryk®, Oxer Tanenxo’

1 — Canxm-IlemepOypeckuii HAYUOHANILHO-UCCICO0BAMENLCKUU NOTUMEXHULECKU
yuugepcumem Ilempa Benuxozo
2 — Canxm-Ilemepbypeckuil HAYUOHATTLHO-UCCICO08AMENbCKULL VHUBEPCUMEN
UHDOPMAYUOHHBIX MEXHONI02UT, MeXanuKu u onmuxu (Ynueepcumem UTMO)
3 — Hayuonanvuwiii ynusepcumem nuwgedvlx mexuonoautl, Kues, Yxpauna

BBenenne. 3amaya MCCIENOBaHUS — OLEHHTh BO3MOKHOCTh NPHUMEHEHHS METOJIOB
KOMITBIOTEpHOH MopdoMeTpun ¥ OHOMH(MOPMAIIOHHOTO aHanuM3a sl  W3y4YeHHH
PEaKTUBHBIX W3MEHEHHWH KIETOK TpuOOB Fusarium Spp., BBI3BIBAIOIIMX CYXYIO
KapTOGheNbHYIO0 THHIb.

Matepuanbl U MeToabl. [l MPOBEJECHUSI MCCIIEAOBAHUIM OBUIM OTOOpaHbI KIyOHM
kaprodenss copra «HeBckuit» ¢ BHEIIHMMHU IpU3HaKamMH (y3apHO3HON CYXOH THHIIH.
W3ydeHsl Tpu 30HBI PACTUTENBHOM TKaHU KapTO(QENbHBIX KIyOHEH: DIHUIEHTP
KOHTaMHHAIMU IUIECHEBBIMU TpuOaMu pona Fusarium, TKaHW, ONM3IIEXaIIMe K oyary
MOpa)keHHs; TKaHU BHE 30HBI ouara nopaxxeHus. [Ipemapatsl Fusarium spp. TOIydanu
METOJIOM «OTIeYaTKa» C PACTHTENBHOM TKaHH, (UKCHPOBAHHBIE MHUKPOOPTaHU3MBI
okpammBain 1% pacTBOPOM MeTHJIEHOBOro cuHero. Mopdomorniyeckoe uccieqoBaHue 1
KOMITBIOTEPHYI0 MOP(QOMETPUI0 MUKPOOPTaHU3MOB TPOBOJWIIM TPH OOILIEM YBEINYECHHU
x400 u x1000 mukpockorna "Micros" (Austria), mogens MS 100 (XP).

Pesyabratbl u obcy:xaennsi. Mopdomerpuieckue XapakTepUCTHKA MaKpOKOHUAWN
Fusarium spp. (wiomaab, TMEpUMETP, JUIMHA, KOJIMYECTBO) OBUIM TONYYEHBI C
MIPUMEHEHUEM KOMITBIOTEPHOM MpOorpaMMBbl aHaJTM3aTopa n3oopakenuit "Micros".

Ha ocHoBaHMM &aHHBIX MOP(QOMETPUYECKOr0 aHaluW3a KIETOK TpuOOB ObuIH
pa3paboTaHbl ~ aIrOpUTM W KOMIIBIOTEpHAs  NporpaMma Uit U3y4eHUs
OronH(OPMAIIMOHHBIX XapaKTEPUCTHK MaKPOKOHUIMNA Fusarium spp.

Jis  ycTaHOBIIEHHST TEpPMOJMHAMHYECKOTO PABHOBECHS!  KIETOYHOH  CHCTEMBI
BBIYMCISUINCH CIIeqyIolne HH(POpPMaloOHHbIe XapakTtepucTuku: H — wH(bopManmoHHas
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SHTPOMNUS, XapaKTEepU3yIollas CTeNeHb YIOPSJAOUYEHHOCTH OHOCHCTEMBL;  Hix
nHpoOpMalMOHHAsT ~ €MKOCTb,  XapaKTepu3ylollass  MaKCHUMallbHOE  CTPYKTYpHOE
pa3HooOpa3re OMOCUCTEMBI C YTPATHUBIIMMHU (DYHKIIMOHATIBHYIO B3aUMOCBSI3b dJIEMEHTAMHU;
R — k03¢ pumeHT n30bITOUHOCTH (OTHOCUTEIBHOW OpraHu3ali ONOCHCTEMBI).

Jns  uccnenoBaHHBIX TpuOOB poxa Fusarium BBUIBICHBl HHU3KHE 3HAYCHHS
nHdopmanmonnoii surponmu H (0,002) oTHOcHTENbHO 3HAuYeHWI HH(POPMAIMOHHON
eMKOCTH Hi.x (0,5) Ha QoHE MOBBINICHHBIX 3HA4YCHUH Kod((dHUIMeHTa M30BITOYHOCTH R
(99,40%- 99,69%), KOTOpBIE XapaKTCPU3YIOT YIOPSAIOYCHHOCTh U BBICOKYIO CTEIICHb
OTHOCHTEJIFHON OpTraHM3allid B MUKPOOHBIX KJIETKaX, MOPaXArOUIMX KIyOHH KapTodeds.
Ora uHpOpMAaIMsS MOXKET YyKa3blBaTh Ha MaKCHMAJIbHYIO CTEIeHb aJalTalid KIIETOK
Mapa3uTHPYIOWIUX TPHOOB poaa Fusarium K yCIOBHSM UX OMOLEHO3a C PACTHTEIBHBIMU
KJIETKaMH B Mpollecce MUKPOOHOW KOHTaMHMHAIIMY KITyOHel kaprodens. CienyeT 0XuaaTh,
4YTo B CiIydae peakiuud TrpuOoB poma Fusarium Ha BO3IEHCTBHE XHMUYECKHX WIIH
OuorpenaparoB 3HaueHWs WH(OpMaNMOHHOM OSHTporuM H JOMKHBI BO3pacTaTth 10
3HAYeHUH MHPOPMAIMOHHONW eMKOCTH H.., a 3HaueHus koadduimenra n30piTtouHoCcTH R
— yMeHbIIAThbCs. VI3MEHeHuWs IMmokaszaTeneil MOXXHO OyneT TpaKToBaTh KaK pe3yibTaT
JIE3UHTETPAllMN CTPYKTYPHBIX U (YHKIMOHAJBHBIX CBsI3ell B KJIETOYHOH cucTeMe IprHOOoB
pona Fusarium.

BoiBogpl. Meron  OMOMH(GOPMAIMOHHOTO  aHalu3a IpU  MOP(OIOTHIECKOM
UCCIIEZIOBAaHUU KIETOK TpUOOB poja Fusarium, BBI3BIBAIONIMX CYXYIO KapTO(helbHYIO
THUJIb, MOXKET OBITh PEKOMEHJOBAaH B KAayeCTBE TECT-CUCTEMBI IIPU Pa3padOTKE HOBBIX
BUJIOB NPENapaToB JJIsl 3alUTHl PACTECHUH.

