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Introduction. Native starches are the most consumed
polysaccharides in human diet. They are used in several
industries as food, textile, pharmaceutic, etc. However due to
some limitations starches should be modified chemically.

Materials and methods. Corn starch modified with
standard solutions of potassium permanganate (KMnO,) was
analysed by simultaneous thermogravimetry-differential
thermal analysis, differential scanning calorimetry, rapid
viscoamylographic analysis, field emission gun-scanning
electron microscopy/energy dispersive spectroscopy, X-ray
powder diffraction and colorimetric analysis.

Results and discussion. Corn starch was oxidised with
KMnOy at different concentrations (0.01; 0.02 and 0.05 mol
L") at pH = 6.0 for 1 hour. After filtered, washed and dried
at 40 °C by 24 hours, the properties of the samples were
investigated. =~ Thermogravimetric ~curves showed an
endothermic peak attributed to evaporation of water and two
exothermic peaks, which refer to the decomposition and
oxidation of organic matter until the formation of ash. A
period of stability was observed, which decrease after
modification. The gelatinisation of oxidised starch occurred
at higher peak temperatures and also required higher
gelatinisation enthalpy. The viscosity of the samples was
significantly reduced and the relative crystallinity increased
in proportion to the oxidant concentration used. Manganese
and potassium content increased with the modification.
There were no morphological changes after oxidation;
however a darkening of the samples was identified due to the
presence of potassium and manganese observed by energy
dispersive spectroscopy (EDS).

Conclusions. The obtained fluid paste with low
retrogradation tendency suggests the application of oxidised
starch in the paper industry.
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Introduction

Due to the high productivity and its nutritional importance, corn has become the most
cultivated and consumed cereal. It plays an important role as a staple food, especially in
less developed countries. Corn flour has a high starch content which can be used in various
food and non-food products, such as papers, textiles and pharmaceutical excipients. In the
food industry the starch is used to optimize the technological properties, performing
functions such as gelling agent, stabilizer, thickener and absorbent [1, 2, 3].

Numerous researches about starches from different sources have been conducted in
order to evaluate its properties and to define its best application. Thus, modifications can be
made to suppress limitations and to expand its industrial use, such as the chemical
modification by oxidation using potassium permanganate [4].

The main use of oxidised starches is concentrated in the paper industry. This type of
modification occurs through the addition of an oxidising agent in the starch in appropriate
amounts, under a controlled time, temperature and pH. During the oxidation process, the
hydroxyl groups present at C-1, C-2 and C-3 of the starch molecules are initially oxidised
to carbonyl groups and then to carboxyl groups, which indicate the degree of oxidation.
Parallel to this, there is the breaking of glycoside bonds with partial depolymerisation of
starch [5].

The major oxidising agent employed is sodium hypochlorite, but its use is associated
with the formation of toxic chlorinated by-products. However, hydrogen peroxide,
ammonium persulfate, sodium bromate and potassium permanganate also can be used. The
oxidation reaction using permanganate is very complex because it produces free radicals
(reduction of Mn*" to both Mn®" or Mn?") and/or direct oxidation [3,6].

Many tools are used to evaluate thermal behaviour of starches, as well as thermal
analysis [7,8]. Thermogravimetry (TG) is a technique that evaluates the mass variation of a
sample in function of temperature or time. Differential scanning calorimetry (DSC)
measures the heat flow between a sample and a reference material subjected to a
temperature change. Through these and some others techniques such as morphological,
structural and rheological analysis can be identified changes in the behaviour of the
modified starches [9].

Therefore, this study aims the modification of corn starch by oxidation using potassium
permanganate (KMnO4) at different concentrations (0.01; 0.02 and 0.05 mol L). The
samples were characterised by thermogravimetry and differential thermal analysis (TG-
DTA), differential scanning calorimetry (DSC); rapid viscoamylographic analysis (RVA);
field emission gun/scanning electron microscopy with energy dispersive spectroscopy
(FEG-SEM/EDS), X-ray powder diffraction (XRD) and colorimetric analysis.

Materials and methods

Starch modification

The native maize starch was bought in Colombo, PR, Brazil and it was divided into
four parts of 20 g (dry basis). One sample (a) was maintained in the native form. The
modification was performed according to literature with some modifications [10]. The
samples were treated at pH 6.0, for 1 h with standard potassium permanganate (KMnOy,) at
concentrations of 0.01 mol L (b), 0.02 mol L (c) 0.05 mol L (d). Then the samples were
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washed and filtered until the complete elimination of the oxidising agent. After this, the
modified samples were dried in an oven with forced air circulation at 35 °C for 24 h.

Thermogravimetric study (TG-DTA)

The TG-DTA curves were obtained using a thermal analysis system (Shimadzu, model
DTG-60H). Approximately 6.0-8.0 mg of the samples were heated from 30 °C to 600 °C in
an open alumina crucibles under a synthetic air flow of 50 mL min' and a heating rate of
10 °C min"'. The instrument was previously calibrated with standard weight and
monohydrated calcium oxalate standard. All the mass loss percentages were determined
using TA-60WS software [11].

Differential scanning calorimetry (DSC)

The DSC curves were obtained using a thermal analysis system (TA-Instruments,
model DSC-Q200, USA). The DSC curves were recorded under an air flow of 50 mL min™
and heating rate of 10 °C min™. A suspension with 2.5 mg of the samples in a proportion of
4:1 (water:starch w/w) was prepared in aluminium crucibles which were sealed and left for
1 h to equilibrate the moisture content. The instrument was previously calibrated with
99.99% purity Indium, mp = 156.6 °C, AH =28.56 J g [12].

Rapid viscoamylographic analysis (RVA)

The pasting properties of the samples were obtained using a viscometer (Newport
Scientific, model RVA-4, Australia). Suspensions of 3.0 g of starch in 25.0 g of distilled
water were submitted to a controlled process of heating and cooling under constant stirring,
where the samples were held at 50 °C for two min, heated from 50 to 95 °C at 6 °C min™,
held at 95 °C for 5 min, cooled to 50 °C at 6 °C min™ and held at 50 °C for 2 min [13].

Field emission gun-scanning electron microscopy/Energy dispersive spectroscopy
(FEG-SEM/EDS)

The micro-images of the native and modified samples were obtained using field
emission gun-scanning electron microscopy (FEG-SEM) (MIRA 3, Tescan, Czech
Republic). The samples were placed on a carbon tape and pulverised with gold and
palladium to promote the electrons conductivity. A tension of 20 kV was generated by a
lamp with tungsten filament [14]. The chemicals elements present in the samples were
identified by EDS, which is based on the released energy measurement when an excited
atom (due to electron beam that focuses on the sample) returns to its normal state.

X-ray diffractometry (XRD)

The X-ray diffraction patterns were obtained using an X-ray diffractometer (Rigaku,
model Ultima, Japan), employing Cu Ko radiation (A = 1.541 A) and settings of 40 kV and
20 mA. An angular range of 5-50° (20) with a scanning speed of 8° min" and a step of
0.06° was used in order to detect the scattered radiation. The degree of relative crystallinity
was quantitatively estimated using Eq. 1 and according to the literature [15].

A
Xe =—"—:100 )
[, + A4,
where Xc = relative crystallinity; 4, = peak area; A, = basis area which refers to amorphous
area of diffractogram.
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Colorimetric analysis

Colour parameters of the starch samples were determined using a reflectance
spectrophotometer, model MiniScan XE 45/0-L Plus (Hunter Inc., USA). This technique
consists in the evaluation of three colour components: L*, a* and b*. The L* parameter
correspond to the lightness (from 0, black to 100, white); a* indicates the tendency to red
(+) and green (-), and b* indicates the tendency to yellow (+) or blue (-) [11].

Statistical analysis

The analyses were performed in triplicate. All the averages of the samples were
analysed by variance analysis (ANOVA) and Tukey’s test with a 95% confidence interval
(p<0.05), using STATISTICA 7.0 software (StatSoft, Inc., Tulsa, OK, USA).

Results and discussion

Thermogravimetry-Differential thermal analysis (TG-DTA)

The thermogravimetric curves of the native and treated samples (TG-DTA), Figure 1,
presented three main events of mass loss. The first event, which corresponds to the
endothermic peak shown by DTA curve, was attributed to evaporation of water and volatile
compounds. After this, a period of stability was observed, registering the highest thermal
stability for the native sample. The second and third exothermic events refer to the
decomposition and oxidation of organic matter until the formation of ash. Similar results
were found in the literature [16, 17].

The values obtained by TG-DTA curves are shown in Table 1. The dehydration of the
samples occurred in a temperature range from 30 to 150 °C, as reported by Liu ef al. [18].
Compared with the centesimal composition analysis, the thermogravimetric method has
advantages such as lower mass and time required [19]. The modification by KMnO,
decreased the thermal stability of corn starch to temperatures between 215-249 °C. This
may be related to the presence of mono and divalent metal ions complexed with starch
granules from anionic groups, such as carboxyl groups formed after the oxidation [20].

The final temperature of decomposition was similar for all the samples (592—-599 °C),
resulting in 0.7% ash for native sample and 1.8; 3.3 and 3.5% for the modified samples (b-
d), respectively. The increase in the ash content was attributed to the presence of
manganese and potassium in the samples due to modification, which was confirmed with
EDS analysis.
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(Continuation of Figure 1 see on next page)
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Table 1
TG-DTA results for native (a) and modified corn starch with standard KMnO, at 0.01 mol L™
(b); 0.02 mol L™ (¢) and 0.05 mol L (d)

Sample TG Results DTA Results
Step Am (%) AT (°C) Tp (°O)
1™ 13.3 30-158 58.7 (Endo)
() Stabidlity - 158-249 -
2" 71.9 249-431 316.3 (Exo)
31 14.1 431-592 512.2 (Exo)
1™ 14.5 30-159 62.2 (Endo)
(b) Staﬁidlity - 159-224 -
2 61.4 224-360 308.6 (Exo)
31 22.3 360-592 397.7 (Exo)
1™ 15.00 30-136 67.1 (Endo)
© Stabidlity - 136-215 -
2" 52.8 215-346 315.2 (Exo)
31 28.9 346594 479.2 (Exo)
1™ 12.1 30-146 67.5 (Endo)
) Sta‘tiidlity - 146237 -
2 52.1 237-406 313.9 (Exo)
31 32.3 40659 462.3 (Exo)

Am, mass loss (%); AT, temperature range (°C); Tp, peak temperature (°C).

Gelatinisation study

DSC was used to evaluate the gelatinisation
of native and oxidised samples. The transition in 2
the curves (Figure 2) corresponds to the
dissociation of the amylose and amylopectin
molecules within the starch granules and leaching
out of amylose to the continuous phase,
characteristic of gelatinisation process [21]. There
was a slight shift to the right in the endothermic _
event for the samples (b) and (c) in relation to the ‘ (c)
sample (a). N

The results in Table 2 of native and oxidised
starches were similar to those obtained by Liu et _ (d)
al. [22]. The oxidised samples (b) and (c) had a S~
higher onset temperature (T,) than the native €xo up
sample (a). The sample modified with the highest 40 45 50 55 60 65 70 75 80 85 90
concentration of KMnO, presented the lowest Temperature /°C
value for the onset temperature (T,). The peak
temperatures of modified starches were higher s

. gelatinisation phenomenon for

than the native sample, as well as the native (a) and modified corn starch
gelatinisation enthalpy (AH,) values. It was  yith standard KMnOj at 0.01 mol L
suggested that this occur due to hydrolysis in the  (b); 0.02 mol L (c) and 0.05 mol L (d)
amorphous lamella, resulting in the increased of

(a)

~(b)

Heat flow / mW

Figure 2. DSC curves to the
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the hydration and swelling of starch crystallites, disrupting the crystalline lamella. Thus, a
highest temperature was necessary to oxidised starch gelatinisation [23]. Conclusion
temperature (T.) decreased significantly for the samples (a, b, ¢).

Table 2

DSC gelatinisation results for native (a) and modified corn starch with standard KMnO,

at 0.01 mol L™ (b); 0.02 mol L™ (c) and 0.05 mol L™ (d)

Sample

DSC gelatinisation

7, °C)* 7,(C) T.(°C) AH,y (J g
(a) 66.1 £0.15° 70.8 +0.05° 83.2+1.96° 7.3+0.33°
(b) 67.7 + 0.03° 73.0+0.14° 797+ 1.11° 13.1+0.17°
(c) 66.4+0.41° 73.0 + 0.04° 79.7+ 1.46° 104+ 1.61°
(d) 63.8 +0.33° 71.0 £ 0.04° 79.3 £ 1.00° 9.4+ 0.80°

T, “onset” initial temperature, 7p peak temperature, 7, “endset” conclusion temperature,
AH, gelatinisation enthalpy. Values followed by the same letter in the same column are
not significantly different by Tukey’s test (p<0.05).

Pasting properties (RVA)

The RVA curves are shown in Figure 3. Oxidation of starch with potassium
permanganate caused a reduction in the viscosity peak of the samples. This reduction can
be attributed to degradation of the starch chains caused by oxidation, with consequent
reduction of the molecular weight [24]. This type of starch can be used in the batter
applications because it promotes a higher binding and stability[23].
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Figure 3. RVA curves for native (a) and modified corn starch with standard KMnO,
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at 0.01 mol L™ (b); 0.02 mol L™ (c) and 0.05 mol L™ (d)
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There was significant difference between the samples for all the parameters. The
lowest value for the peak viscosity (Table 3) was observed to the sample (d), modified with
the highest concentration of KMnO,. It was not possible to determine the pasting
temperature for the sample (d), probably due to the low peak viscosity value. The sample
(b) presented a significant reduction in this parameter.

Since there was a major disruption of the starch chains by the modification, there was
no reassociation of amylose chains during cooling the starch slurry (setback), which can
also be confirmed by the low values of final viscosity recorded.

Table 3
RVA results for native (a) and modified corn starch with standard KMnOj, at 0.01 mol L™ (b);
0.02 mol L (c) and 0.05 mol L™ (d)

Pasting Viscosity Setback | Breakdown ‘Fma‘l Peak
Sample | temperature peak (mPa.s) (mPa.s) viscosity time (s)
(°C) (mPa.s) ) ) (mPa.s)
825+ 22463+ | 8898+ | 8149+ | 23237+ | 825%
@) 0.02° 1.53¢ 0.38° 0.15° 0.58 0.02°
. 718 < 1997+ | 15.0% 53322 17.0% | 718+
(b) 0.02° 153 0.01° 021" 0.01° 0.02°
736+ 1657= | 50+ 2052+ 354+ | 736+
© 0.01° 1.15¢ 0.02¢ 0.15° 0.53° 0.01°
. ] 283+ 7.0+ 90.0 530+ _
(@) 1.53¢ 0.01° 0.20¢ 1.00¢

mPa s “millipascal-second”, s “second”. Values followed by the same letter in the same column are
not significantly different by Tukey’s test (p<0.05).

Morphology and determination of metallic ions

The micro-images of the starch granules obtained using field emission gun-scanning
electron microscopy are showed in Figure 4. A polyhedral and irregular shape with flat
surface was observed for corn starch, as found in the literature [9]. There was no change in
the morphology of the granules after modification, as obtained by Zhou et al. [25] after
oxidation of potato starch at low concentrations of sodium hypochlorite. Other studies
reported the appearance of pores on the surface of the starch granules after the oxidation
under alkaline conditions, which was not observed in this study [26].

The average diameter of the untreated and treated maize starch granules was calculated
and its results are presented in Table 4. There was no significant difference between the
average diameter values, although a decrease can be observed with increasing concentration
of the oxidising agent.
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Figure 4. FEG images for native (a) and modified corn starch with standard KMnO,
at 0.01 mol L™ (b); 0.02 mol L™ (c) and 0.05 mol L™ (d)

Table 4
FEG-EDS and XRD results and Colour parameters for native (a) and modified corn starch with
standard KMnOj at 0.01 mol L™ (b); 0.02 mol L™ (c) and 0.05 mol L™ (d)

FEG-EDS Colour parameters
Samples K/Pd Mn/Pd % % %
(Wi%) (W%) d, (um) L a b
13.9+ 932 + -08+ q
(a) N.D. N.D. 0778 s 014 33+08
) 27.8+ 53.4 + 13.1+ 54.6 + 6.0 + 26.0 +
0.12° 6.18° 0.49% 0.19° 0.07° 0.30°
30.6 + 575+ 12.6 + 432 + 8.2+ 283+
(© 1.82° 0.24° 0.54 0.15° 0.02° 0.19°
@ 337+ 61.6 + 12.1+ 27.7+ 9.4+ 22.7+
0.86° 4.46° 0.34° 0.21¢ 0.11° 0.43°

FEG-EDS: weight ratio of potassium and manganese; d,: average diameter. Values followed by
different letters in the same column present significant difference according to Tukey’s test (p<0.05).
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Through EDS it was possible to measure some chemical elements present in the
samples (Figure 4). The identified elements were manganese and potassium, which were
derived from the oxidation of starch with potassium permanganate. The palladium was
added by the metallisation process that is required for FEG analysis. As the metallisation
time was similar for all the samples, it was considered as a constant the palladium content
and it was calculated the relative presence of manganese and potassium on the modified
samples, since there was no presence of these elements in the native sample. The
concentrations are presented in Table 4. With increasing of KMnO, concentration it were
observed an increase of the manganese and potassium concentration in the oxidised
samples.

X-ray powder diffraction (XRD)

X-ray diffractograms for each sample are shown in Figure 5. According to the
literature [27], starch diffraction patterns are related with the main peaks obtained by XRD.
Therefore, when the starch presents peaks at 15; 17; 18 and 23° (20), it can be classified as
A-type. B-type presents peaks at 5.6; 15; 17; 18 and 23°, and C-type shows peaks at 5.5; 15;
17; 22 and 23°, which is considered a mixture of A and B types. The native and modified
corn starches presented the most intense peaks at 15°; 17°; 18° and 23° (20); therefore, the
diffraction pattern was classified as A-type, which is characteristic for starches derived of
cereals [28].
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Figure 5. X-ray diffraction for native (a) and modified corn starch with standard KMnO, at
0.01 mol L™ (b); 0.02 mol L™ (¢) and 0.05 mol L (d)

The relative crystallinity values calculated for the samples were: (a) 30.68 £ 0.36°%; (b)
36.56 + 0.24"; (c) 36.92 + 0.66° and (d) 42.62 + 0.17°. Analysing these values, an increase
in this parameter was observed for the modified samples, with significant difference
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between themselves, except between the samples (b) and (c¢). Similar results were reported
by Zhou et al. [25] for potato starch treated with sodium hypochlorite at low concentrations,
suggesting that oxidation reactions occur mainly in the amorphous regions of the granule.

Colorimetric parameters

The colorimetric parameters are shown in Table 4. The results corroborate the changes
that can be observed visually in the modified starch samples. A significant decrease was
identified in the L* parameter for the oxidised starches (b-d) in relation to the native (a),
which showed a greater tendency to black proportionally to concentration of potassium
permanganate used.

When the samples were treated, a tendency to red and to yellow was observed by the
a* and b* parameters, respectively. This darkening of the samples can be attributed to the
action of the oxidising agent in the starch structure. Similar results were reported by
Pietrzyk et al. [20].

Conclusions

Corn starch was investigated after oxidation with potassium permanganate at different
concentrations.

The TG-DTA analysis showed a highest thermal stability for the native sample. DSC
curves presented higher peak temperature and the gelatinisation enthalpy (AHg) values for
the modified samples.

There was a considerable reduction in peak viscosity of the oxidised samples with
potassium permanganate proportional to the concentration used.

It was detected an increase in the manganese and potassium content for the modified
starches by EDS.

All the samples showed A-type diffraction pattern and the degree of relative
crystallinity was lower for the native sample.

A decrease in the L parameter and a higher tendency to red and yellow were identified
for the oxidised corn starches, resulting in the darkening of them.

Therefore, the modification with potassium permanganate promoted strong changes in
the properties of corn starch. This process can be used to modified the characteristics of
native corn starch as alternative for others oxidising agents, such as sodium hypochlorite
which is associated with the formation of toxic compounds. Besides, the obtained fluid
paste with low retrogradation tendency suggests the application of oxidised starch in the
paper industry.
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Introduction. The microbiological criteria that ensure
sanitary quality and safety of food products, methods for
identifying regulated microorganisms, and the urgency of
accelerated microbiological control of food safety are
characterized.

Materials and methods. The methodology for assessing the
safety of products and the classical and accelerated methods for
determining regulated microbiological indicators that identify
the presence of heat-resistant pathogens of food diseases are
studied. Analytical studies are based on modern literary sources
and some of own results.

Results and  discussion. The characteristics  of
microbiological criteria and requirements for microbiological
safety of food products were given. Analysis of modern
requirements for the sanitary safety of food has shown the need
for microbiological control for the presence of heat-resistant
microorganisms, which are potential pathogens of foodborne
diseases. Microbial species traditionally the main assessment of
their health status such as Clostridium botulinum, Bacillus
cereus, Clostridium perfringens, Staphylococcus aureus were
given. Characteristics of the phenotypes and genotypic
properties of criterial microorganisms — potential causative
agents of foodborne infections and poisonings are given. The
study methodology and methods of control of regulated
microorganisms showed failure and inaccuracy of their
phenotypic diagnosis due to the similarity of morphological and
tinctorial properties within the individual groups, the variability
of'a number of biochemical parameters, weak antigenicity for the
immunological diagnosis, the advent of new metabolic features
associated with the ability to synthesize genes toxicity by
microorganisms, which were traditionally considered to be non-
pathogenic, labor-consuming and durable analysis. Genotypic
diagnostics of microorganisms using modern molecular genetic
methods and methodologies, in contrast to the phenotypic one,
ensures the accuracy of identification, the ability to monitor and
predict the behavior of pathogens of foodborne infections and
toxic infections in products in assessing microbiological risk,
allows accelerated microbiological control of food safety, taking
into account their specific features of composition and
properties, is a reliable method of sanitary control.

Conclusions. Molecular genetic diagnosis of pathogens is a
promising accelerated method for determining food safety and is
relevant especially in the Ukrainian region.
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Introduction

The characteristics of microorganisms that are criterial in assessing the microbiological
safety of food, of the methodology and methods for identifying biological pollutants
occurring in food products — agents of foodborne infections and poisoning, identifying a
potential danger to the consumer with accelerated and reliable methods for controlling food
safety, are relevant.

The aim of the research is to investigate the criteria indicators of sanitary quality and
food safety, methodology and methods for accelerated control of thermally stable regulated
microorganisms — potential causative agents of food poisoning.

Microbiological criteria for food safety. Biological hazards are the main ones in
assessing the degree of risk if they are caused by the presence of microorganisms in
foodstuffs such as bacteria or products of their vital activity, toxigenic molds, viruses;
parasites — helminths and protozoa, as well as insects that are potential carriers of
pathogenic microorganisms [1, 2, 3]. According to statistics, annual economic losses due
to diseases caused by several pathogenic microorganisms in the US amount to 35 billion
dollars, in Australia — up to 2.6 billion Australian dollars, and social losses are
irreplaceable [4, 5].

The reason for increasing the level of biological hazards is the modern fashion for the
consumption of raw or minimally cooked food, the increase in the share of products of
animal origin, improperly prepared or stored long before consumption, through the
expansion of international trade in new types of food raw materials that have changed the
overall a picture of microbiological hazards, a modification of the microorganisms
themselves [5-7].

The Codex Alimentarius Commission has developed guidance documents CAC/GL 21,
«Principles for the Establishment and Application of Microbiological Criteria for Food
Products», CAC/GL-30 «Principles and Guidelines for Microbiological Risk Assessmenty,
where requirements for microbiological safety of food are set out, as well as
microbiological criteria establishing general risk assessment rules that can be used are
indicated [8—10]:

—  to check the conformity of the technological process with the requirements of good
hygiene practice (GHP) and GMP (good manufacturing practice) — good
manufacturing practices and hygiene practices;

— to determine the suitability or unsuitability of the product or batch of products
presented for delivery to the market or already in the sphere of trade;

— to determine the acceptability or unacceptability of new products and new technology
in terms of ensuring microbiological safety;

—  to develop trade agreements between the supplier and the recipient of the products.
General considerations regarding the principles for the development and application of

microbiological criteria for different types of food are given in the Codex Alimentarius

CAC/GL 21 document and other EU policy documents, for example, in the report of the EU

Commission «On the strategy for selecting microbiological criteria for food in the EU food

legislationy, in the EU Guidelines 2073 «On Microbiological Criteria for Food», as well as

in the guidelines of the Federal Food and Drug Administration (USA) [1, 4, 11-13]:

— if it is a question of products with a short shelf life or products of increased demand
that are not delayed in the trade network, the method used must be fast enough so that
the time taken to obtain information about the safety of the product does not exceed
the period of storage or shelf life;

212 —— Ukrainian Food Journal. 2017. Volume 6. Issue 2



Food Technology ——

—  microbiological criteria should be established only when there is a need for them (for
example, in connection with a special epidemiological situation);

—  when determining the criteria, such circumstances as the actual or potential health
hazard, the microbiological status of the raw material, the influence of technological
methods on the microbiological status of the finished product, the possibility of
recontamination of the finished product or the possibility of microorganisms
developing in it at subsequent stages of the technological or life cycle, category of
consumers, for which the product is intended, the way in which the product is used,
the ratio between the costs of control and profit;

—  both pathogenic and indicator organisms can be used as controlled microorganisms;
Instead of microorganisms, their toxins can be controlled;

—  in cases where the pathogens themselves can be isolated reliably, preference should be
given to their direct control, and not to indirect monitoring by indicator
microorganisms;

—  as for the choice of analytical methods, it should be borne in mind that for carrying out
comparative tests in different laboratories only those methods can be used whose
reliability is as far as possible estimated, i.c., statistical indicators of the accuracy of
the results obtained, convergence and reproducibility of the analysis results, In
different laboratories of comparative trials can only be used;

— test methods intended for use in controversial situations should have greater selectivity
and reproducibility of results than the methods used in the production environment
(which, in return for these qualities, should have other advantages, such as speed and
ease of obtaining the necessary information);

— the limits should be established not for individual products but for groups of
homogeneous products, and therefore should be based on the input data obtained for
all such products manufactured under the operating conditions of the HACCP system
and GMP-good manufacturing practices;

— when establishing microbiological criteria, consideration should be given to the
possibility of changing the microflora of the product during its storage during the
specified shelf life, as well as during its redistribution, taking into account the
conditions for storage and transportation of the product, as well as the process of its
preparation for use (if it is required);

—  if the microbiological criterion requires a lack of a microorganism in the product, the
mass or volume of the analytical sample and the number of analytical samples must be
indicated.

Modern sources note [4, 7, 12] that selective control of finished products by
microbiological indicators can not provide the required security guarantees. The necessary
level of microbiological safety of food products can be achieved only through measures of
a preventive nature and mainly through compliance with and control of sanitary norms and
rules, and through the application of control procedures based on the principles of hazard
analysis and control of critical points in the processing and redistribution processes food
(implementation of the principles of the HACCP system) [12].

Requirements for the biological safety of food products. The focus of attention of
hygienists are currently following bacteria, which become sources of food poisoning and
infections: microorganisms of the genus Salmonella, Clostridium botulinum, Clostridium
perfringens, Staphylococcus aureus, Campilobacter jejuni, Yersinia enterocolitica and
Yersinia pseudotuberculosis, Listeria monocytogenes, Vibrio cholerae O and non- O-1,
Vibrio parahaemolyticus, Vibrio vulnificus and other representatives of the genus Vibrio,
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Aeromonas hidrophila, Plesiomonas shigelloides, Shigella, bacteria group Miscellaneous
enterics, Streptococcus, and Escherichia coli [2, 12, 14, 15].

The risk of alimentary diseases make their share as viruses — Hepatitisvirus, Rotavirus,
Norvalk virus etc., as well as parasites such as Helminths and intestinal pathogenic
protozoa, whose source can be water, shellfish, sick animals and humans. Among the
viruses that cause nutritional disorders, it should be noted Hepatitis (A and E) virus,
Rotavirus, Norwalk, and among this organisms infesting and worms [1, 2].

The subject of constant supervision should not be absolutely all the listed
microorganisms, viruses and parasites. Modern food safety systems require control only
over the most dangerous sources of risk, different for different types of food products.
Therefore, one of the key stages in the development of a security management system,
including HACCP systems for each specific type of food, is to assess the magnitude of the
risk and to decide whether or not a particular control effort is appropriate.

Particular attention from these positions should be given to long-term storage products
— to various types of canned, dried foods, semi-canned foods. Depending on the type of
heat treatment — sterilization, sub-sterilization, pasteurization or hot packing, the residual
microflora can be represented by different types of microorganisms [16, 17]. The causative
agents of food poisoning, found among the residual and secondary microflora of full
canned food, are sporiferous microorganisms (Clostridium botulinum, Bacillus cereus,
Clostridium perfringens), and in semis — also staphylococci (Staphylococcus aureus).

Materials and methods

The methodology and methods for assessing the safety of products with the use of
classical methods for determining phenotypic indicators of regulated microorganisms were
investigated. There were such parameters of regulated microorganisms studied as
morphological, tinctorial, cultural, biochemical, physiological, some chemotaxonomic
properties (some of them listed in Table 1) [5, 12, 17-19, 21-23, 25-26, 36] and others.
Methods for rapid determination of regulated microbiological parameters that identify the
presence of heat-resistant food pathogens diseases are based on the determination of
molecular genetic features [24, 31-32, 37-38, 44-52]. The analytical studies are performed
on the basis of modern literary sources and some of own results [27, 34, 35, 39-42].

Results and discussion

1. Characteristics and traditional methods of diagnosis of regulated
microorganisms, which are the causative agents of food poisoning
A brief generalized phenotypic characteristic of the causative agents of food poisoning

that occur in the residual and secondary microflora of products of long-term storage, as well
as their effect on the properties of food products, are given in Table 1 [5, 12, 17-19, etc].
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Table 1

The main characteristics of the causative agents of food poisoning from the residual and
secondary microflora of long-term storage products

Microorganism Morphology and Physiological and Impact on product
type, tinctorial features some biochemical quality,
Determination properties toxigenicity
method
Clostridium Spore-forming large Mesophilus, severe Botulinum toxin can
botulinum, rod-shaped bacterium anaerobic. Catalazo- accumulate without
ISO/TS with rounded ends negative, splits gelatin. | visible changes in the
17919: 2013, measuring (0.3—4.3) x Lactose, sucrose, product. Human disease
[19,26] (3.4-8.6) mkm, at mannitol does not is usually associated

young age is mobile,
gram positive. Spores
oval, subterminal, a cell
with a spike resembles
a tennis racket

ferment, nitrates do
not reduce, indole
does not form. The
fermentation of
glucose, maltose and
salicin varies.
Proteolytic strains A,
B decompose casein,
non-proteolytic B, E,
F — do not decompose
milk casein. There are
eight types of
botulinum toxins
differentiated in
neutralization
reactions with type-
specific diagnostic
antibotulinum sera.
Thermostability at pH
7.0 for C. botulinum A
and B corresponds to
D5 = 0.2 min, for
type E Dgo=1.8 min.
The toxin formation
and multiplication of
C. botulinum is
observed under strictly
anaerobic conditions
at a pH above 4.2
(usually in media with
a pH of 4.5-8.0), with
a NaCl concentration
of not more than 10%
and a sugar content of
not more than 50%.

with intoxication
caused by C. botulinum
types A, B, E, less often
F. The disease caused
by C. botulinum type A
is most often very
severe, lethality is 60-
70% of cases. Diseases
associated with types B
and E are characterized
by a lighter course
(lethality 10-30%). The
development of C.
botulinum under
favorable conditions
(pH above 4.2, water
activity (a,,) above
0.85) leads to the
bombing of cans and
packages, the product
acquires a foreign
smell, most o ften of
butyric acid.
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Table 1 (Continue)

Microorganism | Morphology and Physiological and some Impact on product
type, tinctorial features biochemical properties quality,
Determination toxigenicity
method
Clostridium Large, straight Mesophilic anaerobes (the | Widespread in soils and
perfringens, 1SO | thick sticks with optimum temperature is 37 | water. Food poisoning
79372004 rounded or blunt °C, but C. perfringens can | is associated with the
ends with a size grow over a wide range of | formation and sprouting
(0,9-1,3) x (4,0— temperatures — from 16 to of C. perfringens spores
8,0) mkm. The size | 50 °C). The optimum pH in the gastrointestinal
of the cells depends | value is 6.7-7.6, but they tract. Food poisoning is
on the strain of develop well in products caused mainly by
clostridia, age and | with pH> 5.3, in some strains A and D. Food
substrate. The cells | canned foods with a pH of | poisoning of people is
are arranged in 3.5-5.3. The optimum associated with A-toxin,
groups parallel to value of a,, for the growth the production of
each other, stacked | of C. perfringens is 0.95— enterotoxin and a
in pairs, in pairs, 0.96, the minimum value is | number of enzymes
singly, more rarely | 0.93. Limit the with toxic properties.
— by a chain. Can development and toxin As an exception, with
form a capsule. formation in C. perfringens | massive contamination
Gram-positive, in table salt at a concentration | of C.perfringens
old cultures, 7.4-12% and carbohydra- product, a bombing is
mosaic staining is | tes 7-15%. possible.
possible — cells They have a sulphite-
appear that are reducing ability, cause a
repetitively gram- | rapid fermentation of milk
negative. The with the formation of a
diagnostic sign is spongy bunch, as a rule,
immobility of cells. | decompose gelatin, form
Spores oval, central | lecithinase, hemolysins,
or subterminal. In collagenase, and carry out
contrast to haemolysis. Six types of C.
causative agents of | perfringens are known: A,
botulism, the cell B, C, D, E and F, which are
does not swell distinguished by the
during sporulation | antigenic structure and
antigenic properties of the
toxins they produce.
Spores thermostability Dy,
= 5-145 min.
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Table 1 (Continue)

Microorganism | Microorganism type, | Microorganism type, | Microorganism type,
type, Determination method Determination Determination method
Determination method
method
Bacillus cereus, | Large movable rods Mesophilic aerobes or | Widespread in the
1SO 79322004 with straight or rounded | facultative anaerobes. | environment, in soil, in

ends, gram-positive.
Dimensions (1.0—
1.2)x(3.0-5.0) mkm are
located. In the form of
stacker-like clusters,
chains, occasionally
singly. Can form long
threads. Spores
cylindrical, ellipsoidal,
are located centrally or
eccentrically, the cell is
not inflated. Capsule
does not form

Catalase-positive.
Grow in at
temperatures from 8 to
50 °C, the optimum
temperature is 30—32
°C, at pH>4.0, 8%
concentration of NaCl.
B. cereus form acetoin
acetylmethylcarbinol,
most strains form
lecithinase, do not
form acid from
mannitol.

products. Causes food-
borne diseases of
diarrhea and emetic
types. Accumulation in
the product of a large
number of cells (10°—
10" or more in 1 g)
usually leads to minor
changes in the
appearance of the
product. When
developing in crushed
and homogenized
products (minced meat,
cutlets, cream, sausage),
their organoleptic
properties can change
significantly — a grayish
film forms on the
surface, the color
changes and an odor
appears, rancidity and
souring of the product
can be observed. The
development of B.
cereus in canned food is
accompanied by the
formation of a wall ring
at the border of the
product and packaging
and the precipitation of
a white precipitate at
the bottom of the
container.
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Table 1 (Continue)

Microorganism | Microorganism type, | Microorganism type, | Microorganism type,
type, Determination method Determination Determination method
Determination method
method
Staphylococcus | Cells are spherical and | Metabolism is Foods contaminated
aureus, gram-positive, non- respiratory and with staphylococci
ISO 6888-3:2003 spore forming in fermentative, form a usually do not have

diameter 0,5—1,5 mkm.
Can form clusters of
irregular shape,
immovable, do not form
a spore; When viewed
microscopically, they
are seen as short chains,
pairs of cells or clusters
similar to grape
clusters.

catalase, use
carbohydrates to form
lactic acid under
anaerobic conditions,
acetic and CO, to
aerobic. The main
diagnostic test to
identify S. aureus, is
the ability to coagulate
blood plasma by the
enzyme coagulase.
Distinguish six
serotypes of entero-
toxins A, B, C, D, E
and F. The most
common enterotoxin
A which is synthesi-
zed by the cells in
exponential growth
phase. Pathogenicity
staphylococci
determine their ability
to produce a number
of toxins. Hemolysins,
dermatoxin, eucocidin,
enterotoxin, as well as
enzymes — plasmo-
coagulase,
hyaluronidase,
deoxyribonuclease,
etc. Facultative
anaerobes develop at
pH>4,2, sensitive to
heat D¢y = 3 min.

external and
organoleptic signs of
spoilage. Staphylococci
can develop and
produce enterotoxin in
canned foods,
especially low-acid
foods. Reproduction of
pathogenic staphylo-
cocci and accumulation
of enterotoxin occurs
under aerobic
conditions at room
temperature without
visible organoleptic
changes in the product
for several hours.

Morphology and tinctorial features, which are given in Table 1, a number of
physiological and some biochemical properties of regulated microorganisms that are the
causative agents of food poisoning, as well as the classical methods for their determination,
indicate a sufficiently profound study of these microorganisms. However, despite the
popularity and standardization of methods, their disadvantage was low compared to the
required promptness to obtain the necessary information (7 days for the identification of
C. botulinum and when using the fastest biological test with mice, 48 hours). Standardized
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methods of analysis of C. perfringens (ISO 7937) provide for bacteriological culture, and
serological analysis is used to detect enterotoxin. The duration of the procedure is 3 days. In
determining trace amounts, for example, of staphylococcal enterotoxin in food products, the
toxin should be isolated and concentrated before its serological identification. Currently,
express methods based on the use of monoclonal antibodies, which have high efficiency,
are being developed, since it is possible to detect toxin concentrations of the order of 1
nanogram per gram of food product.

Identification of pure cultures (up to the species of microorganism) is carried out
taking into account the morphological, tinctorial, cultural, biochemical, toxigenic and
antigenic properties of the microorganism [20-22]. The used (classical) B. cereus
identification method is based on the isolation of pure culture on the MYP medium of the
Mossel-yolk agar with mannitol, polymyxin and phenol red, and subsequent biochemical
testing of the isolated culture [23], which requires of a considerable time [24]. In this
regard, the question of developing an accelerated reliable method of identification of
B. cereus is still relevant.

To identify individual species, immunological methods are often used. They are the
agglutination reaction, immunoelectrophoretic analysis of antigenic components,
immunofluorescence methods [1, 2, 23]. Most studies involve the determination of
susceptibility to antimicrobial agents in the isolated pathogen. For the epidemiological
assessment of the role of the microorganism, an intraspecific identification is carried out by
the definition of phage, biovars, resistants, etc. Such studies are material and labor-
intensive, long-lasting, often do not correspond to the shelf-life of food products and, as we
noted in studies, do not always allow the microorganism to be accurately established.

The need to improve methodological approaches to the diagnosis of these
microorganisms is necessary, and among the methods of microbiological control of food
production a special place should be taken by precise, relatively rapid molecular genetic
methods.

2. Molecular genetic methods of microbiological control of regulated
microorganisms

The use of molecular genetic methods for the sanitary control of food safety is a
relatively new approach in the genotypic diagnosis of regulated microorganisms. Foreign
and domestic scientists developed DNA analysis technologies that include DNA methods,
in particular, polymerase chain reaction (PCR), multiplex PCR, reverse transcription PCR,
qualitative or quantitative real-time PCR with various fluorescent systems. TagMan probes,
SYBR Green et al., DNA hybridization methods, in particular FISH, as well as isothermal
amplification (RSA, SDA) [24-27]. Such methods can be used in practice in the sanitary
control of food products in establishing their safety by identifying pathogenic and
opportunistic pathogens of foodborne infections and toxic infections, monitoring the quality
of raw materials and the technological process of its processing. Molecular genetic methods
can be used in scientific forecasting when studying regulated microorganisms and
evaluating microbiological risks, as well as for identifying nucleotide sequences-toxicity
genes responsible for the pathogenic properties of microorganisms [28-29].

There are test systems for the microbiological analysis of clostridia and other
anaerobes [30]: F5110 SureFast® Clostridium botulinum Screening PLUS, F5123
SureFast® C. perfringens Screening PLUS, based on DNA determination by PCR, which,
according to the developer, are the most accurate way to determine Microorganisms.
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Currently, seven serologically different types of neurotoxins (A, B, C, D, E, F and G)
are known to be produced by the corresponding strains of C. botulinum, which have similar
sizes and molecular organization. These are large enough proteins, consisting of two
polypeptide chains — light (50-59 kDa) and heavy (85-105 kDa), which block the release of
the mediator — acetylcholine. Despite the fact that botulism has been known for more than
200 years, at present the detailed mechanism of neurotoxins at the molecular level has not
been sufficiently studied. It is believed that the neuroparalytic effect of the toxin is achieved
as a result of the passage of 3 stages: the binding of a toxic molecule to the membrane
surface, the energy-dependent penetration of a part of the molecule into the cell and the
inhibitory stage. Medicines against botulism do not exist now [31]. It is believed that
human botulism is caused by four types of neurotoxins A, B, E and F. In addition to the
classic strains of C. botulinum, it has been found that other microorganisms, for example C.
butyricum, producing the type E neurotoxin, may be the cause of botulism and C. barati,
producing neurotoxin type F.

As noted in [31], a PCR method for the identification of C. botulinum types A and B
has been developed, which has high specificity and sensitivity (1 pg DNA), which can be
used in diagnostic laboratories to identify these microorganisms. The PCR method is
simple in execution, it ensures quickness of the results (less than 5 hours from the
beginning of the study) and is especially convenient in cases when it is necessary to test a
large number of samples.

As is known, C. perfringens is the causative agent of food-borne diseases, necrotic
enteritis, gas gangrene [32, 33]. Strains B and D produce €-toxin, which leads to edema of
the organs due to the formation in the cells of the channels through which the potassium
ions emerge. Strain A causes food-borne diseases. There is a priority method for the PCR
determination of C. perfringens [34], as well as the methodology for conducting research
[35].

In addition, in the literature, there is sufficient information on the pathogenic properties
and methods of determining Staphylococcus aureus [36-38].

Particular attention is currently being paid to bacillary pathogens of foodborne
diseases, because, thanks to the development of molecular genetic methods, it has become
known that not only microorganisms of the Bacillus cereus group (including 6
representatives), but a number of other bacilli are capable of producing toxicity genes [1,
2]. As noted in [23], during the study of 114 samples of raw milk for the presence of bacilli,
it was found that the bacilli (B. cereus, B. subtilis) were preserved even after heating for 10
minutes at 80 °C, in 21% of samples from pasteurized ham samples microorganisms of the
genus Bacillus (the most common were B. cereus, B. subtilis, B. licheniformis), and spore-
forming B. cereus were isolated from boiled sausages. It is indicated that 95 strains of
bacilli were isolated and identified from wheat flour. Among the 53 strains isolated from
the cooled dough, 24 strains were B. subtilis, 17 were B. cereus, 10 were B. pumilis, 2 were
B. licheniformis. Our studies also show an abundance of bacillary contamination of plant
[39, 40] and animal products [41, 42].

The presence of B. cereus or its toxins in food products is identified by morphological,
biochemical, serological (ELISA), chemo-taxonomic and molecular genetic (PCR) methods
[43]. It is possible to detect a toxin that causes vomiting, with the help of animal models
(cats, monkeys) and cellular ones. The most common classical method of B. cereus
identification is based on the isolation of pure culture on the MYP medium (the Mosell-
yolk agar), and subsequent biochemical testing of the isolated culture [23]. However, the
instability of B. cereus enzymatic reactions hampers the interspecies differentiation of the
bacteria of the first morphological group of the genus Bacillus and, in addition, requires
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considerable time-consuming [44]. In this regard, the question of developing an accelerated
reliable method of identification of B. cereus is still relevant. Under experimental
administration, the subcutaneous method of B. cereus is caused by disorders of the function
of the gastrointestinal tract, lethargy, inhibition of movements. With the introduction of
large doses of these microorganisms, the disease develops sharply, with a rapidly advancing
(10 — 16 h) lethal outcome. At morphological research in organs of the fallen animals
hemorrhages, inflammatory and necrotic changes are observed. To the greatest extent these
lesions are recorded in the intestines, liver, heart muscle and in the brain. The authors [23]
based on the traditional method developed a new scheme for isolating B. cereus, dividing
the objects of the study into 2 groups, depending on the form in which the causative agent
(vegetative or spore) is located. This scheme allows typing of B. cereus pathogen within 4—
5 days due to expansion by additional biological tests (Fig. 1) [23].

RESEARCH MATERIAL )
4 a
1) Dry foods and soil that mainly 2) Food products or pathogenic
contain spore B. cereus form material that mainly contain a "
. bl
vegetative B. cereus form _§
v (r:l_
Warming:
- at 66-70 °C — 30 minutes
-at 80 °C — 10 -15 minutes
[] v
Sowing on selective soils Liquid soils of enrichment
(Mossel, Donovan, etc.) [* for the isolation of B. cereus
¥ ¥ "
Obtaining a pure culture, determining the species affiliation of ‘g
culture according to biochemical characteristics i
P =
B. cereus Another species

Total: 4-5 days
Figure 1. Scheme of identification of the causative agent B. cereus

The scheme shown in Figure 1, despite the length and laboriousness, does not make it
possible to diagnose the presence of all bacillary representatives-carriers of toxicity genes
capable of producing the corresponding toxins and confirms the need for an improved
microbiological control methodology.