KunioueBble cioBa: Fusarium spp., kapmogenv, cyxas HUlb, MOPHOMempuieckuil
ananus, OUOUHGOpMamuKa, mecm-cucmema.

IIpousBoncTBO 3TAaHO/IA U3 NPOAYKTOB MepepadoTKH Ko eHHBIX II0A0B

Onuuep Xupsa, MaHOCEHT Xdaraxynry, Knement butBancku
Pyanockuit ynusepcumem, Kueanu, Pyanoa

Beenenue. [IpoBeneHo uccienoBaHue C IEIbI0 OLEHKH MPOW3BOJCTBA 3TaHONA U3
MIPOAYKTOB IepepaboTKU Ko(ecoaepKamiero colpbs. B kauecTBe OCHOBHBIX KOMIIOHCHTOB
HCIIOJIb30BaJIM BHEIIHIOW 000JI0YKY U MSKOTh IUTOJIOB KOde.

Matepuanbl u MeToabl. B mporecce MccienoBaHus Cyclio SKCTPaKTHPOBAJIOCh M3
KopeHHOM O000JIOUKM W MIKOTH U COpaKUBaNoCh. VICTONB30BaHHE IPOXOKEH OBLIO
ONTUMU3UPOBAHO C IIENBI0 YBEIMUCHHS KOHIICHTPAIUU PEAYLMPYIONIUX caxapoB. B cBoro
ouepesb, KUCIOTHBIA THIPONHU3 MPHUBE K IPEBPANICHUIO CIOXKHBIX ITOJHMCAXapHIOB B
pocThie MOHOMEpHI. HeOombIlnoe KOJTUUECTBO METAacChl M OCTATKOB OBLIO HCIOJIH30BAHO
st ycwieHus Opokenus. Cyxue JOpoxoku  Saccharomyces — cerevisiae — ObUIH
peruApaTHPOBAHBl U JIOTIONHEHBI IHTATEIbHBIMU BEIIECTBAMH, KOTOpBIC TaKKe ObLIH
o0orareHsl a30TOM, MarHHUEM H YIJIEPOIOM.

Pesyabratel M o0cy:xkgenue. Cplpbe I0Ocie TeEepepabOTKH OpOXKEHHEM OBLIO
neperuano. MiaMeHeHne peayIupyroux caxapoB B CyOCTaHIMH MTOKa3bIBaET X0 Mpoliecca
(depmentanuu. [Iporiecc OpoKeHUS 3aKaHYMBACTCS, KOTAA IIOTHOCTh YMEHBIIIACTCS HUKE
6%. BplsBIEHO, 4YTO B Ipolecce OpOKEHHs COAEpKaHWE caxapa yMEHBIIAeTCs, YTO
HEMOCPEJCTBEHHO CBsi3aHO ¢ 3¢ddexTuBHOCTRIO Opoxkenus. C 6,5 nm cycnma ObuIo
M3TOTOBJICHO 2,3 J1 3TaHoja C aOCONIOTHBIM oO0beMoM 45 a0.%, 4To, B CBOIO OUEpeIb,
cocrariser 35,5% or obmrero odbema cycia. [Tockonbky pH cycna mist OpokeHust ObLTO
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ONTUMHU3UPOBAHO 10 4—5, pPe3yabTaThl MOKA3BIBAIOT, YTO MPOM3BOJACTBO ITAHOIA MOXKET
OCYIIECTBIIATECA C WCIONB30BAHUEM MSKOTH ILIOAOB M 00O0JOYKH KOoe B KauecTBe
JIONIOIHUTENBHBIX ~ MPOAYKTOB, YTO TMpPHBEAET K YMEHBIICHHIO 3arps3HEHHS HMH
OKpyXaroliei cpeasl. B xoze ucciaenoBanus ObUI0 OMTHMU3UPOBaHO pH U TemmepaTypHbie
PEKUMBI Ha JOJDKHOM YPOBHE ISl BCEX 00pasIioB.

BoiBoanbl. IlepepaboTka MOOOYHBIX IPOAYKTOB (BHENIHEH 000IOYKH M MAKOTH ILIOJOB
Ko(e) B ITAHOT MOKET YBEIUUYHUTH ITOTEHIIUAT CHIPHEBBIX PECYPCOB MPEANPUATHH MyTEM
MPOU3BOJICTBA 3TAHOIA.

KiroueBbie ciioBa: xode, 1101, MSIKOTh, CIIUPT, OpoxkeHus, Saccharomyces cerevisiae.

Oco0eHHOCTH TEXHOJIOTHH NPUMECHEHU S KaMEHeﬁ IS CO3JaHUSA IreJIeBbIX OCHOB

Huna Paituyk, Enena [Togo0owui
Hayuonanvnwiii ynueepcumem nuwegoix mexnonozuil, Kues, Yxpauna

Beenenue. Ilenpio naHHOW paboTHI ABJSIETCS W3Y4EHHE TEXHONOTHYECKHX, (puzmko-
XMMHUYECKUX U PEOJIOTMYECKUX CBOMCTB TEJIEBBIX OCHOB Ha OCHOBE T'MIPOKOJIOHMIOB JUIS
JaNbHEH e pa3paboTKH MUIIEBBIX MPOAYKTOB refieBoi (popMBlI.

Matepuanbl u MeToAbl. B KauecTBe OOBEKTOB HCCIEIOBAaHUS BBIOPAHBI KaMelb
kcantaHa (KKC), xamenp ryapa (KI') m kamens poxkkoBoro nepea (KPI), a Takxke
reJieBble OCHOBBI C Pa3HOW KOHIIEHTpANUeH JaHHBIX TaTaKTOMaHaHOB.

C Uenpl0 HM3Y4EHUS TEXHOJNOTMYECKHX, (PH3HKO-XHUMHUYECKHX M PEOJOrMYeCKHX
XapaKTEePUCTUK TeJIeBbIX OCHOB MPUTOTOBJIEHBI 00paslpbl reiieid 3a TpeMsi CHOCOOaMHu.
N3ydyeHne CTpyKTYpHO-MEXaHUUECKHX CBOMCTB MPOBOJWIOCH C TIOMOIIBIO POTAI[MOHHOTO
BHCKO3UMETpA.

Pe3yabTaTtsl u o0cy:knenue. UccnenoBano  BiMsIHUE KOHIIEHTpAIUH
rejeoOpazoBarelisi, TEMIEPATypbl BOABI U MPOJIODKUTEIILHOCTH HaOyXaHWs Ha BS3KOCTh
KOJUIOMJIHBIX pacTBOPOB W Ha TIpelellbHOEC HANpsDKeHWe cIBura. [ 'eneBble OCHOBBI,
MIPUTOTOBJICHHBIE 33 TPeMsl CIoco0amMH, ¢ BBHIOPAHBIMH THUAPOKOUIOWAAMHU OTHOCSTCS K
CTPYKTYPHPOBAHHBIM CHCTEMaM.

Hawubonbiiee 3HaueHWe BENMYMHBI MAaKCUMAJIBHOW BS3KOCTH 1)y, YTO COOTBETCTBYET
MPaKTHYECKN HEPa3pyIIeHOH cucteMe, i1l 00pasloB reJeBbIX OCHOB C KaMeIblo KCaHTaHa,
MIPUTOTOBJICHHBIX TIO crioco0y 3, cocrasisier 106,3 Ila-c, ¢ kamenbI0 POXKOBOTO AepeBa -
1,97 Ia-c, c kamenpto ryapa - 17,7 Ila-c npu koHuentpaiuu 1%.

Paccunranbl CTpYKTYpHO-MEXaHHWYECKHE XapaKTepUCTHKH. Iyl KaMenu KCaHTaHa U
ryapa 3Hau€HHE HaNpsDKEHHsl CIBHIa OOJbIE HOJS, YTO CBUAETEIBCTBYET O TOM, 4YTO
uccieayeMble 00pasibl SBISIIOTCS CTPYKTYPUPOBaHHBIMH TBEPIONOA0OHBIMH TeaaMu. Jlis
00pa3oB U3 KaMeIu POXKKOBOT'O JiepeBa 3HAUEHHE HANPSDKEHHs CIBUra PaBHO HYIIO, YTO
yKa3bIBaeT Ha TO, YTO MX MOXXHO OTHECTH K IICEBIOIUIACTHYECKUM SKUIKOCTSIM. Camblii
OOJNBIION TMHAMHYECKUI MpesieNn CIocOOHOCTH K TeUeHHIO0 Habiromancs y o0pasloB c
KaMe/lbl0 KCaHTaHa, NPUTOTOBJIEHHBIX MO BTOPOMY U TPEThEMY CHOCO0Y, C KaMeAblo
POXKOBOTI'O IepeBa U r'yapa - IEPBbIM U TPETHUM CIIOCOOaMU ¢ KOHIIeHTparwei 1%.

CpaBHEHHE pacTBOPOB THIPOKOIOMIHMB, TOJNYYEHHBIX NpPU Pa3IMYHBIX Ccrocobax
MIPUTOTOBJICHHUS, TOKA3ajo, 4YTO HamboJiee IeNecO00pa3HbIM SIBISETCS MPUTOTOBJICHHE
rejedl TPEeTbUM CIIOCOOOM, ITOCKOJIBKY IIPH 3THUX YCIOBHUSX BSI3KOCTh PacTBOPOB (IpH
OJIMHAKOBOI KOHIICHTpAIMU Tejico0pa3oBaTess) OblIa BBIIEC U CTPYKTypa reiisd Obuia Oonee
OJTHOPOHOH.
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BoiBoapl. Jlng Bcex OKCIEPUMEHTANBHBIX  00pa3IOB  Trelieil  XapaKTepHBIN
HEHBIOTOHOBCKOW TICEBAOIUIACTUUECKMI THIT TedeHus. Haubonee 1enecooOpa3HbIM
SIBIIICTCS TIPUTOTOBJICHHE TEICH TPEThUM CITIOCOOOM, KOTOPBIH 3aKiIIovUayics B HaOyXaHUU
THUAPOKOJIOU0B B TeueHue 40 MUH B BOJIe KOMHATHON TeMIlepaTypbl, nmoporpese 1o 60 °C
u oxyaxaeHuu. OnTuManbHas KOHIICHTpaIus reaeoopasosateneit — 0,5%.

KaroueBsle ciioBa: peonoeus, cereobpasosamens, Kamedb, KCAHMAH, 2yap, POACKOBOE
depeso.

MexaHHU3M AaHTHMHKPOOHOIO e CTBHS PACTHTEILHBIX AHTHOAKTEPHATBHBIX
npenapaTos

Hurimon Onkron, [lenns KapaGuiinkiu
Tazuocmannawckuil ynusepcumem, Qhaxyibmem UHMCEHEPULU U HAMypPAIbHbIX HAYK,
xkageopa nuwesou undxcenepuu, Toxan, Typyus

Beeaenue. Ilenpio 3TOro  HCCIeNOBaHMSA SBISETCA  OCYIIECTBICHHE 0030pa
uHpOpMALIUK O MEXaHHU3ME JEUCTBHS PACTUTENBHBIX AHTHOAKTEPHATIBHBIX IIPENapaToB,
KOTOPBIE MOYKHO HMCIIOJIb30BATh B MHUIIEBBIX MPOAYKTAX.

Martepuaiabl M MeToAbl. [IOMCK M HCITOIB30BAHHME JIUTEPATYPHBIX HCTOYHHKOB
ocyltecTBiieH U3 oubuorpaduueckux 6a3 ganaeix AGRICOLA, CAB Abstracts, EBSCO,
FSTA, Global Health, Google Scholar, Index Copernicus, PubMed, Scopus, TUBITAK
ULAKBIM Life Sciences Database, u Web of Science.

Pe3yabraTtel H 00cy:kaenue. Hekoroprie (DpPYKTOBBIE M OBOIIHBIE COKH, TPaBbI H
crenuy ObUTH KCIONIB30BaHbl B KAUECTBE PETYJISATOPOB KHUCIOTHOCTH M apOMaTH3aTOpPOB
JUIS TPAJWIIMOHHBIX KYIIaHHM, CATaTOB M 3aKyCOK. Bce 3TH NPOMYKTBI, a TaKKe HX
9KCTPAKThl HIMPOKO HCIOJB3YIOT B MHUINEBOH MPOMBINIIEHHOCTH KaK €CTECTBEHHBIE
aHTHOaKTepHaJIbHbIE TPEnmapaThl. AHTHOAKTEPUAILHOE NEHCTBUE PACTUTENBHBIE T00aBOK B
OCHOBHOM OOYCJIOBJIEHO HAJWYHEM B HHX OPraHHYECKHUX KHCIOT HIH/H (HEHOIBHBIX
BemiectB. OpraHudyeckde KHCIOTHI M (DEHONBHBIE BEMIECTBA, KOTOPHIE SBIISIOTCS
OCHOBHBIMHM COEIMHEHUSIMH B PACTEHUSX, BBI3BIBAIOT MX AHTUMHKPOOHYIO aKTHBHOCTB.
OpHako BIMSHHE aHTUMUKPOOHOrO KOMIIOHEHTA U3MEHSAETCS B 3aBUCHMOCTH OT T€HOTHUIIA,
CTPYKTYpPbI KJIIETOYHON O0OIOUKH M UCXOMHON HMOMYJISIHA MUKPOOPTaHU3MOB, @ MEXaHH3M
JIEUCTBUS — OT crocoba OTCOEAWHEHHMS W TNPHCOEAWHEHHs B KieTke. WMHrubupyroee
JICUCTBHME PACTUTEIBHBIX AHTHOAKTEPHAIBHBIX IPENapaToB Ha Pa3Hble MUKPOOPTAaHU3MBI
HCCIIEI0BAIACh HEOMHOKpaTHO. HO M JOHBIHE HET YETKOrOo MMOHUMAaHUS MEXaHH3Ma HX
JICUCTBHS, KOTOPOE BBI3BIBAET (PYHIMIIUIHOE CTATHUECKOE BIIMSHHE. BajKHBIM SIBIISETCS
OIpeIeNIeHHe OCOOCHHOCTEH NMEHCTBUS 3TOr0 MEXaHNU3Ma, YTOOBI CIENIaTh €ro JOCTYITHBIM
U TIPUEMIIEMBIM IS TIPOMBIIUIEHHOTO TIPHJI0KEHHS.