Modern works of a number of foreign researchers have shown that bacillary
microorganisms synthesize genes that cause the ability of B. cereus to cause diarrheal and
emetic syndromes [44—47]. B. cereus causes diarrhea and emetic syndromes, producing
various extracellular toxins, including the three main types of enterotoxins, namely
hemolysin BL (4b[), nonhemolytic enterotoxin (rhe) and cytotoxin K (cyt K) [48]. Eight
new pairs of PCR primers were developed and effectively detected eight toxin genes —
hbIC, hbID, hblA, nheA, nheB, nheC, cytK and entFM) in 411 strains of B. cereus (121 and
290 isolated from food and soil) and 205 strains B. thuringiensis.
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The presence of hbIACD genes in all 70 tested isolates from ready-to-cat vegetables in
South Korea, detection of one or more /bl genes in 23.5-70.6% of B. cereus group isolates
from food products in Brazil, detection of hblA in all 57 B. cereus isolates from raw
vegetable samples collected in Mexico City, detection of AblA and hbID in 72% of
B. cereus isolates from retail spices in the USA, 4bIC in 71% of these isolates are noted in
the literature and testify to the relevance of such studies [45, 47-50].

Recently, scientific works on the differentiation of living and dead cells of bacillary
pathogens of food poisoning have appeared [S1, 52].

Among the strains of B. cereus, enterotoxigenic genes hbl A, nhe A, cyt K and Fm
(enterotoxin FM) were widely spread. However, we selected only the nhe A gene for PCR,
given its greatest prevalence and detectable visual toxicity, which is associated with a major
role in food poisoning [39, 41, 42]. The PCR with specific primers nhe AF and nhe AR,
matched to the site of the nhe 4 gene, confirmed the belonging of all tested collection
strains of B. cereus to the enterotoxigenic species of B. cereus, whereas in PCR analysis of
the DNA of the collection species G. stearothermophilus and Paenibacillus polymyxa and
in negative control (PCR mixture without DNA), no amplification products were detected.

Thus, the substantiation of the methodology and the development of accelerated
molecular genetic methods of microbiological control are relevant in improving the control
of food safety.

Conclusions

Analysis of modern requirements for the sanitary safety of food has shown the need for
microbiological control for the presence of heat-resistant microorganisms, which are
potential pathogens of foodborne diseases.

Investigation of the control criterion microbiological indicators regulated types of
microorganisms such as Clostridium botulinum, Bacillus cereus, Clostridium perfringens,
Staphylococcus aureus showed failure phenotypic diagnosis due to the similarity of
morphological and tinctorial properties within the individual groups, the variability of a
number of biochemical parameters, weak antigenicity of a number of toxins, The
emergence of new metabolic features associated with the ability to synthesize the toxicity
genes by microorganisms, which are traditionally considered to be non-pathogenic,
laborious and lengthy analysis.

Genotypic diagnostics of microorganisms using modern molecular genetic methods
and methodologies that allow for accelerated microbiological control of food safety taking
into account the characteristics of their composition and properties, the accuracy of
identification, the ability to monitor and predict the behavior of infectious agents of
foodborne infections and toxic infections in products in assessing microbiological risk are
relevant, especially in the Ukrainian region.
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Introduction. The objective of this work was
comparative analysis of protein properties of main oil
seeds, cultivated in Ukraine, notably rape, sunflower and
soy..

Materials and methods. Tetrachimena piriformis
(WH-14 strain) cultures were used for the determination
of relative nutritive value and toxicity of the protein
products. The emulsifying capacity of seed proteins were
determined as maximum volumes of emulsified oil
relatively to 1 g of proteins and foaming capacity as
volume of foam, obtained at standard conditions relative
to volume of protein suspension.

Results and discussion. According to our data
biological value of soy proteins were limited by sulfur
containing amino acid methionin and cystin (2,1% from
common amino acid content). There total content was only
about 60% of FAO/WHO scale. Biological value of
sunflower proteins was limited by three amino acids —
sulfur containing amino acids (1,6% of methionine and
cysteine) and lysine (3,0% from common amino acid
content). The contents of majority of indispensable amino
acids in rape proteins are 8—57% higher than FAO/WHO
scale. The exception are valin and isoleycin with 80—-85%
content. Score of sulfur containing amino acid was
157,1% from FAO/WHO scale. Isolated rape proteins had
highest technological properties, their solubilities were
16,4 to 38,6% at different pH, water holding capacity —
211 %, oil binding capacity — 130 %, emulsifying capacity
— 140 ml/g, and foaming capacity — 122 %.

Conclusions. Investigated protein isolates of oil
seeds (soy, sunflower and rape) had no toxicity. Rape
proteins isolate had the highest relative biological value
and technological properties.
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Introduction

Oil seeds are cultivated as raw material for vegetable oils production, but their
chemical compositions are unique as to content of lipids, proteins and numerous biological
active substances. Protein content of oilseeds is on the level or even exceeds their content in
cereals. Special place belongs to soy beans as they contain about twice time higher proteins
than lipids. Therefore soy beans are cultivated first of all for feed and food proteins
production.

Thus the main products of soy bean processing are soy meal and soy oil. Protein
content of soy meal varies from 40 to 45 %, about 80% of which are storage proteins [1].
The main soy storage proteins are glycinin and B-conglycinin, which belong to the legumin
(11S globulins) and vicilin (7S globulins) families of proteins, respectively. These two
globulins have different polypeptide composition and technological properties [2-4] and
they were precipitated at different pH, notably 11 S globulins — at pH 5,8 and 7 S — at pH
4,5 [5].

Soy meal is using as a source of different protein products. Removal of seed coats and
preserving of high PDI (protein dispersion index) are necessary for edible soy meal
production. The high PDI of soy meal generates suitable technological properties of
proteins. Soy meal with a high PDI is a raw material for soy protein isolates and with a
lower PDI — for protein concentrates. When PDI of soy meal is very low such meal can be
used for soy meat production, biscuits etc. Thus the technological properties of proteins are
very important for vegetable proteins production particularly of edible range.

Traditional technology of edible soy meal, protein concentrates, isolates, extruded and
fermented soy products are described in detail in [6]. But Nazareth et al. [7] have shown
that soy protein isolates obtained from gas-supported screw-pressed soybean meal had more
than 90% protein content and had exhibited the high water solubility, water-, oil holding
and emulsifying capacities and viscosity of suspensions.

Technological properties of isolated seed proteins first of all depend from degree of
their denaturation, which in turn is determined by technology of their obtaining and seeds
processing. Conformational changes of soy proteins were observed as at 105 °C and at 23
°C [8]. It was shown [9] that denaturation degree of soy proteins depends on
hydrophobicity of organic solvents and water content, hydrophobic solvents have a low
denaturing capacity even at high temperatures, the degree of denaturation of proteins
increased with the addition of water. Lower alcohols have the highest denaturing ability
among the studied solvents. At the same time Lhocine er al. [10] have shown that
technological properties of protein isolates, obtained after defatting of soy flour by ethanol
or water, were comparable with protein isolates from soy meal extracted by hexane.

Structure, chemical composition and properties of other oil seeds were studied too.
Proteins account for about 20% of sunflower seeds dry weight. The main storage protein of
sunflower seeds heliantin as well as soy globulin consist of two fraction — hexamer 11S
globulins and threemer 7S globulins with a denaturation temperature 65 and 90 °C,
respectively [11]. But heliantin has low water solubility and thermo-induced jellification
capacity, which complicates using of such proteins in food systems. Nevertheless heliantin
has higher thermal stability compare with globulins of other seeds [12]. Detailed analysis of
physicochemical, structural and functional properties of sunflower storage proteins was
made by Gonzalez-Perez and Vereijken [13]. Thus it was demonstrated increase of
solubility of nondenaturated heliantin even at isoelectric point under high ionic strength of
solution (2 M NaCl). At the same time decrease of solubility in a pH range from 2 to 8,5
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under increase of ionic strength of solution to 0,25 M NaCl was detected for sunflower
protein isolates, obtained from industrial sunflower meal [14].

The main storage protein of Cruciferous seeds is 11S globulin — cruciferin account for
about 60% of seed protein content and content of albumin is about 20% [15, 16]. Using of
rape seeds as source of food and feed proteins is associated with glucosinolates content.
The different methods were proposed to avoid content of these substances in rapeseed meal.
To decrease glucosinolates content in rapeseed and canola meal Diosady et al. had used two
stage extractions of oils from seeds using polar and nonpolar solvent [17-19]. In spite of
this method did not promote complete oil recovery from seeds, protein isolates and
concentrates obtained from such meal did not contain glucosinolates [20-24]. In addition
steam explosion was used for detoxification of rapeseed meals [25] and it was shown that
enzyme treatment could be used to decrease of glucosinolates content in meal [26] .

The biological value of oil seed proteins measured as indispensable amino acid content
depends first of all from plant species, variety and climate conditions of their growing.
Therefore the data about these values varied in different source. The objective of our work
was comparative study of biological value and technological properties of proteins of three
main oil seed crop notably soy, sunflower and rape.

Materials and methods

Materials

Soybeans variety NK25D3 and sunflower seeds variety KP11B were received from
Institute of oil crops of National Academy of Agrarian Science (Zaporizhia, Ukraine). Rape
(Brassica napus) seeds of winter (4Artus, Lembke KG, Germany) variety were collected
from local oil market. The chemical composition of soy beans: 11.3% moisture, 39.2% (dry
basis) protein, 29.8% (dry basis) lipids, and 5.9% (dry basis) ash. Sunflower KP11B is a
linoleic variety (62.5% of total content of fatty acids). The sunflower seeds contained 6.7%
moisture, 48.2% (dry basis) lipids, 16.7% (dry basis) proteins, and 7.3% (dry basis) ash.
The rape seeds contained 4.2% moisture, 43.6% (dry basis) lipids, 23.7% (dry basis)
proteins, 5.6% (dry basis) ash, and 0.8% (dry basis) glucosinolates.

Proximate analyses

Moisture content of seeds was determined using the gravimetric method. Fat content of
seeds was measured according to Soxhlet’s method. For this purpose 2 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 [27]. Content of total soluble proteins in
seeds were determined suspending 5 g of defatted meal in water solution at pH 10, adjusted
with 1N NaOH. Suspensions were mixed by agitation during 90 min. Suspensions were
centrifuged for 15 min at 3,500 rpm/min. Concentration of soluble proteins in supernatants
were determined by Biuret method [28] using bovine serum albumin as standard.

Ash content was determined by igniting the samples at 550 °C in a muffle furnace until
light grey ash resulted. Glucosinolate content was measured as glucose released from
glucosinolates in stoichiometric amounts under hydrolysis by the endogenous enzyme
myrosinase using GLUCOTEST paper according to Interstate Standard [29]. For
glucosinolate hydrolysis 0.5 g of crushed seeds were mixed with 5 mL of distilled water
and incubated in the presence of activated carbon during 2 min.
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Determination of toxicity and relative nutritive value of protein products

Tetrachimena piriformis (WH—14 strain) cultures were used for the determination of
relative nutritive value and toxicity of the protein products. The dead cells, changed shapes,
characteristic of movement and growth depression of infusoria were measure of toxicity. 50
mg of protein samples, 2 mL of sea salt solution (5.6 mg/mL, pH 7.0) and 0.04 mL of 3-
days Tetrachimena piriformis cultures were placed in vials, mixed and incubated in
thermostat at 25 °C during 24 and 72 h. For better aeration the vials were periodically shake
during incubation. After incubation infusoria cells were fixed in iodine solution in ethanol
(50 g/kg) and analyzed under light microscope. Cell quantity was determined using
counting chamber. The control samples contained casein instead of seed protein products.
Relative nutritive values of investigated samples were represented as a number of cells
grown per sample, compared with the control.

Protein isolation

Proteins were extracted from defatted seeds by sodium chloride solution (70 g/L, pH
7.0) under constant stirring and temperature 50-55 °C during 40-50 min, meal: solution
ratio was 1:10 (w:v). After this insoluble residues were precipitated by centrifugation
(1 000g, 15 min). The supernatant (protein extract) was used for isoelectric protein
precipitation at pH 4.5. After protein coagulation pellet was separated from whey by
centrifugation (3 000g, 15 min), washed with distilled water at pH 4.5, collected and dried
at 55-60 °C to 6—8% moisture.

Determination of amino acid composition of protein isolates

The direct acid hydrolysis of protein isolates was used to obtain hydrolysates suitable
for determination of all amino acid except cysteine and tryptophan. Hydrolysis was carried
out in test tubes by adding of 1 mL HCI 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.

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

Determination of proteins functional properties

Determination of protein products solubility were performed according to [30] using
solutions with pH values from 2 to 10, adjusted with 1 N HCI or 1 N NaOH, and protein
concentration 1 mg/1 ml. Prepared protein suspensions were mixed by shaker during 1 h.
Suspensions were centrifuged for 30 min at 3,500g. Concentration of soluble proteins were
determined in the supernatant by Biuret method [28] using bovine serum albumin as
standard.

The water holding capacities (WHC) of the extracted seed proteins were measured as
described by Ashraf ef al. [31] taking 1 g of protein extract and resuspended in 10 mL of
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distilled water and mixed vigorously for 2 minutes, 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
extracted.

The oil binding capacities (OBCs) of the extracted seed proteins were measured using
the method of Ashraf er al. [31] 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 000xg for 20 min,
the supernatants were carefully poured immediately after the 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 extracted seed proteins were determined
according to Karki et al. [32] 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 extracted seed proteins was determined according
to Makri et al. [33] taking 1% of the protein extracted and resuspended in deionized water,
pH was adjusted to 7.4 with 0.1N NaOH and 0.1N HCI. 100 mL of solution were blended
for 3 minutes and poured into a 500 mL graduated cylinder. The volume of foam (Vy) and
liquid (V)) were immediately recorded and FC was calculated using the following equation:

Vf
FC=—-100
1
Foam stabilities of proteins suspensions (%) were determined as ratio of undestroyed
foam volume after 5 min to initial volume of foam.

Statistical analysis

Samples were analyzed by triplicate. Statistical analysis was performed using
Microsoft Excel 2007 (Microsoft, City of Redmond, USA). The results were reported as
mean + SD. Differences were considered to be significant at validity a=0.95.

Results and discussion
Biological value and safety of oil seed protein products

Measuring of oil seed protein products toxicity was carried out using Tetrachimena
piriformis (WH-14 strain) cultures and neither dead cells, nor changed shapes of cells or
their movement, nor growth depression of infusoria were detected. Infusoria cells had usual
shape, were active, fissionable in the presence of every studied meal — soy, sunflower and
low glucosinolate rape.

Relative nutritive values of defatted oil seeds and isolated proteins were calculated on
the basis of nutritive value of casein (control). Defatted oil seeds meal had high nutritive
value, varying from 92% (for rape meal) to 98% (for soybean meal) comparing with casein
(Figure 1). Slight decrease of rape meal value probably was caused slight glucosinolates
content. In spite of this isolated rape proteins had even higher nutritive value than rape seed
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meal that evidently caused by reduction of glucosinolates content. Indeed, isolated proteins
contained about half of glucosinolates meal content. At the same time insoluble residue of
rape meal had the highest glucosinolates content (Figure 2).
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Figure 2. Glucosinolates content in rape seeds and their derivatives (glucosinolates content
is given on the dry basis)
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The relative biological value of isolated soy proteins had decreased to 72.3% that was
about 74% of soy meal value. The value of sunflower isolated proteins had decreased most
drastically and was only 28.5% comparing with casein. Such decline of nutritive values
probably was resulted by loosing of high biological value proteins which retaining in whey
water. As it is known, this fraction of proteins is albumins, which are not precipitated at pH
3.8-4.5, corresponding isoelectric point of globulins [34]. Content of albumin fractions
were 5.7, 6.8 and 36.2% in soybeans, sunflower and rape seeds respectively. Rape seeds
albumin fraction is most abundant, but it was shown in early works the biological value of
rape albumin napin had been limited by content of tyrosine, which is only 23% of
FAO/WHO scale protein [35].

The main characteristic of proteins biological value is content of indispensable amino
acids and their score to FAO/WHO scale protein. The protein isolate from rape seeds had
highest biological value (Table 1), valine and isoleucine were limited amino acids with
their score to scale protein 80 and 85 %, respectively. Scores of other essential amino acids
were higher than 100 %.

Content of sulfur containing amino acids methionine and cystine had limited value of
soy seeds protein isolates, their score was only 60 %, the threonine score was about 100%
and content of other essential amino acids was higher their content in scale protein.

The sunflower seeds protein isolates were of lowest quality. Their value was limited by
the content of sulfur containing amino acids, which was less than 50% of scale protein. The
lysine was the second limiting amino acid, its score was only a negligible higher of
methionine and cystine score. Content of other amino acids exceeded that of scale protein.

It is known that biological value of protein isolates depend from number of factors
such as genetic properties of plants, climate conditions of seeds growing, and most of all
from the parameters of seeds processing. The chemical composition and quality of proteins
can be changed significantly as result of seeds processing (drying, heating, pressing,
extraction and desolvation of meal) and protein recovery from meal, their precipitation
from solution and drying. Therefore the published data about indispensable amino acids
content of seed proteins and protein isolates are not identical. Usually content of all
essential amino acids in soy protein isolates are higher [37].

Table 1
Content of main indispensable amino acids in soy and rape protein isolates relative to
FAO/WHO scale protein.

Amino acid | FAO/WHO Soybean protein Sunflower seeds Rape protein
protein, isolate protein isolate isolate
mg/100mg | mg/100 % to mg/100 % to mg/100 % to
of protein | mg of | FAO/WHO | mg of | FAO/WHO | mg of | FAO/WHO
[36] protein protein protein protein protein protein
Lysine 5.5 6.1+0.18 110.9 3.0+0.17 54.2 6.5£0.20 118.2
Methionine+ 3.5 2.1+0.06 60.0 1.6+0.16 45.7 5.5+0.17 157.1
Cystine
Valine 5.0 5.4£0.16 108.0 6.2+0.11 123.8 4.0+£0.12 80.0
Threonine 4.0 3.940.12 97.5 4.4+0.14 109.3 4.3+0.13 107.5
Leucine 7.0 7.9+£0.24 112.9 7.8+0.22 110.9 7.0£0.21 100.0
Isoleucine 4.0 4.1+0.12 102.5 5.5£0.10 138.5 3.4+0.10 85.0
Pheyilalanine 6.0 8.0+0.23 1333 8.6+0.23 143.5 7.5+0.23 125.0
+ Tyrosine
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Technological properties of oil seeds proteins

Technological properties of proteins determine their using in food processing,
influencing the rheological properties, emulsion or foam stability, plasticity, appearance
and taste of food. The main technological properties are water solubility, capacities to
stabilize emulsion and foam, water and oil binding capacities etc.

The water soluble protein fraction content in soy, sunflower and rape seeds were
mention above. Content of total soluble proteins were 85.2, 84.3 and 70.8% of protein
content in rape, soy and sunflower seeds respectively. Mass of total soluble proteins, which
were determined in alkaline medium, was lowest in sunflower seeds. Apart from genetic
peculiarities of protein fraction composition, using of alkaline medium under protein
extraction from defatted sunflower seeds had resulted changing of isolated proteins color
and water solubility due to creation of complexes between proteins and products of
chlorogenic acid oxidation [38]. Colors of these isolated proteins were from bright green to
dark green. On the contrary, it was shown that protein recovery in salt solution maintained
their native state [39].

After protein recovery in neutral solution (sodium chloride), isoelectric precipitation
and protein drying, water solubility of isolated proteins was not as high at every pH, the
maximal solubility was determined to be only about 38% for rape proteins (Figure 3).
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Figure 3. Solubility of protein isolates from oil seeds at different pH values
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Evedently, that this is the result of solubility changes of primary soluble seed proteins
under isolation procedure. Lowest protein solubility was at pH 4—5 and highest — in alkaline
medium. Additional water washing of isoelectric precipitated protein pellets had increased
protein solubility by 10-15% at pH 7-8 (data not shown). Rape proteins isolate had higher
solubility relatively soy and sunflower isolates at all pH range. High rape proteins isolate
solubility in water solutions probably caused by high albumin content in rape seeds. It is
known, that rape proteins solubility is determined by their isolation procedure. Protein
isolates, prepared by isoelectric precipitation, consist of 7S globulins and have a poor
solubility [40], but a good solubility of isolates, precipitated with acid were reported too
[41].

Solubility of isolated sunflower proteins had dropped drastically at pH range 4-5
and was highest (about 35 %) at pH 10. At the same time it was shown that protein isolates,
prepared from sunflower oil cake, had very high solubility (above 80% at pH 8) [30]. For
this purpose authors had suspended isoelectric protein pellet in water at pH 9 and
suspension was dried lyophilization.

Isolated soy proteins had very low solubility in studied pH range. It could be
resulted by presence of polypeptides with higher molecular weight in soy protein isolates,
which abounded by polypeptides with molecular weight from 30 to 76 kDa [42], whereas
sunflower protein isolates — by polypeptides with molecular weight from 20 to 45 kDa [34,
43,44] and rape protein isolates — by polypeptides with molecular weight 12—-50 kDa [45].
Similar values of soy proteins isolate solubility were obtained by Molina Ortiz and Cristina
An [46].

As the result of high molecular weight of soy protein isolates their water holding
capacity was very high (385%), that was the highest value compare with sunflower and
rape protein isolates (Figure 4, a). The sunflower protein isolate had lowest degree of
hydrophility, it was about 160%. The highest oil binding capacity was detected for rape
proteins isolate (Figure 4, a). Probably this is due to high content of hydrophobic sulfur
containing amino acids in rape proteins. The sunflower and soy protein isolates still had
high capacity to oil absorption.

The rape protein isolate had also highest foam and emulsifying capacities comparing
with sunflower and soy protein isolates (Figure 4, b), though most rape protein isolates
were reported to have poor foaming capacity [47, 48]. At the same time foam of rape
protein suspension was unstable. It is known, that foam and emulsifying capacities are
depended from hydrophobicity of proteins. Thus isolated rape proteins having relative high
water solubility had demonstrated higher hydrophobic properties too. In spite of this the
opposite data about relationship between rape protein isolates solubility and their
emulsifying capacity were reported [40].

Salgado et al. [30] had proposed that protein aggregation had resulted in decrease of
surface hydrophobicity. On the contrary, it is possible, that high solubility and surface
hydrophobicity of isolated rape proteins were associated with their disaggregation.
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Figure 4. Technological properties of protein isolates from oil seeds

Conclusion

Investigated protein isolates of oil seeds (soy, sunflower and rape) had no toxicity
according to test with Tetrachimena piriformis. Rape proteins isolate had the highest
relative biological values comparing with soy and sunflower isolated proteins. Relative
biological value of sunflower isolated proteins was poor. Rape protein isolate had also the
highest value on the basis of indispensable amino acids content. This value was districted
only by valine score (80% of scale FAO/WHO protein) and isoleucine (85% of scale
protein). Soy and sunflower isolated proteins were diminished by sulfur containing amino
acids. The water solubility, oil binding, foam and emulsifying capacities of rape proteins
isolate were also higher comparing with soy and sunflower isolated proteins.

Thus isolated proteins of low glucosinolate rape seeds are promising source of edible
proteins, which have enhanced technological properties. The technological properties of
soy and sunflower isolated proteins can be modified by limited enzymatic hydrolyses or
other treatment.
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Introduction. The aim of the publication is to study the
effect of demineralising of the water by reverse osmosis on the
drift of protons of ethanol and water, as well as the stabilization
these systems by 'H NMR spectroscopy.