BeiBon. Ompenenenue ocoOEHHOCTEH IeWCTBHS MeXaHM3Ma aHTHOaKTepHaIbHOU
AKTHBHOCTH SIBIIIETCSA HEOOXOIMMBIM JUIS TOrO, YTOOBI CJENaTh AHTUMHKPOOHBIE
npenaparsl A0CTYMHBIMU K IPUMEHEHHUIO B MHIIEBON MPOMBIILIEHHOCTH.

KiroueBble ciI0Ba: anmumukpoobmwlil, pacmenue, KUCIOMA, QeHOL.
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Mpoueccbl n 060pyaoBaHME NULLEBbIX NPOU3BOACTB

TpeXMepHaﬂ MOA¢CJIb TCUCHUA HEHBIOTOHOBCKOMH KUJIKOCTH B IPAMOYTI'OJILHOM
KaHaJie

Dnyapx benerkuii', Enena ITerpenko’, Jmutpuii CeMeHOK
1 — Xapvkosckuii mopeogo-sxonomuuecxutl uncmumym Kuesckoeo nayuonanvriozo
MOP2060-IKOHOMUYECKO20 YHUGepcumema, Xapvkos, Yxpauna,
2 — Xapvkosckuil 20Cy0apCmeeHHblll YHUSEPCUMem NUMAanusl u mopeoeéiu, Xapokos,
Yipauna

BBenenue. IlpemiokeHa  TpexMepHas  MaTeMaTHuUeckas  MOJACHb  TCUCHHUS
HEHBPIOTOHOBCKOM JKHIKOCTH C BS3KOCTBIO, 3aBHCAIICH OT CKOPOCTH CIBHra B
MIPSIMOYTOJIBHBIX KaHaJIaX TEXHOJIOIMIECKOro 000pYIOBaHUS MUIIEBOH MPOMBIILICHHOCTH.

Marepuaiabl 1 MeTOABI. [IpUMEHEH METO CYIICPIIO3HIINH, TTO3BOJISIONIUI TOCTPOUTH
MoJie TPOMOJILHOIO TEUYCHUS HEHBIOTOHOBCKOW JKHUIKOCTH B MPSIMOYTOJLHOM KaHaye
TEXHOJIOTHYECKOr0 O0OPYIOBaHUS C JBIKYIIMMHCSA CTEHKAMH, M TaKuM o00pa3oM
OIPENICIIUTh BETUUMHBI CKOPOCTH U JAaBJICHHS B JFO0O0M TOUYKE BHYTPH KaHaja.

PesyabTathl UM o0cyxnaeHue. IlomydyeHa Monenb  MPOJOIBLHOTO — TEUESHHS
HEHBIOTOHOBCKOHM JKHIKOCTH B TPSIMOYTI'OJBHOM KaHaje, Ha CTEHKax KOTOPOIrO 3aJaHbl
pa3IUYHBIC TPOIOJILHBIC CKOPOCTH. B OCHOBE MOCTPOCHHMS JICKHUT PEIICHHE OXHOMEPHOU
3a/1layd O KY3TTOBCKOM TEUCHHM B KaHaje. KOMITO3MIIMSA TEUEHHUH B INENICBHIX KaHAjIax C
B3aUMHO IEPIICHANKYJIAPHBIMHU MMapaMH CTCHOK IMO3BOJISICT MOAY4YHTh (hopMyny pacxona
TEUEHUs, YIOBJICTBOPSIOIIYIO MPUHITUIY TPEACIBHOTO COOTBETCTBUS MEXKIY TCUCHHSIMH B
MPSIMOYT'OJILHOM U IIENIEBOM KaHanax. [Ipeanmaraercs crmoco0 mocTpoeHHs MOt CKOPOCTH,
KOTOpPBIM TpEACTaBIsAeT COOOH pa30HMeHHe KOHEYHOTO CEYCHHUS KaHajla Ha YYacTKH C
Pa3IUYHON 3aBUCHUMOCTBIO OT KOOPAMHAT TaK, YTO HAa OMHHX Y4acTKaX CKOPOCTh 3aBHUCHT
TOJILKO OT OJHOM KOOPIWHATHI, @ HA JAPYrHMX — TOJIBKO OT APYTOH KOOPAUHATHL. [lomyueHb
YpaBHCHUS JIUHHHA, Pa3TPaHUYMBAIONIMX STH YYaCTKA M CIOCOOBI OmpeaeicHHs (hOpMbI
pa3rpaHUYUTEIBHBIX JIMHUM.

BoiBoabl. [lomydeHHbIe  aHagWTHYEeCKUE (HOPMYJBI  MO3BOJAIOT  ONPEICIHUThH
MaKpOKHHETHYCCKHE XapaKTePUCTUKA B KaKIOH TOUYKE KaHaJla C MPOH3BOJIHHBIM
pacrpenelieHueM TPaHHYHBIX CKOPOCTEH TEUCHUS HEHBIOTOHOBCKHX KHIKOCTEH, BSI3KOCTh
KOTOPBIX 3aBHCHUT OT CKOPOCTH CIIBUTA.

KnarwoueBble ciioBa: wuenviomonogckas owcuokocms, Kysmm, meuenue, peonocus,
MOOeib, KAHAIL.

MonenupoBanue padoThl TONKH ¢ PeUPKYJIsIHHEl IPEIOIINX ra30B AJ151 TOHHEJIBHOM
XJ1e0onexapHoi ne4yun

HUrops JIuToBUEHKO
Hayuonanvnwiti ynueepcumem nuwegoix mexnonozuil, Kues, Yxpauna

BBeHeHHe. C OCIBKO ITOBBINICHUA B(l)q)eKTI/IBHOCTI/I pa6OTH HUCTOYHHUKOB TCIIJIOTHI B

TOINKaX TYHHCJIbHBIX xne6oneKapHHx reven HCCJICAOBAaH MPOHECC PCHUPKYIAIUN B HUX
T'pCrOIUX ra3os.
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Matepuanbl n MeToabl. B nanHoit pabore Obuta ucnonb3oBana CAE-nporpamma st
MOJICTUPOBAHUS ABKCHUS KuAKocTed FlowVision, mpuHImI IeficTBUS KOTOPOH OCHOBAH
Ha METOoJIc KOHEYHbIX 3jeMeHTOoB. [Ipu paccuere ObUIM MCHOJIB30BaHBI PEOJIOTHYECKUE U
KMHEMaTHYEeCKUE MapaMeTphl TOPSYUX ra3oB, IOJYYEHHBIE B CBOE BpeMsI IIPH PEabHBIX
MOJIETIBHBIX SKCIIEPUMEHTAX.

Pe3yabraThl U 00cyKIeHHe. Y CTaHOBIICHO, YTO paclpeesieHne CKOPOCTeil 10 ITHHE
TOIKU JIENTUTCSl HA JIBE€ YCTOMYMBBIE OOJACTH: IO OCH TOIKUA M OKOJIO BHEIIHUX CTEHOK
torku. CMelMBaHue ra30B HAYMHAETCS B PACIIPECIUTENLHOM KOpooe.

Temnepartypa razoB 1o mneHTpy noroka cHmwkaercs ot 1900 no 600 °C npakTHUecKH Mo
JIMHEHHOW 3aBucuMocTU. TemrepaTypa Ta30B BO3JI€ CTEHOK TOIKH M3MEHSETCsl 10 BCei
JUTMHE TONKH B auamazoHe oT 260 mo 360 °C, uro o0bscHsACTCA cnaboi TypOyau3almen
MOTOKA.

Ha w3onuHuMsx obnacreidi MaKCHMajbHOW JHMCCHIIAIMKM KUHETUYECKOH OJHEPrHH
OTMEUEHBI 3aBUXPEHMs B JIBYX JIOKAJIBHBIX oOmactsx. [lepBast 001acTh — KOJNBIO BOKPYT
BBIXO/Ia MIPOJYKTOB CrOpaHusi U3 KaMephbl cropanus. Bropas obiacth — B 00J1aCTH CY)KEHUs
Torku. OHa HaXOJUTCS yXKe TIPU BBIXOZIE B PACIIPEACITUTENBHBIA KOPOO.

BriepBbie nonydeHa BU3yasbHas M YUCICHHAs MH(OPMAIMS, KOTOpas OTPa)KaeT, Kak
KOMOMHAIIMS MECTHBIX COIPOTHBIIEHWH pa3HOrO THIA B Tra30BOM TpakTe BIMSET Ha
3Ha4YeHHe KpuTepus PeliHomb/ca 1 XapakTep ABHKEHHS IPEIOLIEro areHTa.

[pennoxxeHo 00OpynOBaTh TONKHA MOAOOHOTO THMA JOMOJTHUTEIBHBIMHU JETATSIMU —
KOJIbIIEBBIMU aiibamu. Jloka3zaHoO, 4TO OHM HW3MEHSIOT HAIpaBJIEHHE ITOTOKOB Tra3oB
PELUPKYJSIIIMK TaK, YTO IIPOMCXOAWUT aKTHBHOE HX MEpEeMEIIMBaHUE C IPOLYyKTaMH
CropaHwusl 1o BCe JIJTMHE TOIIKH.

BouiBonbl. [IpoBeneHHOE KOMIBIOTEPHOE MOJETUPOBAHHE PAOOTHI TOMKH IO3BOJIHIIO
O0OHapYKUTh U JIOKAJIM30BaTh HEMOCTATKU CYIIECTBYIOLIEH 0a30BOH KOHCTPYKIMH, a TAKKE
MIPEUIOKUTH CITOCOOBI MOJICPHU3AIIUH YCTPOHCTBA.

KialoueBble ciloBa: neus myHHeNbHAsA, MONKA, 2a43, HA2pes, PeYUpKyIAYUs.,
cmeuiuganue.

JKOHOMMKA U ynpasBieHue

OO1IecTBeHHOE BOCTIPUSATHE YPOBHS Ka4ecTBAa M (€30MaCHOCTH KOMMeEPYeCKHX
OpeHI0B Janum

Y naxus Cynrana Jxyrxu'~, M. Bypxan Yy’
1 - paxynomem nuwgesoil undicenepuu, Yumazoneckuil yHugepcumem emepuHapuy u
arcugomuosoocmaa, Yumazone, banenaoew
2 - haxyrbmem nuwedoll mexHoI02uU U nepepabamviearoujell NPOMblULIEeHHOCU,
banenaoewckuii acpapnvil ynusepcumem, Mumencunex, banenadewt.
3 - paxyrbmem 6UODYHKYUOHATLHOU HAYKU U meXHOoI02uu, Boicuias wixona buocgeprotl
Hayku, Xupocumcrkom ynueepcumem, Xupocuma, Anonus

Beenenue. IToTpeOurenu CTaHOBATCS Oojiee CO3HATENBHBIMH K O€30MACHOCTH H
Ka4yeCTBY MMHUINEBBIX MPOIYKTOB. B acnekre kauecTBa ¥ 0€30MaCHOCTH MTUINEBBIX POYKTOB
ObUIO MPOBEIEHO HCCIIEIOBAHHME OLIEHKH KAaueCTBa HEKOTOPBIX KOMMEPUYECKHX OpEHIOB
OaHIIaJeICKUX JIAIIIIIHN.

Matepuaibl 1 MeToAbIL. VcciaenoBanue MpoBOAMIOCH B Ba dTama. Ha mepBoM asrare
OCYIIECTBIICHO OOIIMI ONpPOC IS OMpENe/CHUs OUECHKH OTHOIIEHHWE ITOTPEOHTENs K
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JIamie, KOTOPOE OXBAaTHIBAJIO HACENICHHs pa3HbIX oOnacredt banrmanema. I[Torpeburenu
YTBEPKIAIOT, YTO BCE KOMITAHUHM 10 ITPOU3BOMCTRY JIAIIIIN (HaTbCUPUIUPYIOT IPOTYKIUIO
ITyTEM HCIIOJIb30BAHUS MYKA HU3KOT'O COPTa M BPEIHBIX IMHUIIECBBIX KpacHTEIeH, KOTOphIS
OIMacHBI I 3M0pOBbs. Ha BTOpOM 3Tame Ha MECTHBIX PhIHKaX BBIOPAHO YeThIpe oOpasia
(¢uUpMeHHBIX OpEHIOB JIANIIX JUIS OICHKH XMMHYECKOTO COCTaBa, KYJIHMHAPHBIX
0COOEHHOCTEW, MUKPOOHOTO ITPO(HIISI U CEHCOPHOM OLIEHKH.