Materials and methods. 'H NMR analysis was conducted
with the usage of the following: FT-NMR Bruker Avance II
spectrometer (400 MHz); specially shaped capillary with acetone-
dg; high accuracy ampoules Ne 507-HP; dispenser; ethyl rectified
spirit (ERS); demineralized water by reverse osmosis; water-
alcohol mixtures (WAM) from ERS and demineralized water.

Results and discussion. In this paper, we have established
some new features in the process of creating WAM that are
directly dependent on the demineralization of water by reverse
osmosis. The drift of protons of ethanol and water in the process of
creating WAM indicates the complex dynamic of the system
stabilization processes. A «restoration» of location of hydroxyl
proton’s signal (OH) of ethanol is not observed during the time
interval of 0 to 432 h after the mixing, with a constant alcohol
concentration (WAM’s strength — 39,92 % vol.) and system’s
temperature control (t=23,5 °C). A characteristic feature of
ethanol (ErOH) and water (H,0) hydroxyl protons in the WAM
during the interval of =12—432 h is that the signals (dz0r~4,93—
5,01 ppm; 0y0=4,33-4,41 ppm.) located separately from each
other with a difference in a chemical shifts of 40=0,59-0,61 ppm.
Division of the signals related to the process of reconstruction of
water structure that was destroyed by demineralization by reverse
osmosis and to set an equilibrated structure of new system. The
low exchange rate (separately observed signals of hydroxyl and
water) can be related to a significant microheterogeneity of the
system and the corresponding barrier effect that reduces the
effective rate of protons’ exchange.

Conclusion. Experimentally, using the method of 'H NMR
spectroscopy, the influence of the use of reverse osmosis of water
treatment on the spectral characteristics of mobile protons of
ethanol and water, as well as the stabilization of the system in the
process of creation of water-alcohol mixtures, was established. It
is shown that for such systems, the stabilization process of the
water-alcohol mixture is simultaneously with the restoration of a
network of hydrogen bonds in the aqueous phase of the
microheterogeneous medium.
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Introduction

NMR spectroscopy is widely used in physics research, industry, agriculture and other
industries. NMR plays a particularly important role in food chemistry where it used in the study
of both simple organic molecules and complex macromolecular structures and their complexes
(Minoja, Napoli, 2014; Singh, Bliimich, 2016; Hore, 2017) [1, 13, 16]. A large number of
articles discuss the use of NMR for research of food products; meat, fish, dairy products,
vegetables, fruits, juices, pastry, cheese, starch, honey and alcohol products (Minoja, Napoli,
2014; Zuriarrain et al, 2015; Youssouf et al, 2017; Campo et al, 2016; Zhu, 2017; Yuan et al,
2017; Diop et al 2012; Tian et al, 2017, Sucupira et al, 2017, Li et al, 2017; Shumilina et al,
2016; Okaru et al, 2017) [1, 2, 11, 12, 14, 15, 17-22]. This method provides comprehensive
information with relatively simple obtaining spectra, thus greatly facilitating and accelerating
chemical research (Nose et al, 2005; Richards, Hollerton, 2011; Roberts, 2002; Hu et al, 2010)
[5-8].

NMR spectroscopy is most commonly applied to the nuclei of lightest isotope of hydrogen
"H (protium, 'H isotope) proton. The first ’H NMR spectra of ethanol C,H;OH was obtained in
1951 (Arnold et al. 1951) [3]. The first 'H NMR spectra of H,O were obtained in 1946 (Bloch et
al. 1946) [4]. At the first glance, it may seem that these are fairly simple organic molecules, at
the same time NMR spectras exhibits greate variety (Nose et al, 2005; Richards, Hollerton,
2011; Roberts, 2002; Hu et al, 2010) [5-8] in such characteristics as chemical shift, spin-spin
interactions and the effect of chemical exchange (Matsugami et al, 2016; Jora et al, 2017) [9,
10].

An ethanol molecule consists of 6 protons located in a 3 proton-containing groups: methyl
(CH;), methylene (CH,) and hydroxyl (OH) with a relative intensity characteristic CH;:CH,:OH
— 3:2:1. Nuclear spin-spin interaction is observed between the three proton-containing groups of
ethanol, all of which have different resonant frequencies (Roberts, 2002) [7]. “N”” number of
equivalent protons of one group split the signal of the nearest group into (n+1) lines with the
intensity of a Pascal triangle (Richards, Hollerton, 2011) [6]. The ability to observe spin-spin
interactions depends on the rate of the intermolecular proton exchange (Jora et al, 2017) [10].
Wherein the hydroxyl proton (OH) of ethanol can interchange with free hydrogen ions
(Matsugami et al, 2016) [9]. The hydrogen ions are generated due to self-dissociation of water or
traces of acids, alkalis or dissociated ethanol (Jora et al, 2017) [10]. The concentration of free
protons is characterized by pH level.

Vodka — is an alcoholic drink with strength from 37,5% to 56%, obtained by special mixing
ERS with water, with addition of non-volatile ingredients or without them.

In the opinion Hu et al. (2010) [8] vodka is a fairly simple physicochemical system: a
mixture of alcohol and water. However, each brand has its own distinctive taste and features on
the molecular level. Research conducted by Hu et al. (2010) [8] confirm that these differences
are significant both during the stage of creating WAM, and in the final product — the commercial
vodka. The major differences are associated with hydrogen bonds, in particular their strength, as
confirmed by various research methods such as "H NMR spectroscopy, FTIR spectroscopy,
Raman spectroscopy. 'H NMR and FTIR spectroscopy demonstrates the presence of water in the
hydrate structure EtOH-(5,3+0,1)H,0. Water can also be observed in WAM as well as in vodka.
The authors (Hu et al, 2010) [8] attribute this value with the perception of organoleptic
characteristics of vodka.

Lots of attention in the work of Hu et al, 2010 [8] has been given to 'H NMR spectra of
hydroxyl proton of OH water and alcohol. Water protons are represented as narrow singlets with
Joor=5 ppm. The spectra of some samples are represented by the appearance of a second
broadened OH signal of ethanol at a level of dpy=5,5 ppm. The presence in the samples of a
single signal of OH ethanol (Hu et al, 2010) [8] is attributed to the weak hydrogen bonds of
ethanol.

In their paper, the authors (Hu et al, 2010) [8] introduced the concept of «structurability» —
defined as the ability to maintain structure — a parameter that determines the ability of vodka
(alcohol) to streamline its structure.
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The effect of impurities (such as salts, acids, phenols) strengthening the hydrogen bonds in
WAM as well as in the finished product such as sake, has been studied by Nose et al (2005) [5].
Hu et al (8] have identified that the impurity of compounds has an effect on the molecular
dynamics in ethanol’s hydration process.

Previously, we have conducted primary research of ’H NMR WAM, which were described
in the work of Kuzmin et al, 2013-2015 [23-26]. The obtained results give grounds to assert a
fundamental difference in the behavior of the WAM prepared from the alcohol and water
passing through various processes. This may indicate the presence of such features as separate
signals of OH-protons of H,O and EtOH. Also abnormal waveforms of CH; and CH,
characterize a product with a lower tasting properties. The presence of the combined signal of
H,O+(EtOH) and a “clear” form of CH; and CH, signals (triplet — for CH;, quartet — for CH,) —
characterizes the WAM with the best tasting properties.

Thus, in the work of Kuzmin O., Sujkov S. et al, 2013 [23] established experimental
evidence of instalment nature / (non- instalment) of thermodynamic balance, taking into account
the organoleptic characteristics of WAM in dependence on water treatment method and time of
system’s functioning. However, the questions related to internal mechanism’s specification and
the rate of establishment of thermodynamic balance depending on type of water used in the
process of creating the WAM are remain unsolved.

Therefore, the additional research is required for a detailed study of internal mechanism of
thermodynamic balance and insurance in obtaining high quality vodka products — for each type
of water separately.

Therefore, the aim of this work is study of drift of ethanol protons (ERS) and water
(demineralized by reverse osmosis) in the process of WAM creation.

Materials and methods

Materials: demineralized water by reverse osmosis water; ERS; WAM from ERS and water
demineralized by means of reverse osmosis.

The following characterlstlcs were determined for water demineralized by reverse osmosis:
solid residual — 15 mg/dm’; electrical conduct1v1ty 20,7 uS/cm; pH — 5,05; ORP — “+” 393
mV; total hardness — <0,05 mM/dm’; perman ganate oxidability — 0,46 mg Oz/dm mass
concentration (MC) of sodlum - 11 60 mg/dm’; MC of potassium — <2,0 mg/dm’; MC of
ammonium — <2,0 mg/dm’; MC of calcmm <2,0 mg/dm*; MC of magnesium — <2,0 mg/dm3
total alkalinity — O 15 mM/dm’.

Characteristics of ERS: volume part of ethanol — 96,37 %, volume part of water — 3,63 A),
content of aldehydes in anhydrous alcohol, in recalculation on acetic aldehyde — 1,3 mg/dm
content of fusel oils in anhydrous alcohol: propyl, isopropyl, butyl, isobutyl and 1soamy1 -1,5
mg/dm content of esters in anhydrous alcohol, in recalculation on acetic-ethyl ether — 1,3
mg/dm’; content of methanol in anhydrous alcohol — 0,0022 % vol.

WAM made of ERS and process water — demineralized by the reverse osmosis has the
following characteristics: alcoholic strength — 39,92 % vol.; electrical conductivity — 3,5 pS/cm;
ORP - “-” 98 mV; pH level — 7, 60 content of aldehydes in anhydrous alcohol, in recalculatlon
on acetic aldehyde — 1,8 mg/dm’; content of fusel oils in anhydrous alcohol: propyl, 1sopropy1
butyl, isobutyl and 1soamy1 — 1,4 mg/dm’; content of esters in anhydrous alcohol,
recalculation on acetic-ethyl ether - 14 mg/dm content of methanol in anhydrous alcohol
0,0021 % vol.; alkalinity — 0,4 cm’ 0, M of hydrochlorlc acid for titration of 100 cm’ sorting;
oxidability test — 9 min.; taste evaluation — 9,30 pointa (appearance — colourless liquid without
sedlment odor — strong alcohohc taste — sour and bitter, pungent).

"H NMR analysis of WAM was conducted with the usage of the following: FT-NMR
Bruker Avance II spectrometer (400 MHz) with operating frequency at ‘H — 400 MHz; specially
shaped capillary with acetone-ds; high accuracy ampoules Ne 507-HP for high resolution
NMR’s spectroscopy (400 MHz); dispenser.
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Work methodology (Kuzmin et al, 2013-2015) [23-26]:
1. 0,3 ml of a WAM prepared with a volumetric pipette with a predetermined strength (40,0
+0,2)% vol.
2. External standard which is required for LOCK’s system operation is added into an
ampoule of special form capillary.
3. 'H NMR spectra records and data processing were performed according to the manuals of
FT-NMR Bruker Avance II (400 MHz) spectrometer.

Results and discussions

Spectrum of water — H,O (figure 1), ERS (figure 2), WAM (figures 3-23), made of
demineralized water prepared by means of osmosis and ERS at a different lifetimes (h) is
characterized by a unitary signal of hydroxyl group of H,O (figure 1). The sygnal of H,O
protons — singlet (s), located at dy0=4,63 ppm. Waveform of H,O protons — is distorted
Gaussian curve, with a broadened base and a slight asymmetry of apex, which is offset from the
centerline.

4.63

60 55 50 45 40 35 30 25 20 15 10 ppm

Figure 1. "H NMR spectra of H,O-proton of water, prepared in demineralized by reverse
0smosis
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Figure 2. 'H NMR spectra of proton groups ERS:

CH;; CHy; H,0; EtOH

We will analyze the spectra of ERS (figure 2). Hydroxyl group of protons of ERS are
represented by two separate peaks. A component of ethanol is represented as a single broad
singlet, located in a «low field» with the chemical shift dz0,=5,65 ppm. A component of
water proton is represented as singlet with a chemical shift of d;,0=4,85 ppm. The form of
H,0 protons’ signal is a distorted Gaussian curve, with a broadened base and a certain
asymmetry. The difference between the OH-proton of ethanol (EfOH) and the proton of water
(H>0) in the chemical shifts — 49 = 0,80 ppm.

The analysis of the ’H NMR-spectra of protons methyl group of ethanol (CH;) allows
us to state the following. The protons’ methyl group is represented as a septet (sp) with a
relative intensity (1:6:15:20:15:6:1). This is abnormity as according to Pascal's triangle and
on the assumption of protons’ methyl group spin-spin interactions, methylene group’s
(CH;) signal has to be split by an adjacent protons’ group (CH,) as a triplet (¢) with
intensity ratio (1:2:1). Besides the methylene group (CH,), no other group of protons can
have observable an effect on the active spectrum of the methyl group (CHj).

The analysis of methylene group’s (CH,) '"H NMR’s protons shows the following. The
methylene group’s protons (CH,) are represented as quintet (gi) with the intensity (1:4:6:4:1).
This is an abnormity. Protons of methyl (CH;) groups must split the signal of methylene
group (CH,) into four components and form a quartet (¢) with an intensity ratio of 1:3:3:1, as
based on the spin-spin interaction. In turn, protons of hydroxyl (OH) groups should split each
quartet’s component of methylene (CH,) group into two components to form a double quartet.
The signal of methylene (CH,) groups should remain as quartet. This happens due to the
absence of observable spin-spin interaction between the hydroxyl (OH) and methylene (CH,)
groups by the chemical exchange.
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Figure 3. '"H NMR spectra of proton groups of WAM, prepared in demineralized by reverse
osmosis water and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (0 h)
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Figure 5.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis water
and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (24 h)
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Figure 6.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis water
and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (36 h)
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Figure 7.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis water
and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (48 h)
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Figure 8."H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis water
and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (60 h)

246 —— Ukrainian Food Journal. 2017. Volume 6. Issue 2



Food Technology ——

4.98
4.38
3.20
3.18

.71

3.16
3014
7
-~ 0.68
0.63

0.
0

P e N e N

=1 5.0 4.5 4.0 315 3.0 25 2.0 15 10 ppm

Figure 9.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis water
and ERS: CH;; CH,; H,0; EtOH, dependent from system’s functioning time (108 h)
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Figure 10.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (132 h)
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Figure 11.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (144 h)
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Figure 12.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (156 h)
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Figure 13.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (168 h)
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Figure 14.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (180 h)
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Figure 15.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (192 h)
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Figure 16.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (204 h)
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Figure 17.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (216 h)
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Figure 18.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (288 h)
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Figure 19.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (300 h)
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Figure 20."H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (312 h)
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Figure 21."H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (324 h)
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Figure 22."H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (336 h)
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Figure 23.”H NMR spectra of proton groups of WAM, prepared in demineralized by reverse osmosis
water and ERS: CH;; CH,; H,O; EtOH, dependent from system’s functioning time (432 h)

The figures 3-23 shows the proton group’s 'H NMR spectras of freshly prepared WAM
sample (0 h) and a sample taken after few days, with an interval of 12—72 h with indication
of chemical shift.

At the initial instant of WAM formation — =0 h (figure 3) the presents of two separate
signals — OH of ethanol (C,Hs0H) and water H,O is observed in the area of hydroxyl
protons of ethanol and water. Signal of hydroxyl (OH) proton of ethanol (C,H;0H) is
presented in a form of bulge. The bulge is found in a weak field with a chemical shift of
Orior=4,97 ppm. Signal of water (H,0) protons is presented as an elongated singlet of
symmetrical shape with a broad base which is located at d,,0=4,36 ppm. The difference in
chemical shifts of OH proton (C,H;OH) and H,O proton at this stage (=0 h) is 49,,=0,61
ppm.
A characteristic feature of hydroxyl proton of ethanol (EtOH) and water (H,0) during
the interval of =12-432 h (figures 4-23) is that the spectra (dz0,=4,93-5,01 ppm;
O120=4,33—4,41 ppm.) located separately from each other with a difference in a chemical
shifts of 46=0,59-0,61 ppm. This may indicate that there were no conditions created to
form a water composition with hydroxyl proton of alcohol. Therefore, it proves that the
state of thermodynamic equilibrium is absent up to 7<432 h.

The analysis of ’H NMR spectra of WAM methyl group’s protons (CHj) states the
following. 7=0. Methyl group of protons (CHj) is represented as a triplet (¢) in the initial
time of system’s operation. Triplet is formed by the spin-spin interaction with protons of
adjacent methylene group (CH,). The intensity ratio is (1:2:1) according to the Pascal
triangle. Not a single group of protons can affect methyl group’s spectrum (CH;) besides
the methylene group (CH;). Thus, the methyl group of protons (CH;) is located in a strong
field with an average value of the chemical shift as d¢x3;=0,71 ppm.
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1=12-432 h. The methyl group of protons (CHj;) did change its position comparatively
to the initial position (z=0 h), and also changed the waveform — from the triplet (¢) to the
quintet (gi) and back. The following initial conclusion can be made: the range (12432 h) is
not characterized by a complete structuring of signal of methyl group (CH;) as a triplet (t) as
its form and by the middle positioning of a chemical shift — d¢y3;=0,70-0,72 ppm. There is
abnormal change in the spectra’s structure during this period of time.

The analysis of ’H NMR spectra of methylene group (CH,) reveals the following. At the
beginning of the formation of WAM (=0 h) methylene group of protons (CH,) is presented
as a quartet (g), which is confirmed by the spin-spin interaction of protons of methyl (CHj;)
groups, that should split signal of the methylene group (CH>) into four components, form a
quartet (¢) with intensity ratio of 1:3:3:1.

In turn, protons of hydroxyl (OH) group should cleave every component of methylene
(CH,) group’s quartet into two components to form a double quartet. The absence of spin-spin
interaction between hydroxyl (OH) and methylene (CH,) groups due to chemical exchange
would have to ascertain that the signal of the methylene (CH,) group must remain as quartet.

Methylene group of protons (CH>) has an average value of a chemical shift as d¢y;=3,17
ppm, distance between each peak of quartet (spin-spin coupling constant) is 8 Hz.

7=12-432 h. Methylene spectrum with an average value of chemical shift d¢y=3,17—
3,18 ppm is shifted to a weak field by 0,01 ppm relatively to its initial position (7=0 h).
Waveform — quartet (g), which is typical for the above proton group, on the assumption of
spin-spin interaction with protons of the methyl (CH;) group and chemical exchange between
the hydroxyl (OH) and methylene (CH,) groups.

The following initial conclusion can be made: the range (0432 h) is characterized by a
complete structuring signal of the methylene group (CH,) as quartet (¢) in its form and by the
middle positioning of the chemical shift — d¢y,=3,17-3,18 ppm, which remains unchanged.
There is no abnormal change in the spectra’s structure during this period of time. Its position
can be described as stable. The distance between the peaks also remain unchanged — 0,02

Conclusions

As a results we have evidence of a complex dynamic of achievement processes of
solution equilibrium for WAM prepared in demineralized by reverse osmosis water with pH =
5,05 and ERS. At the same time pH of obtained WAM is pH = 7,60 i.e. alkalescent medium.
A «restoration» of location of hydroxyl proton’s signal (OH) of ethanol is not observed during
the time interval of 0 to 432 h after the mixing, with a constant alcohol concentration
(WAM’s strength — 39,92 % vol.) and system’s temperature control (t=23,5 °C). It can be
assumed that division of the signals related to the process of reconstruction of water structure
that was destroyed by demineralization by reverse osmosis. The low exchange rate (separately
observed signals of hydroxyl and water) can be related to a significant microheterogeneity of
the system and relevant barrier effect that reduces the effective rate of protons’ exchange.
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Introduction. Consumption of cocoa and coffee had
been on increase due to a number of beneficial health
properties attributed to the cash crops. The study of the
phytochemical constituents and nutritional potentials of
these valuable crops would further reveal their nutritional
and phytomedicinal importance in human diet.

Materials and methods. Cocoa and coffee beans were
harvested from a farm in Ado-Ekiti, Ekiti State, Nigeria
and were studied for their proximate, mineral and
phytochemical constituents using standard analytical
procedures. The harvested cocoa and coffee were sundried
for a week and later air dried, de-shelled, and ground into
powder and then sent to the laboratory for phytochemical
and proximate analysis.

Results and discussion. The results obtained showed
that both plant samples contained alkaloids, tannins,
saponins, flavonoids, phenol and cardiac glycosides.
However, steroids, phlobatannin and terpenoids were
present in C. liberica but absent in 7. cacao. The
proximate analysis revealed moisture content (12.16 and
10.84%), carbohydrate (57.19 and 62.51%), crude protein
(4.08 and 3.75%), crude fiber (18.95 and 16.72%) and ash
(6.82 and 5.58%) in the C. liberica and T. cacao
respectively. The vital minerals (mg/100g) present in the
coffee and cocoa were found to be Na (1050.14 and
1133.11), K (305.12 and 719.36), Ca (407.86 and 65.33),
Mg (41.83 and 35.28), P (43.69 and 37.37), Mn (12.62 and
5.86), Fe (28.86 and 32.40) and Zn (2.41 and 3.61). Nickel
contents were within the permissive level. No Pb and Cd
were detected in the plant samples.

Conclusion. Cocoa and Coffee beans investigated
could be considered as rich in bioactive secondary
metabolites which justify their widely acclaimed health
benefits.
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Introduction

Since time immemorial, the importance of plants is well known irrespective of the era
and area throughout the world. The beneficial roles of plants which include nutritional,
aesthetic, cultural, religious and human health have been documented by several authors
over the years. Almost all parts of plants have played significant roles in maintaining the
health and promoting the well being of human life. Plant products which can be derived
from roots, barks, gum, leaves, fruits, flowers, seeds and seed oil have been parts of
phytomedicine. Cocoa and Coffee were the major export crops in the early 60’s through
1970’s and they provided highest foreign exchange in Nigeria [1]. However, evidence has
shown that there is downward trend in the production and exportation of these cash crops
due to oil boom that now account for the larger percentage of Nigeria foreign exchange [2].

Cocoa (7. cacao) discovery could be dated back to 1502 by Columbus on his fourth
voyage to America [3] and introduced cocoa into Nigeria in 1874 by the Portuguese trade
through Equatorial Guinea [4]. The seed of cocoa tree when further processed yields
chocolate amidst other products. The plant is grown in different parts of the world like
Brazil, Ghana, Ivory Coast, Malaysia, Nigeria, Venezuela and Indonesia [5]. T. cacao
(Cocoa tree) is an evergreen tree of the family Sterculiaceae. It grows between 4-8m and
preferred the shade of other layered trees. The leaves are dark green, shinning, leathery,
elliptical in shape, alternate and unlobed. The leaf surfaces are hairless. The flowers are
small, yellowish, white to pale pink, non-scented and clustered. The fruits (Cocoa pods)
ovoid, 15-30cm long and 8—10cm wide, cauliflower, when ripe, yellow to orange pods.

Cocoa is mainly consumed as chocolate and used beverages, cosmetics and
pharmaceuticals [6]. Numerous researchers have documented various health beneficial
effects associated with the consumption of cocoa products [7]. Consumption of cocoa and
chocolate has been reported to combating diseases like cancer and cardiovascular diseases
[8], diabetes mellitus [9] and in immune system boosting. Cocoa pod husk are used
traditionally as medicine to treat the pains of pregnancy, fever and coughs [10].

Coffe (C. liberica W. Bull ex) is an evergreen shrub or tree up to 20 m tall, branchlets
and glaborous. C. liberica is native to tropical West and Central Africa. Nowadays, it is
fairly widely cultivated in Liberia, Malaysia and lesser extent in Sierra Leone, Nigeria, Sri
Lanka and Taiwan. Leaves are opposite, stipules interpetiolar, triangular ovate to almost
truncate, 2—4.5mm long, obtuse, petiole 0.8—2cm long. Flowers are in auxillary clusters, 4—
30 per axil. Fruits are oblong-ellipsoid drupe, red or yellow, mesocarp fleshy and endocarp
fibrous. Seeds (commonly referred to as ‘beans’), 0.7—1.15cm long, grey brown-green with
a groove on the inner surface. Coffee has been used traditionally in the treatment of several
diseases and ailments such as ashma, fever, headache jaundice, malaria, sores and vertigo
[11].

Coffee is known to possess a number of beneficial health properties among them are
diuretic, antimicrobial and antioxidant activities. Coffee served as the most consumed
beverages in the world. It can be drink naturally, as a stimulant and painkiller. Coffee
contains some biochemical compounds like chlorogenic acid and its derivatives that help in
preventing different chronic degenerative disease [12]. Also caffeine is commonly found in
coffee and its values vary widely with differences in species as well as within species [13].
Consuming high concentration of caffeine has adverse physiological [14] and psychological
effects on man. As a result of this there is an increase demand for de-caffeination of coffee.

Considering the health potentials and economic importance of these crops, there is
needs to renew research work which will provide information on the health promoting
constituents of Theobroma cacao and Coffee liberica in Nigeria. More importantly and
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pathetically, C. liberica have been abandoned for crops that are readily marketable locally.
This important cash crop may go into extinction in Nigeria if adequate measures are not
taken. Hence, this work was carried out to provide information on the nutritional potentials
of T. cacao and C. liberica in Ekiti State, Nigeria.

Materials and methods
Collection of materials

The cocoa beans and coffee fruits were collected from a cocoa farmer in Ado EKkiti,
Ekiti State. They were authenticated in the Department of Plant Science and Biotechnology,
Ekiti State University, Ado Ekiti. The harvested coffee fruits were sorted out and cleaned
by floatation in a washing basin using distilled water. The materials were put in a large tray
and spread in the sun for a week and were later air dried for 5 days. The cocoa beans and
coffee beans were de-shelled, then separated from the chaffs, ground into powder using
electric blender (Binatone BLG-450). The powdered samples were tightly packed into
separate plastic containers and taken to the Department of Biochemistry, University of
Lagos, Lagos State for phytochemical, proximate and mineral analyses.

Preparation of plant extract

A portion (200g) of each of the powdered sample was extracted separately using
distilled water for 48hours. The extract was filtered using Whatman filter paper and kept for
further use.

Phytochemical analyses

Qualitative screening. Qualitative phytochemical screenings were carried out using
standard procedures of [15, 16].

Test for alkaloids. Alkaloid was detected by taking about 1g of each plant sample and
stirred with 5 ml of 1% HCI on a steam bath and filtered. 1ml of the filtrate was treated
with a few drops of Dragendorff’s reagent (Bismult nitrate + conc HCI). A change in the
colour of the sample to black indicates alkaloid’s presence.

Test for tannins. A portion (1g) of the plant sample each was taken and boiled in 10ml
of distilled water in a test tube and filtered. A few drops of 5% ferric chloride were added.
Black or blue-green colouration or precipitate shows the presence of tannins [17].

Test for saponins. One gram of each plant powdered sample was heated in 5 ml of
distilled water in a test tube. The mixture was shaken vigorously by hand for about
15minutes and heated to boil. Persistent frothing shows the presence of saponins [18].

Test for phenols. A portion (1g) of the sample each was soaked in 25 ml of 2% HCI
for lhour and then filtered. 5 ml of each plant extract was then mixed with 1ml of 0.30%
Ammonium thiocyanate solution and few drops of ferric chloride solution. A brownish
yellow colour indicates the presence of phenol.

Test for flavonoids. A few drops of diluted NaOH solution were added to 0.5 ml of an
aqueous extract of each plant sample. Intense yellow coloration which became colourless
upon the addition of few drops of diluted H,SO, acid shows the presence of flavonoids
[19].
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Test for steroids. Two milliliters of acetic anhydride was added to 0.5 g of the plant
sample each with 2 ml of conc. H,SO, acid. Presence of steroids is noted by the changing
of colour from violet to blue [20, 21].

Test for terpenoids. One gram of each plant sample was mixed with 2 ml of
chloroform and 3 ml of conc. H,SO,4 were carefully added to form layer. A reddish brown
colouration of the interface indicates the presence of terpenoids.

Test for cardiac glycosides (Keller-Killiani test). One gram of plant sample each
shaken with 5 ml of distilled water in a tube and 2 ml of glacial acetic acid containing a few
drops of ferric chloride was added slowly along the side of the test tube. Formation of
brown ring at the interface gives positive indication for cardiac glycoside. A violet ring may
also appear below the brown ring [22].

Test for anthraquinance (Bontrager’s test). One gram of the plant sample was
weighed and 1ml of 5% H,SO, was added, boiled in a water bath and filtered. The filtrate
was shaken with the equal volume of chloroform was then taken and shaken with half of its
volume with dilute ammonia. Formation of rose pink to red colour of the ammonical layer
shows the presence of anthraquinone [23].

Test for phlobatanins. A portion (2g) of the powdered sample each was boiled with
1% aqueous HCI. Presence of phlobatanins is noted by the formation of red precipitate [15,
19].

Quantitative phytochemical estimation

The phytochemicals which are present in the C. liberica and T. cacao powdered
samples were determined and quantified by standard procedures of [15, 24, 25].

Proximate analyses

Moisture content for each sample was determined by weighing Sgrams of each of the
sample into a crucible and heated at 105°C until a constant weight was attained [26]. Total
ash was determined by taking 5g of each of the sample in a crucible and ignited in a muffle
furnace at 550°C for 6hours, cooled and weighed at room + temperature [27].

Total nitrogen was analyzed using Kjeldal digestion method followed by distillation
and titration. The percentage nitrogen was calculated and multiplied by 6.25 to obtain the
value of the crude protein [27]. Crude lipid estimation was carried out using the Soxhlet
extraction method. N-hexane was used to extract the lipid [27]. Caffeine was determined by
boiling 5g of each sample, filtered, washed with chloroform, evaporated, dried in an oven
and weighed as outlined by the Kjeldal method [26]. The carbohydrate content was
determined by subtracting the summed up percentage compositions of moisture, protein,
lipid, fiber and ash contents from 100 [28].

Determination of minerals
For mineral determination, wet digestion of the two samples was carried out according
to the method of [29]. Zinc, Manganese, Calcium, Magnesium and Iron were determined by

atomic absorption spectrophotometer while Sodium, Potassium and Calcium were
measured through flame photometer.
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Results and discussion

Results

The results of the phytochemical constituents of C. liberica and T. cacao revealed the
presence of alkaloids, tannins, saponins, phenols, flavonoids and cardiac glycosides.
Steroids, phlobatannins and terpenoids were found in coffee but absent in cocoa while
anthraquinones were detected in cocoa but absent in coffee (Table 1).The quantitative
estimation (mg/100g) of the phytochemicals showed that C. liberica and T. cacao contained
flavonoids (55.74 and 80.78), phenols (42.98 and 51.70), tannins (24.47and 18.09),
saponins (19.45 and 26.11), alkaloids (19.16 and 22.31) and cardiac glycosides (16.67 and
18.14) respectively (Table 2).

Table 1
Phytochemicals present in the seeds of C. liberica and T. cacao inmEKkiti State, Nigeria

Phytochemicals/ | Alk. | Tan. | Sap. | Phen. | Flav. | Ster. | Phlob. | Terp. | Car. Glyc. | Anth.
Samples

C. liberica + |+ + + + + + + + -

T. cocoa + + + + + - - - + +

Alk. — Alkanoids, Tan. — Tannins, Sap. — Saponins, Phen. — Phenols, Flav. — Flavonoids, Ster. —
Steroids, Phlob. — Phlobatanins, Terp. — Terpenoids, Car. Glyc. — Cardiac Glycosides and Anth. —
Anthraquinone.

+ indicates presence, — indicates absence

Table 2
Quantitave phytochemical estimation of the seeds of C. liberica and T. cacao in EKkiti State,
Nigeria
Phytchemicals/ | Flavonoids | Phenols Tannins Saponins | Alkanoids |Cardiac
Samples Glycosides
C. liberica 55.74+0.23 |42.98+0.43 |24.47+0.26 [19.45+0.40 | 19.16+0.78 [16.67+0.31
T’ cocoa 80.78+0.23 |51.70+0.24 |[18.09+0.15 [26.11+0.75 |22.31+0.28 |18.1440.18

Values are the mean of triplicates + S.D

The percentage proximate content of coffee and cocoa beans investigated (Table 3)
contained carbohydrate (57.19 and 62.51), crude protein (4.08 and 3.75), crude fat (0.80
and 0.61), crude fiber (18.95 and 16.72), ash content (6.82 and 5.58), moisture content
(12.16 and 10.84) and caffeine (0.04 and 0.03) respectively.

The results of the mineral compositions (mg/100g) revealed coffee and cocoa to
contain Na (1051 and 1133), K (305.12 and 719.36), Ca (407.86 and 65.33), Mg (41.83 and
32.28), P (43.69 and 37.37), Mn (12.62 and 3.61), Cu (0.15 and 0.04), Zn (2.41 and 3.61),
Fe (28.86 and 32.40) and Ni (0.03 and 0.07) respectively. Pb and Cd were not found in the
two samples investigated (Table 4).
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Table 3

Proximate composition of the seeds of C. liberica and T. cacao in EKkiti State, Nigeria

Parameters (%) | C. liberica | T. cacao
Carbohydrate 57.1940.32 | 62.51+0.25
Crude Protein 4.08+0.04 | 3.75+0.09
Crude Fiber 18.95+0.28 | 16.72+0.18
Crude Fat 0.08+0.04 | 0.61+0.02
Ash Content 6.824+0.03 | 5.58+0.22
Caffeine 0.04+0.00 | 0.03+0.00
Moisture Content | 12.16+£0.34 | 10.84+0.09

Values are the mean of triplicates + S.D

Table 4
Mineral compositions of the seeds of C. liberica and T. cacao in Ekiti State, Nigeria

Mineral Element (g/mg) | C. liberica T. cacao
Sodium 1051.04+£2.35 | 1133.11+1.27
Potassium 305.12£1.25 | 719.36£1.79
Calcium 407.86+0.43 | 65.33+0.66
Magnesium 41.83+0.62 35.2840.83
Phosphorus 43.69+0.62 37.37+0.16
Manganese 12.62+0.09 5.86%0.35
Copper 0.15+0.00 0.04+0.01
Zinc 2.41+0.24 3.61+0.10
Iron 28.86+0.44 32.40+0.48
Nickel 0.03+0.00 0.07+0.01
Lead ND ND
Cadmium ND ND

Values are the mean of triplicates + S.D and ND means not detected.

Discussion

The phytochemicals found in the coffee and cocoa seeds in this study play diverse roles
in these plants as well as various biochemical and pharmacological actions when ingested
by animals [30]. The presence of these bioactive secondary metabolites in the seeds
investigated suggests their importance as health promoting cash crops. Several authors such
as [31, 17, 32, 33] had previously reported the therapeutic properties of these
phytochemicals in various plant parts.

The phytochemical profile obtained in this study for 7. cacao was similar to the reports
of [34]. The result of the phytochemical estimation revealed that 7. Cacao had higher
concentration of flavonoids, phenols, saponins, alkaloids and cardiac glycosides when
compared to C. liberica. However, qualitatively, C. liberica contained more phytochemical
constituents. Alkaloid in coffee and cocoa in this study are found in considerable quantity
which makes them biologically active and equally suggests their potential for disease
resistance and stress [35]. Alkaloids offer a wide range of health benefits which ranges
from anti-inflammatory [36], antimalarial [37], antimicrobial and antisparmodic [38].

263

—— Ukrainian Food Journal. 2017. Volume 6. Issue 2



Food Technology ——

High quantity of flavonoids in both beans suggests that they perform some biological
functions. Our finding is similar to the reports of [39] and [40] who reported higher
concentrations of flavonoids in cocoa than coffee. Lee et al. [39] reported that cocoa have
higher contents of phenolic and flavonoids than any other phytochemical-rich foods.
Flavonoids are effective antioxidant and have strong anti cancer activities [41, 42]. The
presences of flavonoids in the two seeds lead to their antioxidant effects which may
influence insulin resistance hence reduce the risk for diabetes [43]. Tannins contents in C.
liberica were higher than that of 7. cacao. Tannins according to several researchers are
known to have anti-inflammatory and antibacterial properties [44], wound healing
properties [45], as well as in treatment of intestinal disorders. Plant extracts containing
saponins have been reported to exhibit a wide spectrum of biological activity such as
inhibitory effect on inflammation [46], antifungal and antibacterial agents, lowering of
blood cholesterol and adding bitter taste [47]. In the previous work of Okwu and Okwu
[48], it was reported that saponins and steroids have relationships with sex hormones like
oxytocin which stimulates contractions during labour in pregnant women and followed by
the release of milk. The palatability characteristics of these beverages revealed that they are
bitter and this might be due to the high levels of saponins.

Several beneficial health effects that have been attributed to these cash crops may be
largely explained by their rich bioactive phytoconstituents. Consumption of cocoa rich in
phytochemicals may confer its effectiveness in maintaining skin health and
phytoprotection. The presence of these constituents in coffee buttresses its uses traditionally
in the treatment of fever, headache, malaria, sores and vertigo. The proximate composition
results revealed that C. liberica contained higher crude protein, fiber and ash contents while
carbohydrate obtained is higher in 7. cacao than C. liberica. The crude protein content in
the coffee is higher than 1.43 mean distribution of total nitrogen content reported by [49]
for some brands of tea in Nigeria. The crude protein content of the cocoa beans is lower
compared to the values range of 6.11% to 9.25% [50]. The crude protein in C. liberica and
T. cacao may contribute to their health potential as it supports growth and development in
infant and children as well as constant replacement and turnover of protein in adult [51].

Fiber content in our cocoa is comparatively higher than value of 1.80% reported by
[52]. The fiber content of the coffee is in agreement with reports of [53]. Several
researchers have documented the health benefits of fiber to include; lowering the risk of
diabetes and heart disease, as well as preventing constipation [54]. Crude fat content in the
two plants are relatively low and quite reasonable as excess fat consumption has health
implications such as cardiovascular diseases [55]. Considerable amount of crude fiber and
low crude fat in the cocoa and coffee studied suggest that the beverage may help to protect
against the aetiology of certain coronary heart and cardiovascular diseases. The products
could also be recommended as good drinks for people who suffer from high cholesterol
level.

The percentage ash content value is an indication of its mineral contents. The two
samples compare favorably with the value range of 5.32 to 6.31% and Carbohydrate values
are low when compared with the value range of 67.24% to 73.00% reported by [50]) for
cocoa beans The carbohydrate contents of 7. cacao and C. liberica are high, an indication
that this beverage could serve as a good source of energy for human being.

The caffeine content in C. /iberica is comparatively higher than the value obtained for
T. cacao. Interestingly, the values of our findings are comparatively low to 0.07% caffeine
reported in Ethiopian coffee designated as naturally decaffeinated varieties [12]. The
caffeine content in our study falls within the range of 0.036 to 0.041% reported by [56] for
decaffeinated coffee. Caffeine is found in various kinds of foods and drinks that we
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consume every day. Several researchers had reported various physiological and
psychological effects of consuming high concentration of this compound [57, 58]. Caffeine
concentration evaluation have been used as an additional tool for assessing beverage (such
as cocoa and coffee) quality. Farah et al. [59, 60] reported that higher caffeine content is
associated with less quality samples. Hence, the two beverage samples evaluated are good
for human consumption.

The cocoa and coffee beans investigated in our study are very rich source of many
macro and micro elements that are needed in normal human metabolism. These essential
minerals include Sodium, Potassium, Calcium, Magnesium, Phosphorus, Manganese and
Iron. Comparing with other results previously documented, our result for cocoa beans is
similar to the reports of [61] and [43]. Our work disagrees with dominant magnesium in the
reports of the former and low potassium in the reports of the latter.

Also the result of the mineral content for coffee in this study is in line with previous
work of [56]. Determination of these minerals in cocoa and coffee is of great interest and
will help immensely in improving their nutritional effects. Minerals play vital roles in
physiological functions. Lead and Cadmium were not detected which suggest that the
beverage under investigation cannot pose any health risk for consumers. Sodium in
moderate quantity plays a role in nervous and muscular body function. Calcium is
necessary for the development of bones and teeth. Magnesium is an anti arrhythmic and
hypertensive agent [62]. Copper helps in glucose metabolism and brain development [63].

Conclusion

Several health promoting effects have been attributed to these cash crops. These may
be largely explained by their rich bioactive phytoconstituents and nutritional compositions
as revealed in this study. C. liberica and T. cacao investigated are rich in health promoting
chemicals and their consumption should be encouraged. They also contain very low
caffeine which makes them to be considered as good for human well being. Nigeria
government needs to look at how to boost the production of these important cash crops
more importantly C. liberica which is more nutritious and contain very little amount of
caffeine. Its seeds do not need laborious and expensive chemical decaffeination.

References

1. Olyjide M.G., Adeogun S.O. (2006), Assessment of cocoa growers farm management
practices in Ondo State, Nigeria, Spanish Journal of Agricultural Research, 4(2), pp. 173—
179.

2. Folayan J.A., Daramola G.A., Oguntade A.E. (2006), Structure and performance evaluation
of cocoa marketing institutes I South Western Nigeria: An economic analysis, Journal of
Food, Agriculture and Environment, 4(2), pp. 123-128.

3.  Waterhouse A.L., Shirley J.R., Donovan J.L. (1996), Antioxidants in chocolate, Lancer, pp.
348-834.

4. Opeke L.K. (1987), Tropical Tree Crops, John Willey and Sons. Chichester, pp. 67-213.

5. Beckett S.T. (1994), Industrial chocolate manufacture and use, seconded, Blackie
Academic and Professional Glasgow, UK.

—— Ukrainian Food Journal. 2017. Volume 6. Issue 2 265



10.

11.

12.
13.

14.

15.
16.

17.

18.
19.
20.
21.

22.

23.

24,

25.

266 —— Ukrainian Food Journal. 2017. Volume 6. Issue 2

Food Technology ——

Taubert D., Roesen R., Schonnig E. (2007), Effect of cocoa and tea intake on blood
pressure, a meta-analysis, Arch. Intern. Med., 167(7), pp. 626-32.

Tomaru M., Takano H., Osakabe N., Yasuda A., Inoue K., Yanagisawa R., Ohwatari T.,
Uematsu H. (2007), Dietary supplementation with cocoa liquor proanthocyanidins prevents
elevation of blood glucose levels in diabetic obese mice, Nutrition, 23, pp. 351-355.

Joseph J.A., Shukitt-Hale B., Casadesus G. (2005), Reversing the deleterious effects of
aging on neuronal communication and behavior: beneficial properties of fruit polyphenolic
compounds, Am. J. Clin. Nutr., 81, pp. 313-316.

Scalbert A., Manach C., Morand C., Remesy C., Jimenez L. (2005), Dietary polyphenols
and the prevention of diseases, Critical Rev. Food Sci. Nutr., 45(4), pp. 287-306.
Fapohunda S.O., Afolayan A. (2012), Fermentation of cocoa Beans and Antimicrobial
potentials of the pod husk phytochemicals, Journal of Physiology and Pharmacology
Advances, 2(3), pp.158—164.

Nayeem N., Denny G., Mehta S.K. (2011), Comparative phytochemical analysis,
antimicrobial and anti oxidant activity of the methanolic extract of the leaven of C. arabica
and C. Robusta, Scholars Research library, 3GJ, pp. 292-297.

Belay A. (2011), Some biochemical compounds in coffee beans and methods developed for
their analysis, International Journal of the Physical Sciences, 6(28), pp. 6373—6378.
Silvarolla B., Mazzafera P., Fazuoil L.C. (2004), A natural decaffeinated Arabic coffee,
Native, 429, pp. 826.

Zhang Q., Lilah H., Wang W., Chem H. (2005), Separation of caffeine and theophylline in
poly (dimethysiloxane) micro channel electrochemical detection, J. Chromatogram. A,
1098, pp. 172-176.

Harbone J.B. (1973), Phytochemical methods.A guide to Modern Techniques of plant
analysis, Chapman A and Hall, London, pp, 279.

Sofowora E.A. (2008), Medicinal plants and traditional medicine in Africa, John Wiley and
Sons LTD, pp. 1-10.

Banso A., Adeyemo S. (2006), Phytochemical Screening and anti-malarial assessment of
Abutilon mauritianum, Barcopa monnifera and Datura stramonium, Biokemistri, 18, pp.
39-44.

Odebiyi 0.0., Sofowora E.A. (1978), Phytochemical Screening of Nigeria Medicinal
Plants, Lioydia, 41(3), pp. 239-246.

Sofowora A. (1993), Medicinal plants and Traditional Medicine in Africa. 2" Ed.,
Spectrum Books Ltd., Ibadan, Nigeria, p. 289.

Harbone J.B. (1993), Introduction to Ecological Biochemistry, 4th Academic Press London,
UK.

Trease G.E., Evans W.C. (2005), Pharmacognosy, 11™ ed., Brailliar TinidelCan, Macmillan
Publishers.

Ayoola G.A., Coker H.B., Adesegun S.A., Adepoju B., Obaweya K., Ezennia E.C.,
Atangbayila T.O. (2008), Phytochemical screening and antioxidant activities of some
selected medicinal plant used for malaria therapy in south western Nigeria, Trop. J. Pharm.
Res., 7,pp1019-1024.

Joshi A., Bhobe M., Saatarkar A. (2013), Phytochemical investigation of the roots of
Grewia microcos Linn, J. Chem. Pharm Res., 5, pp. 80-87.

AOAC (1999), Official method 971.09. Official Methods of Analysis of AOAC
International, 16" edition 5™ revision AOAC International: Gaithersburg, MD.20877-2417,
USA.

Obadoni B.O., Ochuko P.O. (2001), Phytochemical studies and comparative of efficacy of
the crude extract of some homeostatic plants in Edo and Delta states of Nigeria, Global
Journal of Pure and Applied Sciences., 7(3), pp. 455-459.




26.

27.

28.

29.

30.

3L

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Food Technology ——

AOAC (1984), Official Method of Analytical Chemists (AOAC) 14" edition Washington
USA, pp. 152-162.

AOAC (1990), Association of Official Analytical Chemist, Official Method Analytical
Chemist, Washington, D.C.

Otitoju G.T.O. (2009), Effects of dry and wet milling processing techniques on the nutrient
composition and organoleptic attributes of fermented yellow maize (Zea mays), African
Journal of Food Sci., 3, pp. 113-116.