PesynbraTel u 06cy:kaeHne. OOpasifpl AN OTOOPAHBI B TUAMA30HE: BIAKHOCTh —
7,07-10,70%, 3oma — 1,01-2,70%, »xxup — 0,40-0,73%, ceipoii nporeun — 11,00-11,17%,
ceipast kimerdatka — 0,05-0,30%, oOmee coxmepkanue yriesomo — 74,19-80,34%,
conepkanue kpaxmama — 61,09 -66,35%, pH — 8,15-8,88. Crenenp kieiictepuzaium,
KHCJIOTHOCTh M HEPTeTUYECKYIO IIEHHOCTh OTOOpaHbl B nuama3oHe 96,55-99,85%, 0,79-
0,85 wmr/r u 344,52-370,53 xkan/100 r cooTBeTcTBEHHO. MUKpPOOHBIH TpodUIb
MOKa3bIBa€T, YTO HAa TMPECANPUATUSIX OTPACIH  IOJJICPKUBAIOTCS — HaJJIeXkKallue
TUTUCHUYCCKUE YCIOBHS IPH MPOU3BOJICTBE JIAmKd B cooTBeTcTBUU ¢ GMP, Takke He
BBISIBIICHO HHM OIHOrO (DEKaJbHOTO 3arpsi3HEHHs U JII000H MHMKPOOMOJIOrMYecKOn
omacHocTH. KynuHapHbIe XapaKTEpUCTHKH BCEX 00pa3IIOB JIAIIIIA ObUTH pa3HOo00pa3HbI, HO
BCC HMENU MpHeMJIEMOe KadecTBO. BpIiBieHO cymiectBeHHoe otiamuue (p <0,05) B
TJIQIKOCTH, JKENITH3HE, Oenn3He u Onecke. HecMOTpst Ha pa3HOOOPa3HOCTh ONMHUCATENBHBIX
OIICHOK, IOJYYCHHBIC pE3YyIbTaThl OKAa3aJUCh YIOBJICTBOPUTEILHBIMU. BBISBICHO
cymiectBenHoe paznuune (p <0,05) Bo BceX CEHCOPHBIX aTpuOyTax (I[BET, 3amax, BKYC,
TEKCTypa M OOIMas MPUEMJICMOCTb) CpPEIH Jallld, HO YIOBJICTBOPUTEILHBIC OLCHKU
JIOCTUTHYTBI JJIs BCEX 00pa3IIOB JIAIIIH.

BoiBoapl. OOpasibl TOPrOBBIX MAapOK JIAIIIKA COOTBETCTBYIOT —JIEHCTBYIOIIUM
TpeOoBanusaM.  ClefoBaTeabHO, MNPEANONIOKEHHE IMOTpeOUTENeli B OTHOIICHUU
KOMMEPYECKUX OpEHJIOB JIAIIIIIN SBJISIFOTCS ONIMOOYHBIMH.

KnroueBsie ciioBa: nompebumens, nogedenue, 1anuid, XUMuKam, MUKpPOOPSAHU3M.

Cucrema KadyecTBa MAapKHUPOBKH MUIICBLIX IIPOAYKTOB B EBpOHeﬁCKOM Coroze

Tomam Canunex
Yuueepcumem sxonomuxu, Ipaea, Pecnybuxa Yexus

Beenenue. B crarbe paccmarpuBatoTcss Monenu Eponeiickoro Corosza mo 3ammuTe
0003HaYEHHSI TPOHUCXOXKIEHHs, Teorpadryeckoil IPUHAUIOKHOCTH U  o0ecrieueHus
TPaJULIUOHHBIX OCOOEHHOCTEH MapKHPOBOK, KOTOpbIE HCHONB3YIOTCS B CEIBCKOM
XO34HCTBE U MUIIEBON MPOTYKIIHH.

Matepuanbl u MeToabl. lcronb30BaHbl BTOPHYHBIE JaHHBIE M3 0a3bl JaHHBIX O
npoucxoxaeHun u perucrpanuu. OOpaszen cocrosut ¢ 1356 MapKHpOBOK (3THKETOK),
3apETUCTPUPOBAHHBIX B 3TOoW Oaze mo 18 wmroms 2016 roma. YactoTa HCHONB30BaHUS
MapKHPOBOK aHAJIU3UPOBAIACH B 3aBUCHMOCTH OT CTpaHbI, TUIa MAapKHPOBKU U KJIAcCOB
MIPOJYKTOB.

PesynbTaTsl 1 00cy:xaeHHe. 3agaueil uccaenoBaHus ABISETCSA aHATIU3 UCIIOIb30BaHUS
yKa3aHHBIX MapKHPOBOK Ha pbriHKe EBponeiickoro Coro3a B COOTBETCTBUU C BHIOPAaHHBIMHU
KPUTEPUSIMHU, KOTOpBIE BKIIIOYAIOT THI MapKUPOBKH, 3apETHMCTPUPOBAHHBIA B Ka)IOW
CTpaHe, KOJIIMYECTBO CEIbCKOXO03HCTBEHHONW MPOIYKIMH U TPOAOBOIBECTBEHHBIX TOBAPOB,
3apEerHMCTPUPOBAHHBIX KaK KauyeCTBEHHbIE OTHUKETKM B 1eldoM. Kak TmoKa3bIBalOT
pe3ynbTaThl, HauOOJbIee KOJMYECTBO HA3BAaHUH MPOJIYKTOB 3apEruCTPHPOBAHO C
MapkupoBkoii PDO, ¢ nebonbioii paznHuneii — ¢ mapkupoBkoid PGI. Tonbko MHUHUMYM
MIPOAYKTOB 3apeructpuponad kak TSG. JlomuHupyromeit crpanoii spinserca Uranus, nanee
CIEeNYIOT JApyrue cpenu3eMHoMopckue crpanbl - @pannus, Mcmanusa, [lopryramus u
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I'penust. C ydeToM Kiacca NpoiyKTa HauOosee pacripoCTpaHEHHBIMH KIaCCaMH SIBIISTIOTCS
¢pyxTel, oBomy u 3epHoBble (s PGI, PDO), ceipet (PDO) u mscubie npoaykrsl (TSG,
PGI), uro monTBepkIaeT aHaJ M3 KBaJpara KpUTEpUEB He3aBHCHMMOCTH Ilupcona uis
OIIpeJIeIeHUsI CYIECTBEHHBIX Pa3IMYMid MEXIy YaCTOTOH HCIOJIb30BaHMUS MApKHUPOBOK M
YIIOMSIHYTBIX KpuTepueB. lloaTBepikaeHa cnabas 3aBHCUMOCTh MEXKIY KOJUYECTBOM
Ha3BaHUM TNpoAyKTOB, 3apeructpupoBaHHblx kak PDO, PGI u TSG, u crpanoit
MIPOUCXOXKEHHS, CPEIHSAS 3aBHCHMOCTb MEXAYy THIIOM MAapKHPOBOK M  KJIACCOM
MIPOAYKIIUH, TJIe UCTIOIb3yeTCs MApKUPOBKa, M 3HAYMTENIbHASI 3aBUCHMOCTh MEX]y CTPaHOU
MIPOUCXOXKIEHHS U KJIACCOM TPOAYKTa, KOTOPBIN Yallle BCEro perucTpUPYyeETCs.