Alpdogan G., Karbina K., Surgur S. (2002), Derivative spectrophotometer for
determination of caffeine in some beverages, Turk. J. Chem., 26, pp. 295— 302.

Trease G.E., Evans W.G. (1989), Pharmacognosy.11™ Ed. Brailliar Tinideland Macmillian
Publishers, London, pp. 48-65.

Gill L.S. (1992), Ethnobotanical uses of plants in Nigeria University of Benin Press, Benin
City, Pp.350.

Temitope 1.B., Omotayo F.O. (2012), Comparative Phytochemical Analysis of Selected
Medicinal Plants in Nigeria, International Journal of Advanced Chemical Research., 1(1),
pp. 011-018.

Oyeyemi S.D., Arowosegbe S., Adebiyi A.O. (2014), Phytochemical and proximate
evaluation of Myrianthus arboreus (P.Beau.) and Spargonophorus sporgonophora (Linn.)
Leaves, IOSR Journal of Agriculture and Veterinary Science IOSR-JAVS), 7(9), pp. 01—
05.

Izuka C.M., Mbagwu F.N. (2013), Phytochemical Screening on the seed of Theobroma
cacao L., Global Research Journal of Science.

Gupta S.S. (1994), Prospects and Perspective of natural plant products, Indian Journal of
Pharmacology, 26(1), pp. 1-12.

Augusto L.S., Josean F.T., Marcelo S., Margareth P.M., Petronio F.A., Jose M.B. (2011),
Anti-inflammatory activities of alkaloids, An update from 2000-2010. Molecules, 16, pp.
8515-8534.

Dua V.K., Gaurav V., Bikram S., Aswathy R., Upma B., Dau D.A., Gupta N.C., Sandeep
K., Ayushi R. (2013), Anti-malarial property of steroidal alkaloid conessine isolated from
the bark of Hollarrhena antidysenterica, Malaria J., 12, pp.1-6.

Thite S.V., Chavan Y.R., Aparadh V.I., Kore B.A. (2013), Preliminary phytochemical
screening of some medicinal plants, Int. J. Pharm. Chem. Biol. Sci., 3, pp.87 — 90.

Lee K.W., Kim J., Lee H.J., Lee C.Y. (2003), Cocoa has more phenolic phytochemicals and
a higher Antioxidant capacity than teas and Red wines, J. Agric. Food Chem., 51, pp. 7292—
7295.

Subhashini R., Mahadeva Rao U.S., Sumathi P., Gayathri G. (2010), A comparative
phytochemical analysis of cocoa and green tea, Indian Journal of Science and Technology,
3 (2), pp- 0974 — 6848.

Salah N., Miller N.J., Pagange G., Tijburg L., Bolwell G.P., Rice E., Evans C. (1995),
Polyphenolic flavonoids as scavenger of aqueous phase radicals as chai breaking
antioxidant, Arc. Biochem. Brophi., 2, pp. 339—346.

Okwu D.E. (2004), Phytochemicals and vitamin content of indigenous spices of South
Eastern Nigeria, J. Sustain. Agric. Environ., 6, pp. 30-34.

Katz S.N. (1987), Decaffeination of coffee, Coffee: Technology, Ed. Clarke R.J. and
Macrae R., Elsevier Applied Science, New York.

Dugid J.P. (1989), A guide to the laboratory diagnosis and contnel fo infection. In colle et
al. (eds) Mackie and Mc Cartney Medical Microbiology, Bth Edn, Vol 1, Churchill
Livingstone, London, P.163.

Okwu D.E., Josaih C. (2006), Evaluation of the chemical compositions of two Nigerian
Medicinal Plants, African Journal of Biotechnology, 5(4), pp. 357-361.

—— Ukrainian Food Journal. 2017. Volume 6. Issue 2 267



46.

47.

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

268 —— Ukrainian Food Journal. 2017. Volume 6. Issue 2

Food Technology ——

Just M..J., Recio M.C., Giner R.M., Cueller M.U., Manez S., Billia A.R., Rios J.L. (1998),
Anti inflammatory activity of unusual lupine saponins from Bupleurum fruiticescens, 64,
pp- 404407

Sodipo O.A., Akinniyi J.A., Ogunbamosu J.A. (2000), Studies on certain characteristics of
extract from bark of Palmsinystalia macruceras (K.Schum) Pierre Esbeille, Global J. Pure
and Applied Sciences, 6, pp. 82-87.

Okwu, D.E., Okwu, M.E. (2004). Chemical composition of Spondias mombin Linn. Plant
parts, J. Sustain Agric. Environ, 6(2), pp. 140 -147.

Mohammed M. I., Sulaiman M. A. (2009), Proximate, caffeine and Tannin Analyses in
some brands of Tea consumed in Kano Metropolis, Nigeria, Bayero Journal of Pure and
Applied Sciences, 2(2), pp. 19-21.

Ajala A.S., Ojewande K.O. (2014), Study on the drying of fermented cocoa beans
(Theobroma cacao), International Journal of Innovation and Applied Studies, ISSN 2028—
9324, 9 (2), pp. 931-936.

Obahiagbon F. 1., Erhabor J.O. (2010), “The health implication of the dietary nutrients
detected in the vegetable leaves intercropped with Raphia hooker palms”, African Journal
of Food Science, 4(7), pp. 440—443.

Ndife J., Bolaji P., Atoyebi D., Umezuruike C. (2013), Production and quality evaluation of
cocoa products (plain cocoa powder and chocolate), American Journal of Food and
Nutrition ISSN 2157-1371, DOI: 10.5251/ajfn.2013.3.1.31.38.

Okanlawon O. S. (2000), Post Harvest Handling of grains. Nigeria stored products
research in Institute Kano, p. 12.

Ayoola B.P., Adeyeye A. (2010), Phytochemical and nutrient evaluation of Carica papaya
(Pawpaw) leaves, IJRRAS, 5(3), pp. 325-328.

Anita S.S., Akpan E.J., Okon P.A., Umoren L.U. (2006), Proximate composition and
phytochemical constituents of leaves of some acalypha species, Park. J. Nutri., 5, pp. 166—
168.

Butt M.S., Ahmed A., Sultan M.T., Imran A., Yasin M., Imran M. (2011), Evaluating the
effect of decaffeination on nutritional and antioxidant status of different coffee brands,
Internet Journal of Food Safety, 13, pp. 198-297.

Yukawa G.S. (2004), Effects of coffee consumption on oxidatives susceptibility of low
density lipo-proteins and serum lipid levels on humans, J. Biochem; Moscow, 1, pp.70 -74.
Najafi N.M., Hamid A.S., Afshin R.K. (2003), Determination of caffeine in black tea by
fourier transform IR Spectometry using multiple linear regression, Micro. Chem. J., 75,
pp-151 —158.

Farah A., Donageles C.M. (2006), Phenolic compounds in coffee, Brazilian Journal of
Plant Physiology, 18, pp. 23-26.

Farah A., Franca A.S., Mendonca J.C.F., Oliewra S.D. (2005b), Composition of green and
roasted coffee of different cup quality and chemical attributes of Brazillian coffee, Food
Chem., 98, pp. 373-380.

Scapagnin G., Davinelli S., Di Renzo L., De Lurenzo A., Hugo Olante H., Mical G., Cicero
A.F., Gonzalez S. (2014), Cocoa bioactive compounds, significance and potential for
maintenance of skin health, Nutritients, 6, pp. 3202-3213. doi:10.3390/nu6083202.

Gums J.G. (2004), Magnesium and ischemic heart disease: A review of epidemiological,
experimental and clinical evidences, Am. J. Health Syst. Pharm., 61, pp. 1569-1576.

Jalil AM., Ismail A. (2008), Polyphenols in cocoa and cocoa products: Is there a link
between antioxidant properties and health? Molecules, 13, pp. 2190-2219.




Food Technology ——

Investigation of viscous characteristics of ice cream
mixtures with starch syrup

Oksana Bass’, Galina Polischuk®, Elena Goncharuk?®

1 - National University of Food Technologies, Kyiv, Ukraine
2 - Chuiko Institute of Surface Chemistry of National Academy of Sciences of

Ukraine, Kyiv, Ukraine

Keywords:

Ice cream
Sugar

Syrup
Saccharification
Viscosity

Abstract

Article history:

Received 30.03.2017
Received in revised
form 25.04.2017
Accepted 29.06.2017

Corresponding
author:

Oksana Bass
E-mail:
Kleona@meta.ua

DOI:
10.24263/2304-
974X-2017-6-2-8

Introduction. Starch syrup is widely used as a sweetener for
the production of ice cream, but its structuring ability is not
sufficiently studied and requires additional research. Revealing
patterns of structuring mixtures with the syrup of different degrees
of saccharification allows to reduce the need for structural
stabilizers and to achieve a technological effect in the process of
ice cream production at the expense of only natural ingredients.

Materials and methods. Rheological characteristics of
mixtures of ice cream and aromatic ice cream with glucose-
fructose syrup (HFCS-96), glucose syrup (HFCS-42) and carotene
syrup (HFCS-30) have been investigated by using a rotary
viscometer.

Results and discussions. With complete replacement of
sugar for starch syrup HFCS-30 and HFCS-42, the initial effective
viscosity of ice cream mixtures increases by 22,1% and 2,5%
respectively, compared to the control sample with sugar. as
compared to the control sample with sugar. At the same time,
complete replacement of sugar on the syrup HFCS-96 contributes
to a decrease in the initial effective viscosity of the ice cream
mixture by 15,3%. Initial effective viscosity of aromatic ice cream
mixtures at full replacement of sugar by HFCS-30 and HFCS-42
increased by 27,1% and 14,8% respectively, and decreased by
11,6% at full replacement of sugar for HFCS-96 syrup.

Starch syrups HFCS-42 and HFCS-96 provide mixtures of
thixotropic properties. Instead, systems with syrup HFCS-30 can
not only completely restore the structure, but also show weak
reopectic properties. Due to this, in the mode of inverse reduction
of the shear rate, the effective viscosity of the mixtures of ice
cream of cream and aromatic, in case of complete replacement of
sugar, increases by 12,7% and 18, 8%, respectively, compared
with the initial values. In mixtures containing a mixture of HFCS-
96 and HFCS-30 patches at a ratio of 30:70, the effective viscosity
increases in reverse slip rate by 9,5% and 12,5% for ice cream and
aromatic ice cream, respectively, compared to Initial values.

Conclusions. The structuring ability of starch syrup decreases
with increasing its degree of saccharification. The revealed pattern
of the effect of starch syrup with different dextrose equivalent on
viscosity characteristics of mixtures of different chemical
compositions makes it possible to purposefully form indicators of
ice cream quality.
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The viscosity characteristics of ice cream mixtures change during the technological
process under the influence of certain types of thermal and mechanical processing (mixing,
pasteurization, homogenization, cooling, maturation, freezing) [1-6]. Thus, scientists at the
University of Manchester (UK) have confirmed that the viscosity of ice cream mixtures is
volatile and depends, first of all, on the temperature of the samples under study and the rate
of shear [2]. Scientists at the Department of Food Science, Faculty of Agriculture,
University of Udine (Udine, Italy) have proved the dependence of the viscosity
characteristics of ice cream mixtures on the process of homogenization [3].

Existing recommendations on the regulation of structural and mechanical properties of
ice cream mixtures chiefly take into account only the effective viscosity of the virtually
undamaged structure of mixtures. Thus, for mixtures of ice cream of classical species (milk,
cream, plombir) at a temperature of 20 °C at a shear rate y = 3 this figure should be about
200, 600 and 1200 mPa-s respectively. For the aromatic mixtures, effective viscosity is
much lower and can reach 250 mPa-s [5].

In the process of ice cream production, in the period between two technological
operations, "freezing" and "quenching", when the structure of a complex food system varies
from liquid (mixture) to a practically solid (hardened ice cream), it is equally important that
the ability of ice cream mixes to collapse significantly under the action of the external
shearing forces of the blades of the stirrer in the frieze and to quickly and effectively restore
the structure in a static state after the formation of portions before the quenching process.
The structure of the mixture must be partially or completely restored in the formed portion
of the finished product, which significantly improves its quality [2, 5]. Proper viscosity of
the mixtures and the ability to restore it contributes to the formation of a solid structure of
ice crystals and the formation of a hard ice cream consistency [1, 2, 4, 5, 18]. Instead,
scientists almost do not pay attention to the ability of mixtures to restructure the structure,
in spite of the fact that in ice cream technology this particular characteristic is one of the
most important.

Initial relative viscosity of the finished mixtures and its change in the production of ice
cream, primarily, are determined by the physical and chemical characteristics of the
formulation components [4]. Hydrocolloids and surfactants (stabilizers, emulsifiers and
stabilization systems) are essential in the structuring of mixtures for the production of ice
cream [5]. Equally important is the content of the fatty component, with the increase in the
viscosity of the mixtures also rises [1-7], as well as its chemical composition and degree of
conscientiousness. In the course of the latest developments, so-called "low-fat" milk fat
substitutes such as starch, starch-lipid compositions, serum protein isolates (WPI),
maltodextrins, etc. are becoming increasingly popular. [6-9], whose influence on the
organoleptic and structural-mechanical properties of ice cream is still not sufficiently
studied.

Sugar and sugar-containing components, in particular starch syrup, also influence the
process of forming the rheological characteristics of the mixtures and the finished product
[4, 9-14]. The content of reducing agents in the starch syrup is designated as dextrose
equivalent (DE): low conversion DE 28-38, intermediate DE 49-58, and high conversion
DE 59-96. Ice cream makers usually use liquid or dry corn syrups from DE 28-42 [4, 14].
With a decrease in DE, the sweetness of the molasses decreases, and the structuring ability
increases [5, 10, 15], which should be taken into account when used as part of food
systems. At the same time, there is no information on the possibility of complete
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replacement of sugar by starch syrup and its influence on the viscosity characteristics of
mixtures for the production of ice cream.

Consequently, taking into account the above, the study of the effect of starch syrup of
different degrees of saccharification on the viscosity characteristics of dessert mixtures is a
promising scientific direction in ice cream technology.

In view of the above, the purpose of scientific research is to determine the patterns of
the influence of starch syrup of varying degrees of saccharification on the effective
viscosity of mixtures for the production of ice cream.

Materials and methods

Materials

For the comparison of the rheological characteristics of milk-based mixtures for
control, the typical formula of ice cream is selected: with a mass fraction of fat — 10%, dry
skim milk residue — 10%, sugar —14%, stabilizing system Cremodan SE 709 — 0,5%. For
the study of ice cream on the basis of sugar syrups, a flavor mixture with a mass fraction of
sugar of 28% and a classical stabilizer (gelatin) in the amount of 0,5% of the total mass of
the mixture was selected as the Control sample.

As a sweetener and a structuring component, molybdenum-fructose syrup (HFCS-96),
glucose syrup (HFCS-42), carotene molasses (HFCS-30) and glucose-fructose syrup were
used as a syrup of starch dry.

The following designations were adopted.

Mixtures of ice cream:

- Control 1 (14% of sugar);

- Sample No. 1 (7% sugar + 7% HFCS-42);

- Sample No. 2 (14% HFCS-42);

- Sample No. 3 (7% sugar + 7% HFCS-96);

- Sample No. 4 (14% HFCS-96);

- Sample No. 5 (7% sugar + 7% HFCS-30);

- Sample No.6 (14% HFCS-30);

- Sample No. 7 (4.2% HFCS-96 + 9.8% HFCS-30);

Mixtures of aromatic ice cream:

- Control 2 (28% of sugar);

- Sample No. 8 (14% sugar + 14% HFCS-42);

- Sample No. 9 (28% HFCS-42);

- Sample No. 10 (14% sugar + 14% HFCS-96);

- Sample No. 11 (28% HFCS-96);

- Sample No. 12 (14% sugar + 14% HFCS-30);

- Sample No. 13 (28% HFCS-30);

- Sample No. 14 (8.4% HFCS-96 + 19.6% HFCS-30).

Preparation of mixture for ice cream samples with starch syrups

Mixture for ice cream production was prepared according to the classical technological
scheme and typical recipes (pasteurization at a temperature of 85 &+ 2 °C for 2-3 minutes,
cooling to 4 = 2 °C, maturity for 12 hours).

In the samples under study, 50 and 100% of the sugar replacement was performed on
starch syrup with different DE and composition (HFCS-96:HFCS-30 = 30:70), the
feasibility of which was confirmed by the authors earlier [11].
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Research of rheological characteristics of ice cream mixtures

The viscosity characteristics of the ice cream mixtures were determined by removing
the curves of the kinetics of deformation (flow), using a rotary viscometer with a measuring
system, cylinder-cylinder. Measurements were performed at a temperature of 20 °C. The
measuring cylinder (rotor) S1 was selected in such a way that the gradient layer was
distributed over the entire thickness of the product layer located in the annular gap of the
viscometer gauge. The measurement of shear stress was carried out in twelve values of
shear rate y in the range from 3 to 1312,2 s in series with a gradual increase in shear rates
at the highest speed for reverse gradual reduction of velocities [12].

Results and discussions

The dynamics of changes in the effective viscosity of ice cream mixtures of different
types for the gradient of the shear rate y in the range from 3 to 1312,2 s in the direct and
reverse is determined (Table 2).

Table 2
Rheological characteristics of the studied systems
Sample name n; n n: T
@1=3), (1=1312,2), @1=3), (1=1312,2),
mlla-c mlla-c mlla-c c
Mixtures of ice cream
Control 1 896,92 51,35 782,11 336
Sample No. 1 907,64 51,72 808,42 318
Sample No. 2 919,12 51,55 829,53 304
Sample No. 3 793,56 48,12 674,46 267
Sample No. 4 759,91 47,51 628,93 200
Sample No. 5 967,63 60,63 1050,19 425
Sample No. 6 1095,34 64,50 1234,31 440
Sample No. 7 1001,71 57,24 1097,26 370
Mixtures of aromatic ice cream
Control 2 252,30 6,21 204,54 152
Sample No. 8 269,82 6,66 208,96 141
Sample No. 9 288,61 6,91 217,57 139
Sample No. 10 206,43 5,73 182,32 99
Sample No. 11 191,55 4,84 160,45 83
3pa3zok No. 12 299,11 7,92 342,03 181
Sample No. 13 323,67 9,42 384,51 197
Sample No. 14 291,61 7,81 327,95 185

The nature of the structure destruction of the studied food systems in the process of m
easuring the effective viscosity is shown in Figure 1 and 2 on the example of a mixture of
ice cream and aromatic cream with a complete replacement of sugar on the starch syrup.
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201:,5

Control 1 Sample No. 2

Sample No.4

Figure 1. Dynamics of changes in the viscosity characteristics of ice cream cream (Control 1)
and samples with 100% sugar substitution on HFCS-42 (sample No.2) and 100% sugar
substitution

According to the results of the study, it is evident that samples of mixtures of control
and mixtures with HFCS-42 and HFCS-96 have thixotropic properties. In the process of
rheological research the gradual destruction of the initial structure and the corresponding
reduction of the effective viscosity (n3) by 10,8% and 17,2% respectively for ice cream
cream and 11,9% and 16,23% for aromatic ice cream per 100%-substitutes of sugar
compared to their initial values ( n;) are characteristic for them. At the same time, food
systems containing HFCS-30, are able not only to almost completely restore the structure,
but also to show weak reopectic properties. The latter are manifested in increasing the
effective viscosity in reverse shear rate (n;) by 12,7% for ice cream and 18,8% for aromatic
ice cream at full sugar replacement compared to the initial values ( n;). For comparison, in
control samples of ice cream and aromatic ice cream with sugar, effective viscosity
decreases by 12,1% and 18,7% respectively.
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1500

30

Control 2 Sample No.13

20 T,C

30
Sample No.14

Figure 2. Dynamic of change of viscosity characteristics of aromatic ice cream (Control 2) and
samples with 100% sugar substitution on HFCS-30 (Sample No.13) and 100% sugar
substitution for a mixture of HFCS-96: HFCS-30 = 30:70 (Sample No.14)

It should also be noted, that in the event of an increase in the degree of saccharification
and an increase in the content of mono-sugars in the syrupsmolasses, the time for which the
systems under study are transferred to a state of equilibrium () is reduced.

The use of HFCS-30 at the expense of increased content of polysaccharides not only
structures the mixture, but also improves the ability to restore the structure of the formed
portions of soft ice cream before quenching. At the same time, the effective viscosity of
such mixtures is too high, which can lead to a decrease in the loss of the finished product
and the formation of an overly dense structure and coarse consistency of the product [1, 2,
4, 5, 18]. Therefore, the complete replacement of sugar by HFCS-30, taking into account its
significant effect on the rheological properties of the mixture for ice cream of various
species, is not appropriate.
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The partial and complete replacement of the traditional sweetener by HFCS-96, in turn,
contributes to reducing the viscosity of the mixture and the ability to restore its structure,
compared with the control sample. Considering the chemical composition of HFCS-96, the
effect is due to the predominant content of monosaccharides in its composition [13]. That
is, the surplus or lack of polysaccharides does not ensure the proper formation and
stabilization of the structure of ice cream.

The food system, which has an overwhelming number of HFCS-30 polysaccharides,
compared to HFCS-96 samples, does not provide sufficient structuring, while the use of
HFCS-96 alone will provide ice cream with excessive sweetness and low resistance to
dandruff [15, 16]. Therefore, in order to create a structure characteristic for a soft ice-
cream, to balance the taste and consistency of the finished product, it is expedient to use a
mixture of starch syrup with a low and high DE for a ratio that ensures the formation of the
given physicochemical and organoleptic parameters of ice cream mixtures of different
species, in comparison with control samples.

For mixtures with HFCS-96 + HFCS-30 syrup composition for 100% sugar
replacement, an increase in effective viscosity is observed in reverse slope reduction (n;) by
9,5% for ice cream and 12,5% for aromatic ice cream compared to the initial values ( n;). It
should be noted that the use of the specified starch syrup composition also fully provides
the degree of sweetness typical of the classic ice cream. While the replacement of sugar by
HFCS-42 slightly affects the rheological parameters of mixtures, but significantly reduces
the sense of sweetness.

Similar studies were carried out by the Atatliirk University Department of Food
Sciences by Cihat Ozdemir, using mixtures for the production of 5% fat dairy ice cream
and a mass fraction of the sweetening component of 18%. As sweeteners in the samples
studied, HFCS maltodextrin, HFCS low-soluble molasses, HFCS mixture of medium
sugary sugar with a 1:1 ratio, HFCS low-sugar molasses mixture ratio of 1:1 were used in
the samples studied. The results of the study showed an increase in the effective viscosity
of HFCS low-octane samples and HFCS with an average degree of sacharification of 17,6%
and 2,2%, respectively, for complete replacement of sugar [15]. According to the results of
our study, the effective viscosity of ice cream mixtures with HFCS-30 and HFCS-42
increases by 22,1% and 2,5%, respectively in the case of complete replacement of sugar.
Replacing sugar with molasses HFCS-96 contributes to lowering the initial effective
viscosity of the cream mixture by 15,3%. Initial effective viscosity of aromatic ice cream
mixtures at full replacement of sugar by HFCS-30 and HFCS-42 increased by 27,1% and
14,8% respectively, and decreased by 11,6% with full replacement of sugar for HFCS-96
starch syrup.