BeiBoa. PDO, PGI u TSG cxembl MONE3HBI U MOTPEOUTENCH U TPOU3BOJUTEIICH.
[oTpeOuTenn TNOKYMalOT MPOAYKT C ONpElNeSeHHBIMH KauecTBaMH JI00aBIICHHOW
CTOMMOCTH.

KiroueBnle ciioBa: mapkuposka, kauecmeo, 6aza dannvix, DOOR, EC, eoa.
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Instructions for authors

Dear colleagues!

The Editorial Board of scientific periodical
«Ukrainian Food Journal»
invites you to publication of your scientific research.

Requirements for article:

Language — English, Ukrainian, Russian

Size of the article — 8—15 pages in Microsoft Word 2003 and earlier versions with
filename extension *.doc (!)

All article elements should be in Times New Roman, font size 14, 1 line intervals,
margins on both sides 2 cm.

The structure of the article:
The title of the article
Authors (full name and surname)
Institution, where the work performed.
Abstract (2/3 of page). The structure of the abstract should correspond to the structure
f the article (Introduction, Materials and methods, Results and discussion, Conclusion).
Key words.
oints from 1 to 5 should be in English, Ukrainian and Russian.
The main body of the article should contain the following obligatory parts:
Introduction
Materials and methods
Results and discussing
Conclusion
e References
If you need you can add another parts and divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place of work,
email and contact phone number).

NTLQ AW~

All figures should be made in graphic editor, the font size 14.
The background of the graphs and charts should be only in white color. The color of

the figure elements (lines, grid, text) — in black color.

Figures and EXCEL format files with graphs additionally should submit in separate
files.

Photos are not appropriate to use.

Website of Ukrainian Food Journal: http://ufj.ho.ua

Extended articles should be sent by email to: ufj nuft@meta.ua
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IIIanoBHi KoJeru!

Penakuiiina xoseris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
sanporrye Bac 1o myOmikariii pe3yabTaTiB HAyKOBHX JOCIIIKCHb.

Bumorn 1o opopmiieHHs cTaTei

MoBH cTateii — aHIITIHChKA, YKpaiHChKa, pOCifiChKa

PexomenoBanuit oocar crarti — 8—15 cropinok dpopmary A4.

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B hopmari *.doc.
Jls Bcix enementiB cratti mpudt — Times New Roman, xerns — 14, intepain — 1.
Bci monst cropinku — 1o 2 cm.

CtpykTypa cTaTTi:

1. VK.
2. Ha3Ba crarri.
3. ABrtopu craTtti (iM’s Ta mpi3BHIIE NOBHICTIO, pukna;: JleHuc O3epsiHKO).
4. Yemanosa, 6 axiil sukonana poboma.
5. Anorarist. O00B’I3K0Ba CTPYKTYpa aHOTAIIIi:

«  Beryn (2-3 psaaxn).

«  Marepianu Ta Mmetoau (10 5 psAAKiB)

«  PesynbraTi Ta 00roBOpeHHs (IiB CTOPIHKM).

«  BucnoBku (2-3 psaaxn).
6. Kirtouosi ciioBa (3—5 ciiB, aje He CIIOBOCIIONTYYEHbD).

IIyHkTH 2—6 BUKOHATH aHIIiHCHKOI0, YKPATHCBKOIO Ta POCiiicbK0I0 MOBaMU.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchHoBku
. Jlireparypa.
3a HeoOXiJHOCTI MOXKHA JIOAaBaTH iHIII PO3/iNIK Ta PO30MBATH IX Ha IiIPO3ALNIH.

8. ABTopchka moBinka (IIpi3Buie, iM’st Ta 10 6aTHKOBI, BUSHUI CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, 10 AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHAITY.

PucyHkn BHKOHYIOTbCS sikicHO. CKaHOBaHI PUCYHKM He NpUHMarOThCs. Po3Mip Tekcry Ha
pucyHkax moBuHeH Oyru cmiBpo3mipuum (!) Texcry crarri. @otorpadii 0OaxkaHo He
BHKOPHUCTOBYBATH.

®oH rpadikis, miarpam — nuie 6inuit. Komip enementiB pucyHky (niHii, ciTka, TeKCT) — YOpHHI
(ue cipuii).

Pucynxu ta rpadiku EXCEL 3 rpadikamMu 101aTKOBO HOJAIOTHCS B OKpeMHX (aiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTI Ta Ha rpadikax INO3HAYAIOTHCA JATHMHCHKUMU
niTepamu BianoBinHo 1o cucremu CL

B crnucky sitepaTypu NOBHHHI IepeBakaTH CTarTi Ta MoHorpadii iHO3eMHHX aBTOpIB, SKi
omybnikosasi micis 2000 poky.
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IIpaBuna odgopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIIpOIIEHE
oopMIIEHHST CITUCKY JIiTepaTypu 3rimHo craHmapty Garvard. Bei eneMeHTH HOCHIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanns), Ha3pa crarrti, HazBa xypnaay (kypcuBom), Tom
(HOMep), CTOPiHKH.
I[HiIiany MUITYThCS TICIS HPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
1. Tlpuxnan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocujIaHHA HA KHUTY:
ABTopHu (pik), HazBa kuuru (kypcusom), BugaBuunrso, Micto.
[HiIiany mUITYThCS TICIS MPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
[puxnan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocuiiaHHs Ha eJIeKTPOHHMIA pecypc:

BukoHyeTbCsl aHAJOTiYHO TMOCWIIAHHIO Ha KHUTY abo crartio. Ilicns odopmiteHHs
JAHUX TPO MyOJTiKaIlito MUIITYTHCS clI0Ba available at: Ta Bka3yeThCs CIEKTPOHHA aapeca.
[puxnaau:
1. (2013), Svitovi naukovometrychni bazy, available at:
http://www]1.nas.gov.ua/publications/q_a /Pages/scopus.aspx
2. Cheung T. (2011), World's 50 most delicious drinks [Text], available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Crmcok  niteparypu  OpOPMIIIOETBCS  JIMIE JIATHHHUILEK. EJEMEeHTH CHUCKy
YKpPaiHChKOIO Ta POCIHCHKOK MOBOIO MOTPiOHO TpaHcmiTepyBaTH. s TpaHciiTepamii 3
YKpaTHCHKOI0 MOBU BHKOPHCTOBYETHCS MACIIOPTHUI CTaHIAPT, a 3 POCIHCHKOI — CTaHAApT
MB/] (B 1ux craHmapTax BUKOPHCTOBYIOTHCS CHMBOJIH JIMILE aHTITIHChKOro andasity, 6e3
XBOCTHKIB, ariocTpodiB Ta iH).

3pyu4Hi caiiTi 115 TpaHcaiTepanmii:

3 ykpaincekoi MoBH — http://translit.kh.ua/#lat/passport

3 pociticbkoi MoBH — http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukiiag opopmJeHHs CTATTI — HA CAMTI

http://ufj.ho.ua

CTaTTs HAJACUJIAETHCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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VK 663/664
Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi cTarTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka nmyouikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis Iporiecu Ta 00aTHAHHS

XapuoBa XiMis HanorexHosorii

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHS

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOIYKTIB YnakoBKa Juisi Xap4OBHX MPOIYKTIB
SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB 310poB's

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

PesynpraT JOCHiKEHb, TPENCTABICHI B JKypHalli, NOBHHHI OYTH HOBHUMH, MaTH
YITKUH 3B'A30K 3 XapyoBOIO HAYKOK 1 TMPEACTaBISATH IHTEPEC IS MIXKHAPOIHOTO
HAyKOBOTO CITIBTOBAPHCTBA.

Ukrainian Food Journal iHmekcyeTbcs HAYKOMETPHYHUMHU Oa3aMH:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)

Penensisn pykommcy crarri. Martepianu, npencraBieHi s IyONliKyBaHHS B
«Ukrainian Food Journal», npoxoasits «IlonsiiiHe ciine perieH3yBaHHS» BOMa BUYCHUMH,
MPU3HAYEHUMH PENAKI[IIfHOI0 KOJIETI€I0: OIMH € YJICHOM PENKOJIerii 1 OAWH He3aJeKHUN
YUEHHH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTa HE € MOPYIICHHSM OY/Ib-
SKHX aBTOPCHKMX IIpaB, Ta BiJIIKOJOBYIOTh BHIABIIO MOPYIIEHHS JaHOi TapaHTil.
OnyOnikoBaHi MaTepianu € npaBoBoto BiacHicTio BuaBng «Ukrainian Food Journaly,
SIKIIO HE Y3TOJDKEHO 1HIIE.

MoniTuka axagemiunoi ermkn. Penakuis «Ukrainian Food Journal» xopucryerbcs
MpaBWJIaMHM aKaJIeMiuHOi eTHKH, BHKIaZeHuUX B pobori Miguel Roig (2003, 2006)
"Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A guide to
ethical writing”. Penaxiiiss nporoHye aBTOpaM cTaTed 1 peleH3eHTaM IPsAMO CIiayBaTH
LLOMY KEPIBHHUITBY, 00 YHUKHYTH IOMHJIOK y HaYKOBI# JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIAa KOpHCHA iH(pOpMAIis pO3MillleH] Ha CaiTi

http://ufj.ho.ua
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PenakuiiHa koneris
TI'onoBHUIT pexakTop:

Basnepiiit MaHk, 1-p. TexH. HayK, nipod., Hayionanvruil yrHieepcumem xapuoeux
mexuonozil, Yrpaina

YiieHn pegakuiiHoi KoJierii:

AdekcaHap MamueB, I-p. TeXH. HayK, 0pod., @inizs Mockoecbkozo Oepacashoco
VHIgepcumemy mexnonozii ma ynpasninus 6 M. Meneys, Pecnyonixa bawxopmocman, Pocis
Amnarodiii CaiiranoB, I-p. eKOH. HayK, pod., lucmumym cucmemrnux docnioxcenv 6 AIIK
HAH benapyci

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhutl yHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaHJ. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Birauniii Tapan, n-p. TexH. Hayk, npod., Hayionanvhuil yHieepcumem xapuosux
mexHonoeil, Yxpaina

Bogogumup Kobaca, n-p. TexH. Hayk, npod., Hayionanvhutl yrHieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, 1-p., npod., Jepocasuuil ynisepcumem losu, CILIA

Baagimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHuti
mexHiuHUll yHigepcumem

Ianuna CimaxiHa, 1-p. TexH. HayK, npod., Hayionanvruil ynigepcumem xapuoux
mexuonozil, Ykpaina

Ipuna ®enyaoBa, a1-p. eKoH.HayK, npod., Hayionanvhuil ynieepcumem xapuosux
mexuonozil, Ykpaina

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrtina Ilomosuw, 1-p., noi., Texuiunuil ynieepcumem Monoosu

Mukosna CaueBCbKHid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcie HAAH
Yrpainu

Mapk Hlamusia, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvkuil OepoicasHuil
mexuono2iunul incmumym, Pocis

Ounexcanap llleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil yHieepcumem xapuoeux
mexuonozil, Yrpaina

Ounena I'padoBchKa, 1-p. TEXH. HayK, npod., Hayionanvhuil yrigepcumem xapuoeux
mexuonozil, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionanvruil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Ouabra IleryxoBa, A-p. €KOH. HAaYK, J0I., Hayionanvuuii ynisepcumem xapuosux
mexuonozil, Ykpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHOninbCoKull HAYIOHATbHUL MEXHIYHULL
yuiepecumem imeni leana Ilymos, Yipaina

Mackane Qwonwo, 1-p, Yuisepcumem Knoo Bepuapo Jlion 1, @panyis
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Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tersina MocTeHcbKa, JI-p. €KOH. HayK, pod., Hayionanvnuil yHisepcumem xapyosux
mexuonozil, Ykpaina

Tersana [Mupor, a-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [onrvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocwexozo HAH Ykpainu

Opiii binawn, n-p., ll]eyuncokuii ynigepcumem, Ilonvwa

Ouekciii I'ybens (BianoBiganbHuil cekpeTap), KaH. TEXH. HAayK, 0., HayionanvHuil
VHigepcumem xap1oeux mexnonozii, Yxpaina.
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