These results confirm the general tendency of the influence of the degree of
saccharification of syrup on the structural and mechanical properties of the mixtures, but
are more versatile due to the nature of the change in the viscosity characteristics of systems
of different chemical compositions in the process of mechanical treatment.

The low viscosity of the mixture for aromatic ice cream, as compared with milk-based
ice cream, is due to the use of gelatin as a stabilizer. Its macromolecules are not able to
form a sufficiently dense framework, compared with the current stabilization system in the
ice cream.

The revealed ability of mixtures with starch syrup and polysaccharides in its
composition to restore the destroyed structure has practical significance, especially in the
case of production of ice cream on the stream extrusion lines, which will improve the
efficiency of the process of forming and dosage of ice cream portions.
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In further researches it is planned to study the indexes of quality of ice cream with

starch syrup taking into account the results of research of structural and mechanical
properties of mixtures for its preparation.

10.
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Conclusions

Starch syrup in mixtures for ice cream, depending on the degree of saccharification,
significantly affects their structural and mechanical characteristics. The content of
higher sugars in the HFCS-30 syrup, unlike HFCS-96, contains the majority of
monolysaccharides, contributes to the better structuring of mixtures, which directly
affects the increase of their effective viscosity.

HFCS-96 and HFCS-42 mixtures are thixotropic, and mixtures with HFCS-30 have
low reopectic properties, which allows to predict the dynamics of change in effective
viscosity in the technological process of ice cream production.

It is expedient to use an HFCS-30 + HFCS-96 composite mixture at a ratio of 30:70 to
produce ice cream with high whipping, proper melting resistance and a sufficient
degree of sweetness.
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Introduction. The purpose of research was to determine the
impact of different freezing methods of Marselan grapes on
sensory and physicochemical compositions of obtained icewines.

Materials and methods. Sweet wines were obtained by two
ways of freezing of Marselan grapes: naturally and alternative —
cryogenic extraction. The production and physicochemical
parameters of wines were conducted in agreement with the
provisions of the International Organization of Vine and Wine
relating to icewine technology. Quantitative and qualitative
composition of aromatics in sweet wines were determined by gas
chromatography. Sensory analysis consistent with ISO 8586-2
showed the organoleptic attributes of dessert wines.

Results and Discussion. According to the agricultural
climatic resources of Northen Black Sea coast exactly in Odesa
region red variety Marselan is suiTable for processing into
dessert wine of premium sector. Freezing of grapes by cryogenic
extraction was slower and at a lower temperature (-10°C)
compare to natural method (harvesting at -7°C) for obtaining of
must with a high sugar content.

The chemical composition of the wine grape Marselan, frozen
in various ways were not significantly different. Positive
correlations among the variables responsible for the content of
sugar, ethanol and volumetric mass concentrations of volatile
acids were observed in both samples. 35 and 37 aroma
compounds were found in wines made by natural (NF) and
alternative freezing (AF) respectively by gas chromatography.
Concentrations of alcohols in both wines were the highest among
aroma volatiles counting more than 60 % and 40 % in wines of
NF and AF accordingly. Esters, higher alcohols, volatile acids
differ in mass concentration, and C4 compounds were found only
in the wine produced from grapes frozen on the vine. Sensory
analysis showed differences in intensity of fruit notes, hints of
nuts and longitude of aftertaste.

Conclusions. The results of the research demonstrate the
peculiarities in the formulation of unique aromatic and chemical
profiles of icewines made from Marselan, as well as a way of
freezing affects the defining characteristics of the wines.
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Introduction

Using the new varieties in non-classic technologies impacts on developing of original
wines whereby expanding of range inside market. Icewine is relatively new wine type for
production of which particular conditions are required [1]. An agricultural climatic factors
and cold resistant cultivars are the main aspects to obtain frozen grapes from vines. The
white skinned varieties are widely applicable in atypical technology but recently
winemakers have started to freeze dark grapes that also can withstand frosts [2].

To our knowledge icewine from Marselan grapes had not been produced in the world
and its aromatic and chemical characteristics also had not been investigated in scientific
literature [1], [2], [7], [8]. Marselan cultivar originated from cross-breeding of Cabernet
Savingnoun and Grenache in France [3] was chosen due to characteristics appreciated for
icewine grapes including thick skin, late maturing variety with a high natural acidity. A
cold resistant of variety was determined through leaving grapes on vines after major of
harvest had been picked for another wine types from vineyards of Shabo. Riesling is
considered as king of icewine grapes in the world [4] but unfortunately due to the
distribution of precipitation most of which was high in months of autumn cultivar was
rotten in Northen Black Sea coast, Odesa region, Ukraine (Figure 1).

In order to avoid lost entire amount of grapes intended for icewine before temperatures
will be cold producers use artificial methods of freezing. Place is especially important in
wine grape production because soils and climate cannot be modified by humans, and thus
geographic branding has become increasingly spatially specific [5].

The aim of current article was to determine the peculiarities of aromatic and chemical
compositions of wines obtained by natural and alternative freezing of Marselan grapes. The
main objectives of research were to compare chemical and sensory properties of dessert
wines. The expected practical result was to produce the new premium wine possessing
unique aroma and flavor due to atypical technology.

Materials and methods

Grape materials. In December of 2016 Marselan grapes from vineyards belonged to
terroir of Shabo in Northen Black Sea coast, Odesa region, Ukraine were harvested and
pressed at required level of temperature according to Definition of the vitivinicultural
products by code sheet of OIV [6]: - 7°C. The sugar content of obtained must was over 300
mg/l that is accordance with international documentation about icewine production. Two
month earlier another portion of Marselan grapes had been frozen using refrigerator during
one week until statutory sugar level was reached in berries (until -10°C). The grapes had
been picked while technological ripeness of variety was observed on October of 2016.

Fermentation. The intense advertence is devoted to choice of yeast strain that
contributes to chemical and sensory attributes thereby question of optimal and suiTable
yeast for icewine is still discussed by major of producers and researchers [7], [8], [9], [10],
[11]. Before fermentation musts were clarified by Microcol bentonite alpha (Laffort CO.,
France) with concentration of 1g/l combined with Polylact (Laffort CO., France) for
effective fining. The adding of Assotan (Esseco SRL, Italy) contributed to essential
antioxidant protect. Both samples of must formerly heated to 18-20 °C were inoculated
with Saccharomyces cerevisiae VIN 2000 hybrid (Anchor, South Africa) at rate of 5 g/dal.
The yeast starter was prepared by such wise: 1) rehydration of yeast to intended
concentration 5 g/dal, 2) after 15 minutes of rehydration equal volume of yeast and must
previously heated to 28-30°C were mixed and then resulted started was left during 1 hour,
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3) in this starter equal volume of sweet must was added and left at temperature of 25-30 °C
stirring every 45 minutes. The yeast starter was appended triply: in 1% day of fermentation,
after 2 days of fermentation and after one week in order to acclimatization and
accumulation of yeast biomass. Also to reducing the fermentation time and increasing the
rate of process simultaneously complete fermentation activator and yeast nutrient
Maxaferm (DSM Food Specialties B.V, The Netherlands) with concentration of 2 g/dal and
Booster Blanc (Lallemand, Canada) with concentration of 3 g/dal were added to both musts
after 2 days of beginning of fermentation. The aforementioned nutrients were diluted in
water 1:10 and supplemented one time.

Chemical methods. Chemical analysis was conducted according to prevailing laws in
winemaking of Ukraine and international documentation regard to icewine production. The
sugar content of must was measured by Digital Hand-Held "Pocket" Refractometer PALI
(Atago CO., LTD, Japan) and then converted from Brix into g/l using Table giving the
sugar content of musts and concentrated musts in grammes per liter recommended by OIV
[12]. The pH was determined by pH- meter S220 (Mettler-Toledo International Inc.,
Switzerland). The concentration of titrated acid (TA) was determined in accordance with
first method of GOST 14252-73. Concentrations of volatile acids (VA) were identified by
analytical equipment Apparatus for the extraction of volatile acidity by direct distillation
116300 (Dujardin-Salleron Laboratory, France).

Determination of volatiles in the wines was carried out using of Gas chromatography
Agilent Technology 7890A (Agilent Technologies, Inc., USA). The main characteristics of
chromatograph utilized in ascertainment of volatiles are following Silica capillary column
VF-WAXms 60 m, the carrier gas was helium at rate of 3 ml/min, column diameter — 0,33
mm, the temperature of the evaporator and the detector pointed 245 °C, the temperature of
thermostat was from 450 to 245 °C with rate of 40 / min, sample volume — 1 mcl. The
concentration was calculated according to the method of absolute calibration. A pentanol—
standard solution (internal standard - 5 mg/l and 1 ml of methylene chloride) were added to
10 ml of wine base. After stirring for 2 hours on a magnetic stirrer methylene chloride layer
was separated, which had been evaporated by pure nitrogen gas flow to a volume of 50
microliters. The extract was analyzed by a chromatograph mass spectrometry detector. The
components were identified by comparing the mass spectra of the substances identified in
the chromatogram and of the standard library of mass spectra. The concentration was
calculated according to the ratio of the peak areas pentanol (5 mg / 1) and the identified
peaks of volatile substances without correction factors.

All methods of determination of wine and must compositions were conducted in
producing laboratory of winery «Shaboy in triplicate. Data about amount of precipitation
was obtained from meteocenter of territory where Shabo is located.

Sensory assessment. Analysis of organoleptic attributes of dessert wines were done in
laboratory of sensory analysis of Odesa national academy of food technologies (ONAFT),
Odesa, Ukraine by a panel of 10 judges who had trained according to ISO 8586-2 [13]. The
most applicable descriptive terms had been selected during tasting to create own aromatic
profile of dessert wines.

Statistical analysis. In order to determine differences in sensory and chemical attributes
of obtained wines XLSTAT (Addinsoft; Paris, France) statistical software was performed.
The diversity between chemical variables of grape musts and wines Factor analysis was
utilized (Table 1, Table 2). LSD test showed the influence of temperatures on sugar
contents of Marselan grapes frozen by refrigerator (p< 0,05) (Table 3). ANOVA
(Assessor/Descriptors) was carried to calculate which descriptors had had the biggest
influence on sensory parameters using grade scale with anchors at 0 to 7. Anchors for
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parameters of length of aftertaste and color were labeled as low intensive and high
intensive, for other attributes grades were characterized as low or high starting from O.
Using Descriptive analysis mean scores of descriptors defined by each judges were
determined (Figure 2). Means and its standard deviations of volatiles of 2 dessert wines
were calculated (Table 4). All Figure s were created using Excel software (Microsoft
Office, USA).

Results and discussion

1. Natural and alternative freezing of Marselan grapes

Marselan originated from south of France and favored in hot climate withstood
frequent precipitation especially during October in Northern Black Sea coast, Odesa region

that also is important to produce rare wine without loses of grapes caused by high water
status in ground before first frosts (Figure 1).
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Figure 1. Precipitation from April to December of 2016 in Shabo, mm

The value of water for technological characteristics of grapes is essential: the more
precipitation in the period of active vegetation of the plant, especially the berries growth,
the higher the acid content in the grapes and aromatic substances [14].
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In sequential decrease in temperature (-6 °C, -8 °C, -10 °C) for Marselan grapes
harvested at the technological maturity in wine season 2016 have been frozen using the
refrigerator working around the clock for seven days. The influence of different level of
temperatures on sugar content of cultivar is represented in Table 3. Due to the the structure
of thick peel variety achieved proper level of sugar needed for the production of dessert
wines such as Icewine only under the lowest temperature -10 °C in refrigerator compared to
natural freezing, when temperature was -7 °C.

Table 1
Pearson correlation matrix for Marselan musts made by natural and alternative freezing

Variables Sugar content | TA pH
Sugar content 1 0,984 | -0,987
TA 0,984 1 -0,957
pH -0,987 -0,957 1

Data based on 6 samples. Values in bold are different from
0 with a significance level alpha=0,05

Table 2
Pearson correlation matrix for wines produced by 2 different treatments
Variables Sugar content | TA pH | Ethanol | VA

Sugar content 1 0,784 | 0,000 0,983 0,869

TA 0,784 1 -0,032 | 0,720 0,899

pH 0,000 -0,032 1 -0,101 | -0,348

Ethanol 0,983 0,720 | -0,101 1 0,861
VA 0,869 0,899 | -0,348 | 0,861 1

Data based on 6 samples. Values in bold are different from 0 with a significance
level alpha=0,05

Regardless of freezing treatment both wine sample had the same correlations between
variables — parameters (Table 2). Volatile acidity had positive association with sugar
content due to activity of hyperosmotic stress of yeasts that had contributed to increasing of
acetic acid. Also the higher sugariness the biggest concentration of ethanol was produced
likely for reason of fermentation conversion into alcohol. The positive correlation between
titraTable acidity and sugar content can be explained by freezing that concenters all
substances of grapes passing into wine (Table 1, Table 2). Level of pH was independent
from sugar content and negatively correlated with other attributes.

Table 3
. @ ) (€))
Temperature, °C | = 3/¢ 53 306,90 287,33
-10 0,018164 | 0,000121
-8 0,018164 0,001436
-6 0,000121 | 0,001436
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The data of LSD test showed significant differences between the samples of grapes
emphasizing the effect of temperature on the sugar content of berries (Table 3). The largest
difference of sugar content was observed in grapes at -6°C sequential triple freezing, which
is associated with activation of biochemical processes, due to a sharp decrease of
temperature.

2. Sensory evaluation

According to descriptive analysis (Figure 2) wine produced by natural freezing is
characterized by fruits notes including perceived nuances of pear, plum and apricots. The
character of tropical fruits such as figs, banana of dessert wine made by alternative method
was higher compared to first sample. The citrus aromas were more notable in wine grapes
for which had been frozen in refrigerator but nutty tones were higher in experimental
icewine. The lowest taste of spicy and caramel and approximately the same honey tins were
presented in both wines. Length of aftertaste of wine obtained from naturally frozen
Marselan was more intensive and deeply colored, than another sample.

Floral

Citrus

Tropical fruits

WAF - - - WNF

Figure 2. Biplot of sensory descriptors of dessert wines

Results of ANOVA shown that scores determined by each judges were different and
distinguished significantly (F=18,883, p=0,051). The abovementioned descriptors were
chosen by consensus. Each assessor proposed aroma characteristics according to own
perception. Thus, terminology was ascertained for conducting of tasting. In general, the
scores of all descriptors were not differed significantly estimated by judges. The most
variation was presented in evaluation of intensity of caramel, walnut and citrus. The whole
compliance was reached in determining of aromas of fruits, spicy and color.

283

—— Ukrainian Food Journal. 2017. Volume 6. Issue 2



Food Technology ——

3. Volatile compositions

In wine made by natural freezing (NF) 35 compounds were detected and 37 ones were
found in wine of alternative freezing (AF). Means of volatiles and its standard deviations
are represented in Table 4. Chemical standards, quantitative and qualitative ions for icewine
and dessert wine from Marselan variety are shown in Table 5.
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Table 4
Means and standard deviations of volatiles of 2 dessert wines
Ne Volatiles Wine of NF Wine of AF
1 | Phenylethyl Alcohol 74,85 £0,502 | 55,13 +£0,0125
2 | 3-methyl- 1-Butanol 63,93 £0,562 | 53,60+ 0,687
3 | 2-methyl-1-Propanol (isobutanol) 9,51 £0,044 | 7,52 + 0,045
4 | 1-Propanol 8,37 +0,468 | 6,10+ 0,358
5 | 2,3-Butanediol 5,170,003 | 11,17 +0,001
6 | 3-ethoxy-1-Propanol 1,64 +£ 0,302 | 0,46 +0,301
7 | 1-Butanol 0,63 +0,044 | 0,65+0,047
8 | 3-methyl-1-Pentanol 0,22+0,019 | 0,23 +0,017
9 | 3-(methylthio)-1-Propanol 0,21+ 0,050 | 0,23 £0,058
10 | 1-Octen-3-ol 0,11 +0,004
11 | 1-Hexanol 0,78+0,273 | 0,63 +0,217
12 | Cis-3-Hexen-1-ol 0,06 = 0,001
13 | 3-methyl-1-Butanol, (Isoamile acetato) 31,50 £2,109 | 32,72 +0,128
14 | Ethyl Hexanoate 8,31+1,639 | 9,25+ 1,247
15 | Ethyl butyrate 433+0,804 | 3,87 +0,812
16 | Ethyl hydrogen succinate (monoethyl ester) | 3,02 £ 1,670 | 2,06 + 1,238
17 | Ethyl octanoate 4,44 + 0,358 | 8,26 +£1,647
18 | 2-Phenethyl acetate 2,28+ 0,424 | 6,04 £0,547
19 | Diethyl succinate 1,70 £ 0,071 0,71 £0,078
20 | Ethyl decanoate 1,35+0,164 | 3,45+0,161
21 | Ethyl lactate 0,95+ 0,090 | 0,89 £0,07
22 | Ethyl 3-hydroxybutyrate 0,27 +0,038 | 0,25+ 0,09
23 | 3-Ethoxypropyl acetate 0,23+ 0,036 | 0,10+0,031
24 | Hexyl acetate 0,19+ 0,005 | 0,35+0,001
25 | 1,3-propanedioldiacetate 0,19+ 0,004 | 0,19 £0,005
26 | Benzaldehyde 0,58 +£0,014
27 | Benzeneacetaldehyde 0,43 +0,007 | 0,24 + 0,007
28 | Acetoin 0,15+0,023 | 1,93 +0,067
29 | N-(3-Methylbutyl) acetamide 0,11 +0,002
30 | Octanoic acid 17,44 £0,131 | 37,51 £ 0,147
31 | Neodecanoic acid 8,18+ 0,076 | 12,14 +0,029
32 | Hexanoic acid 6,69 + 0,432 10,94 £ 0,427
33 | Acetic acid 522+0,124 | 7,15+0,143
34 | n-Decanoic acid 4,80+ 0,127 18,88 £0,125
35 | Butanoic acid 0,32+ 0,007 | 0,31 £0,09
36 | 3-methyl valeric acid 0,57 + 0,001
37 | 2-Methoxy-4-vinylphenol 0,18 + 0,001
38 | Linalol 0,53 +0,125
39 | Dihydro-2-methyl-3(2H)-Thiophenone 0,55 + 0,05
40 | Ethyl 5-Oxotetrahydrofuran-2-carboxylate 0,14 £ 0,078
41 | Ethyl 4-hydroxy-3-methoxybenzoate 0,35+ 0,097
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Table 5

Chemical standards, quantitative and qualitative ions for Marselan icewine and dessert wine

Cas Quanti- Qualitative Odor
number Compounds . fication ions (m/z) characteristics
ions (m/z)
60-12-8 Phenylethyl Alcohol 91 65, 51 Burnt, rose, oily
3391-86-4 1-Octen-3-ol 57 72,82 Mushroom
928-96-1 3-Hexen-1-ol 67 41,82 Green grass, resin
123-51-3 3-methyl- 1-Butanol 55 70,42 Malt, rancid,
(izoamyl alcohol) pungent
78-83-1 2-methyl-1-Propanol 43 41,31 Fruity, floral
71-23-8 1-Propanol 31 59,42 Sweet, ripe fruit
513-85-9 2,3-Butanediol 45 57,89 Fruity, buttery,
bitter[36]
111-35-3 3-ethoxy-1-Propanol 31 59,45 Not found
111-27-3 1-Hexanol 56 43,55 Leaf, grassy, resin,
medicinal
71-36-3 1-Butanol 56 31,41 Medicinal,
phenolic
589-35-5 3-methyl-1-Pentanol 56 69,41 vinous,
herbaceous, cacao
505-10-2 3-(methylthio)-1-Propanol 106 41,53 VegeTable
(Methionol) boiled potato, and
soup-like[36]
565-67-3 2-methyl-3-Pentanol 59 59,74 Fuel
626-89-1 4-methyl-1-Pentanol 56 69,41 Almond, toasted,
nutty
98-55-5 alpha-Terpineol 59 75,63 Lilac, Citrus,
Lime, sweet
100-51-6 Benzyl alcohol 79 85,93 Floral, fruity
123-92-2 3-methyl-1-Butanol, 43 55,70 Banana
(Isoamile acetato)
123-66-0 Ethyl Hexanoate 88 99,43 Fruity, green,
apple, banana
105-54-4 Ethyl butyrate 71 43,88 Apple
1070-34-4 Ethyl hydrogen succinate 101 85,94 Herbaceous
(monoethyl ester)
106-32-1 Ethyl octanoate 88 101,127 Fruity, banana,
pineapple, peach,
sweet
103-45-7 2-Phenethyl acetate 104 42,47 ripe fruit, floral
110-38-3 Ethyl decanoate 88 Sweet, grass
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Table 5 (continue)

Chemical standards, quantitative and qualitative ions for Marselan icewine and dessert wine

uanti- N
Cas Compounds (gcation Qualltatlve Odor. .
number . ions (m/z) characteristics
ions (m/z)
97-64-3 Ethyl lactate 45 29,75 Acid, medicine
5405-41-4 Ethyl 3-hydroxybutyrate 43 36,49 Apple
94825-54-4 3-Ethoxypropyl acetate 43 85,63 Sweet
142-62-1 Hexyl acetate 43 56,61 Fruity, apple, pear
628-66-0 1,3-propanedioldiacetate 43 44,87 Potato
1126-51-8 Ethyl 5-Oxotetrahydrofuran- 85 51,39 Not found
2-carboxylate
617-05-0 Ethyl 4-hydroxy-3- 151 114,79 Not found
methoxybenzoate
100-52-7 Benzaldehyde 106 111,56 bitter almond
122-78-1 Benzene acetaldehyde 91 58,74 Almond
513-86-0 Acetoin 45 75,98 Butter flavor
13434-12-3 | N-(3-Methylbutyl) acetamide 30 44,68 Vinegar
124-07-2 Octanoic acid 60 78,81 Grass, rancid
26896-20-8 Neodecanoic acid 87 56,39 Strong odor
142-62-1 Hexanoic acid 60 45,68 Cheese
64-19-7 Acetic acid 43 69,81 Strong odor,
Vinegar
334-48-5 n-Decanoic acid 73 78,63 fatty, unpleasant
107-92-6 Butanoic acid 60 71,54 Cheese, rancid
105-43-1 3-methyl valeric acid 60 55,46 Unpleasant, sour
7786-61-0 2-Methoxy-4-vinylphenol 150 54,97 Spicy clove
78-70-6 Linalol 71 101,46 Flowery
13679-85-1 Dihydro-2-methyl-3(2H)- 60 112,84 Balsamic
Thiophenone

Concentrations of alcohols in both wines were the highest among aroma volatiles
counting more than 60% and 40% in wines of NF and AF respectively. Concentration of
Phenylethyl Alcohol in dessert wine obtained by NF of Marselan was higher than in
another wine. Such tendency can explain that current alcohol rises with the degree of
ripeness of grapes. According to information[15] Phenylethyl Alcohol has the high
concentrations in dessert special wines that is agree with current findings and it is more
abundant in white wines from Riesling, Chardonnay, Pinot blanc and Gewiirztraminer [16].

Alcohol with mushroom odor 1-Octen-3-ol was found only in late-harvest wine which
is in agreement with several studies [17], [18], [19]reporting occurrence of alcohol in wines
made from overripe grapes and possible rotten by fungal infections. Aforementioned
statements coincide with that Marselan grapes used for freezing in refrigerator were clean
and health.
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Cg compounds are partly responsible for the green and herbaceous aroma of grapes and
wines [20]. High water status in ground, especially during the later stages of ripening have
negative effects on wine aroma. Too much water contributes to more vegetal in wine, bell
pepper and grassy character [21]. The rainfall during experiment period from late October
until December was high, above 200 mm in total, thus affecting the herbaceous character in
Marselan wine made by natural freezing. It should be pointed out that the later harvest date
(hanging time of berries on vine) also impacted on the highest concentrations in wines of 1-
hexanol and Cis-3-Hexen-1-ol [22] [23]. Also the addition of antioxidation agents to the
must affects the content of these compounds [24].

Isoamyl alcohol, 1-propanol and Isobutanol had highest concentrations in wine
obtained by natural way due to spontancous alcoholic fermentation of grape must
conducted by action of different yeast genera and species [25] that probably were on
Marselan grapes before harvest. Also the important factor of forming of higher alcohols as
well as N-(3-Methylbutyl) acetamide is adding yeast nutrients including amino acids and
ammonium used for must fermentation for both samples. Although, acetomide was not
observed in wine produced from frozen grapes synthetically. The effect of the ammonium
addition can be explained by the increased capacity of the yeast to transform the
synthesized a-ketoacids, avoiding their accumulation and later expulsion to the medium
after their reduction to higher alcohols [26], [27], [28]. Concentrations of 3-ethoxy-1-
Propanol in natural sweet wine was denominated much. This fact accounts for actions of
yeast during fermentation. Concentrations of 1-Butanol and 3-methyl-1-Pentanol had been
noted distinction in both wine samples. The higher alcohols significantly influence on
aromatic of wines possessing pungent and fusel odor, but the most significant aspect of
them is their function in the formation of esters [29]. Such substances as 2-methyl-3-
Pentanol, 4-methyl-1-Pentanol and alpha-Terpineol were identified only in icewine made
by alternative method. An alpha-Terpineol is derived from linalool itself and therefore
implying its sensorial character [30].

The ethyl 5-Oxotetrahydrofuran-2-carboxylate  and  ethyl  4-hydroxy-3-
methoxybenzoate were detected only in wine produced by alternative way and
concentrations of majority of other esters were higher compared to esters presented in
natural-made icewine. With reference to data [19] decrease of acids in late-harvest grapes
effect to forming of esters. As expected concentration of 3-methyl-1-Butanol, (Isoamile
acetato) was the highest among all esters in wines that plays important role in aroma
background in wines [31]. Ethyl hexanoate, ethyl lactate and ethyl butyrate are responsible
for the full-bodied fruity and floral aroma of wine [32]. Tendency to a limited increase of
isoamyl and 2-phenethyl acetate was found in dessert wine obtained naturally and
previously had been observed in botrytized wines due to the esterase activity of B. cinerea,
which probably persisted in the juice [33].

The fatty acids, formed enzymatically during fermentation, constitute an important
group of aroma compounds that can contribute with fruity, cheese, fatty, and rancid notes to
the wine’s sensory properties [34]. Volatile acids such as hexanoic, octanoic and decanoic
acids existed in our study were also found in sweet wines from Muskat and Malvasia grapes
[35].

In wines made by NF and AF phenylethyl alcohol, 3-methyl- 1-Butanol, 3-methyl-1-
Butanol, (Isoamile acetato) and octanoic acid had the highest concentrations among others
volatiles. Also in wine produced by alternative method concentrations of n-decanoic acid,
ethyl hexanoate, acetic acid, acetoin, hexyl acetate, 2-phenethyl acetate, ethyl decanoate,
ethyl octanoate and 2,3-butanediol were found in biggest amount compared to natural-made
icewine. The standard deviations of volatile substances of 2 dessert wines were not
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significantly high with the exception of ethyl hexanoate and ethyl hydrogen succinate
(monoethyl ester) in both samples. The standard deviation of 3-methyl-1-Butanol (Isoamile
acetato) of classic icewine was identified as highest among alcohols.

Conclusions

Firstly, in Ukraine icewine was produced from dark-skinned variety Marselan

according to agricultural climatic conditions of Northern Black Sea coast in Odesa region.
The physicochemical and aromatic profiles were determined for comparative evaluation of
dessert wines obtained by different methods of freezing:

1.

Chemical attributes: both wine sample had the same correlations between variables —
parameters including sugar content, titraTable acidity (TA), volatile acidity (VA),
ethanol but pH was not associated with abovementioned properties.
Sensory analysis: nuances of pear, plum and apricots and longest of aftertaste were
inherent for natural-made icewine from Marselan and in wine by AF tropical fruits
such as figs, banana and citrus perception were identified.
Chromatographic analysis: both wine samples were similar to majority of volatile
compounds but differ by its concentrations where alcohols and esters were determined
as the main aroma indicators characterized by fruity and flowery odors.

Agricultural climatic conditions of Northern Black Sea coast allow to harvest Marselan

grapes in winter without alternative freezing, which is energy-consuming in the production
of elite wines.

—_—
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Introduction. There is a serious worldwide protein
deficiency problem, so it is the obligation to know about
edible species and their biochemical composition. Sea
cucumbers have great value because of its high protein
content. The study comprises monthly data on biochemical
content of H. tubulosa.

Materials and methods. Monthly variations in
biochemical composition of sea cucumbers and
environmental interrelationship were investigated from April
2013 to March 2014, from three stations (Gelibolu, Umurbey
and Dardanos) in Dardanelles Strait, Turkey.

Results and discussion. Temperature pattern was similar
at the stations while salinity and organic matter values at
Dardanos was different than others stations. Protein was
maximum (52.48%) in March at Gelibolu; in May (52.81%)
at Umurbey and (56.93%) at Dardanos; lipid was maximum
(1.70%) in February at Gelibolu; in March (1.77%) at
Umurbey and in September (1.42%) at Dardanos; ash was
maximum (43.51%) in November at Gelibolu; in September
(44.22%) at Umurbey and in December (44.98%) at
Dardanos. Carbohydrate reserves were reduced due to being
used as energy for lipid synthesis in September and also
carbohydrate and lipid reserves could be used as an energy
source during periods of lower available nutrition for basic
metabolic function. Protein, lipid, carbohydrate, ash and
moisture values varied depending on food supply and
reproduction period and might have been indirectly affected
by environmental conditions.

Conclusions. The study clearly showed that protein, lipid,
carbohydrate and ash values varied depending on food
supply and reproduction period and might have been
indirectly affected by environmental conditions.
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Introduction

The world's population is growing rapidly that means more people, more water and
more food will be needed. Therefore, it is the obligation to know about edible species and
their biochemical composition. Aegean Sea, Mediterranean Sea and Marmara Sea are home
formany commercial sea cucumber species; Holothuria tubulosa, H. sanctori, H. polii, H.
mammata, Stichopus regalis and S. japonicus species distributed along Turkish waters, are
all exported as frozen, dried and salted, mainly Asian countries [1]. The overall trend in the
export of sea cucumber is a continuous increase; total exportation amount carried out in
2014-2015 years was 154.203 kg, and it contributed 3.225.393 € to economy of the country
[2, 3]. The demonstrated economic value of sea cucumber enterprises in Turkey reflects the
potential value to coastal areas. However, harvests of natural stocks by commercial
fisherman could lead to rapid over-exploitation of sea cucumber. The species could
potentially be developed into a new viable crop for future aquaculture [4]. In the light of
these information, the current trade opportunity in sea cucumber highlight need for
developing aquaculture facility. Before starting an aquaculture production of any species,
one of the primary factors that what is the relationship between biochemical content and
environmental factors. Sea cucumber is susceptible to changes of several environmental
factors, e.g., UV exposure and elevated temperature. Under the extreme stress, it will vomit
intestine and easily be subjected to autolysis, consequently causing heavy economic losses
[5]. Holothurians, from a nutritional point of view, is a healthy diet with high nutritional
value, as it contains high protein and low lipid rate. The major edible part of sea cucumber
is body wall, in which protein is the main nutrient component [5]. Proteins, lipids and
minerals which are related to the physiological and nutritional value [6, 7, 8]. Proteins play
an important role in most biological processes and lipids serve as energy reserves [9].

Increase of the commercial value of sea cucumber necessitated more detailed
investigation and emphasized the need to develop aquaculture studies. Biochemical
composition as one of the most important of all subjects varies in accordance with
geographical region of the species [10]. Only a few studies on sea cucumber in Turkey [11,
12, 13, 14]. The significance of the present study is that it comprises monthly data on
biochemical content of H. tubulosa and its relationship with environmental factor at three
stations in Marmara Sea, Turkey.

Material and methods

The study was carried out between April 2013 — March 2014 at the three stations in
Dardanelles Strait. The sampling stations were Gelibolu, 40.367778° N, 26.6325° E is close
to the Marmara Sea (S1); Umurbey, 40.2525° N, 26.548056° E is in the central region of
the Dardanelles Straits (S2); Dardanos 40.073333° N, 26.352778° E is near the Aegean Sea
(S3), respectively. Sea cucumbers were monthly taken as 15-20 samples (total 240
specimens) from depths of 0-5m by divers. Sampling could not be performed in December
2013 since no individual was present at the Station 1 and 2.

Temperature and salinity of the sea water were measured from water surface with
WTW Multi 3420 Model hand-held portative multiparameter device. The sediments
sampled from the all stations and burned for determination of organic matter in sediment
(OM) according to Buchanan [15]. Sea cucumber samples taken from the sea were placed
in ice boxes and transferred to laboratory for analyses. After the removal of coelom fluid of
the samples, intestinal organs and gonads were removed. Tissues were dried before
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biochemical analyses, and the dry meat samples were kept in a deep-freezer for
biochemical analyses. Biochemical composition analyses were performed solely in body
wall tissue as dry weight.

The biochemical composition of the tissue was expressed as percentage of protein,
lipid, ash, carbohydrate and moisture on the H. tubulosa. Moisture amount was measured
with oven drying method [2] and ash determination AOAC method [16]. Protein was
determined by using Kjeldahl method [17]. A conversion factor of 6.25 was used to convert
nitrogen to crude protein for all varieties of sea cucumber. Total lipids of H. tubulosa
species were extracted according to the Folch et al., [18]. The following formula was used
for determining carbohydrate content:

Carbohydrate (%) = 100-[lipid (%) + protein (%) + ash (%)].

At the end of the study, all percentage of the data was transformed by arc-sin
transformation [19] prior to the ANOVA and reversed afterwards. The variations were
analysed using the one-way ANOVA followed by Tukey tests for mean comparison.
Correlation matrix was used to determine the relationships between the environmental
factors and biochemical parameters at the significance levels. Statistical analyses were
carried out using Microsoft Excel and the software program MINITAB 13A (Minitab Inc.,
State College, PA, USA).

Results and discussion

Figure 1 displays monthly temperature, salinity and OM at three stations while the
maximum, minimum and mean temperature, salinity and OM were shown Table 1.

Table 1
Maximum, minimum and mean temperature, salinity and OM values at S1, S2 and S3

Temperature, °C Salinity, %o OM, %
8.70 22.4 1.84
Min. (January) (June and July) (March)
n 25.10 26.40 8.81
Max. (June) (February) (April)
Mean 17.63+1.85 24.10+0.43 3.62+0.74
9.40 22.7 2.16
Min. (January) (June and July) (February)
A 25.10 27.20 6.96
Max. (August) (December) (June)
Mean 17.73£1.76 24.68+0.51 4.31£0.51
10.40 26.10 2.88
Min. (January) (September) (May)
7 24.00 32.30 9.79
Max. (September) (November) (August)
Mean 17.92+1.38 30.33+0.49 6.24+0.67

—— Ukrainian Food Journal. 2017. Volume 6. Issue 2

293




Food Technology

;)
= £ | ==
c c
o 7 [}
= — i |
[T [T
. i .
g s © ]
ﬁ P-4 G
(@] E 7
n
[11] (&)
A
J
J
ﬁ = Viz7z 7
—
T T T
< AN o (<] (1] < N o N
o™ o™ o™ N N N N N -
Do .w._—._“_.N._wQEw._. :.QQV >u._:__Nw

F M
Months

salinity (B), organic matter in

sediment (OM) (C):
52 O0S3

H 51
Ukrainian Food Journal. 2017. Volume 6. Issue 2

Figure 1. Monthly distribution of mean temperature (A),

204



Food Technology ——

Monthly percentages of protein, lipid, carbohydrate, moisture and ash content for all
stations are presented in Figure 2 while the maximum, minimum and mean values are
shown Table 2 at three stations.

Table 2

Maximum, minimum and mean protein, lipid, carbohydrate, moisture and ash values
at S1, S2 and S3

Protein (%) | Lipid (%) | Carbohydrate (%) | Moisture (%) | Ash (%)
30.38+1.41 | 0.57+0.13 8.37 82.2443.92 | 36.40+1.02

Min. | (November) (May) (July) (March) (February)
n 52.48+1.60 | 1.70+0.45 27.19 88.93+0.19 | 43.51+0.42
Max. | (February) | (February) (August) (September) | (November)
Mean | 42.3542.17 | 1.07+0.10 16.53+2.05 85.55+0.61 | 40.05+0.63
30.26+0.23 | 0.50+0.04 6.79 84.04+0.58 | 31.75+0.77

Min. | (November) (July) (May) (January) (February)
% 52.81+0.80 | 1.77+0.42 28.48 85.81+£0.22 | 44.22+0.80
Max. (May) (March) (November) (November) | (September)
Mean | 44.864+2.38 | 0.97+0.09 15.42+2.17 85.04+0.17 | 38.75+1.26
31.70+0.38 | 0.76+0.08 4.2 83.98+0.08 | 32.06+0.96

Min. | (November) (April) (May) (January) (October)
% 56.93+2.89 | 1.42+0.12 31.65 88.09+0.29 | 44.98+0.73
Max. (May) (September) (October) (August) (December)
Mean | 45.60+2.28 | 1.02+0.07 15.1942.33 86.09+0.37 | 38.19+1.22

The correlation analyses were made for all station. The results showed that salinity was
negatively correlated with ash (r=-0.612, p<0.05) for S1. In addition, salinity was
negatively correlated ash (r=-0.727, p<0.01) and OM (r=-0.621, p<0.05) and also
temperature was positively correlated with ash (r=0.690, p<0.01) for S2. Temperature was
negatively correlated with moisture (r=-0.654, p<0.021) for S3. It was found that seasonal
pattern in environmental factors and biochemical parameters. All parameters at three
stations showed insignificant difference (p>0.05) except OM and salinity in Dardanos was
significantly difference (p<0.01).

Environmental variables affect the feeding biology and reproduction and therefore

biochemical variation of marine organisms. Several researchers determined the biochemical
values of sea cucumber in different seas of Turkey and of the world (Table 3).
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Table 3
Biochemical composition of sea cucumbers sampled in Turkish waters and in other regions

Species Moisture Protein Lipid Ash
H. tubulosa [12] 86.74+0.74 8.18+0.04 0.16+0.07 -
H. tubulosa [11] 84.30+0.2 8.82+0.3 0.18+0.05 5.13+£0.6
H. tubulosa [4] -- 44.58+1.01 0.71£0.12 | 46.4340.51
H. polii [29] -- 36.99+0.62 0.55+0.12 | 48.22+1.09
H. parva [10] 67.92+3.81 17.61+0.95 2.43+0.53 32.74+1.17
H. arenicola [10] 69.49+3.09 24.37+1.93 2.88+0.47 10.86+0.40
H. sacbra [28] 87.03 9.94 0.54 1.86
C. frondosa [36] 87.4+0.30 8.34+0.50 0.5040.06 2.97+0.09
H. fuscogilva [35] 11.6 £0.28 57.8+£0.41 0.3+0.01 26.4+0.31
H. fuscopunctata [35] 7.0+£0.14 50.1+£0.38 0.3+£0.01 | 39.6+0.24
P. californicus [26] 4.03+0.19 47.03+0.53 8.19+0.27 | 25.73+0.25
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In the present study, temperature pattern was similar between stations, salinity and OM
values at Dardanos was different than other stations. The higher salinity values at S3 station
were caused by the Mediterranean-derived salty water that enters the strait from Aegean
Sea as an undercurrent and the influence of surface seawater of Marmara Sea [20, 21]. In
addition, the highest mean OM value was observed at Dardanos (p<0.05) which was
affected by accumulation of organic substance depending on excessive different pollution
sources (such as industry and agriculture), human being activity, and heavy ship traffic [22,
23]. In the present study, biochemical pattern was not significantly different among stations
(p>0.05) and generally affected by temperature, feeding rate and reproduction. Ash
negatively correlated to salinity at S1 and S2. The reason of this result might be explained
that salinity fluctuation was interrelated with seasonal temperature that temperature affects
many biological functions of individuals (survival, feeding rate, hibernation, aestivation,
gonadal development, ext.) and biological cycle of the sea (phytoplankton availability,
organic matter in sediment, detritus ext.) [23, 24, 25]. Our study demonstrated the
relationship among biochemical pattern and feeding rate of H. tubulosa and environmental
factors. The chemical composition varied seasonally and was influenced by gonadal
development. Many authors reported same results that nutritional value of sea cucumber
can vary depending on the feeding behavior and seasonal variations [8, 11]. The present
experiment described parallel results with various workers that ash value was high due to
calcareous spicule structure embedded in muscle tissue of the living. Skeletal spicules used
in species determination of H. tubulosa are present as distributed in muscle tissue of the
living [26, 27, 28, 29]. In addition, ash content of organism is influenced by feeding and
depends to the food components, strongly on the origin of the inorganic matter [30, 31].
The feeding rate might be reduced when temperature decreases below 12 °C in all station
and have caused the drop of metabolic rate. The drop of metabolic rate can be attributed to
a drop of the feeding at hibernation time in H. tubulosa which might be entered the
prophase of hibernation. Many authors declared similar results for holothurians that
metabolic rate is directly affected by feeding during hibernation [13, 32, 33]. However, the
data showed that ash pattern of H. tubulosa at S3 was different from S1 and S2 because of
high organic matter content. This may be reason that the predominant bottom structure
consists of fine sand and mud that particle size fractions smaller than 63 pum (silt-clay) at S3
[20] (data is from same project but at different viewpoints).

Dereli et al. [34] found that gonadal development of H. tubulosa started in May, picked
in July and spawn occurred in August in Dardanelles Strait. Carbohydrate started to
increase with temperature increment that could be explained by starting feeding activity in
March and continued to rise independently of gonad formation until September. This result
displayed that glycogen reserves were not used during gametogenic processes.
Carbohydrate was negatively correlated with protein in all stations (p<0.01). Celik et al. [9]
found parallel results. Protein reserves started to decrease from May and varied until
November when minimum value was obtained. This fluctuation might occur by variation of
food availability and reproduction activity. In general, lipid value was minimum in July
when was signed spawning time for H. tubulosa by Dereli et al. [34]. Carbohydrate reserves
were reduced due to being used as energy for lipid synthesis in September. Carbohydrate
and lipid value were generally low (inversely protein content in winter months) [9].

It could be reason that carbohydrate and lipid reserves could be used as an energy
source during periods of lower available nutrition for basic metabolic function. This study
generally demonstrated that protein, lipid, carbohydrate, ash and moisture values varied
depending on food supply and reproduction period and might have been indirectly affected
by environmental conditions.
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Conclusion

The biochemical content of H. tubulosa was mainly affected by food and gonadal

development. Protein is the major energy source used for gonad formation while their
carbohydrate energy reserves could be affected by this metabolic energy requirement at all
stations. These results indicate that protein and carbohydrate reserves were not used for the
same purpose.
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Introduction. The technological properties of the dried meat
semi-finished product (SFP) made by the DMSF-drying (mixed
heat supply) method are studied, on the basis of which the
mathematical dependence of the complex characteristic of the
SMC on the drying temperature and the degree of product
dispersion is difficult.

Materials and methods. The materials of researches were:
beef meat vivarene and dried by convective method, as control,
and dried meat semi-finished product of high degree of
readiness, obtained by the mixed heat-transfer method. Based on
the results of analysis of the spectra obtained by the IR-
spectroscopy method, changes in the chemical composition of
the dried meat semi-finished product and after its reduction are
characterized. The volume and average diameter of the pores of
the dried meat semi-finished product were characterized with
sorption-desorption isotherms obtained by the weight method.

Results and discussion. The researches complex of
technological properties of the dried meat semi-finished product
showed that using the drying method with mixed heat-water
reducers promotes obtaining the product with a lower moisture
content (twices) and improved its ability to restore while
maintaining a high water-holding capacity (compared to the
control, the water-holding capacity is more by 7,2%) and the
coefficient of water absorption (more than 1,3 times). The
production of dried meat semi-finished products by the method
of mixed heat-reduced content of volatile aromatous substances
in comparison with the control is 1.3 times higher.

The analysis of the IR absorption spectra of dried meat semi-
finished product in the region of deformation vibrations of OH
groups indicates that drying with mixed heat and water
conductivities contributes to the formation of a capillary-porous
structure that allows to increase the amount of adsorption-bound
water by 1,5 times, and causes high rehydration and
emulsification properties finished semi-finished product. The
mathematical model of formation of the complex indicator of
technological properties of the dried meat semi-finished product
depending on the drying temperature and the degree of grinding
of the semi-finished product is obtained.

Conclusions. The formation of high technological properties
of the dried meat semi-finished product is established. The
obtained data make it possible to recommend the semi-finished
product as an independent product for a wide range of food
products.
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Introduction

We know that the drying process, due to the realization of which the original properties
of the materials should be kept as much as possible. Therefore, to the formation of
functional and technological properties of the dried raw materials, a drying method with
mixed heat and water (DMSF-drying) was used. This method, as shown in the review of the
literature, is characterized by small economic and raw materials costs, and the final product
is characterized by increased consumer properties compared to products obtained by other
methods close to native raw materials [1-2].

For this drying method, a functional container with mass exchange gaps is used, in
which the raw material is located, is dewatered. At the same time, the main heat flux to the
evaporation zone of moisture flows through the heat exchange wall of the FM under
conditions of a certain flow velocity of the mass exchange gap by the drying agent (steam-
air mixture). The driving force of heat transfer is the process temperature gradient. Heat is
dissipated in the raw material zone, where the maximum intensity of evaporation of
moisture is noted.

The conditions of the DMSF -drying for the preservation of vitamins are due to the low
integral temperature effect on the raw material, the short duration of the process, the
isolation of the raw material from the intensive action of the drying agent and light [1-4].

The above features of the implementation of the method of drying with mixed
telopehydrates have made it necessary and expedient to use it to form the functional and
technological properties of animal raw materials (beef meat) and vegetable (vegetable)
origin.

Thus, dried dried meat is prepared in a high degree of preparedness.

DMSEF is a concentrate of biologically active compounds, natural raw materials, has a
long shelf life, has a pleasant smell, flavor, increases the nutritional and biological value of
the diet, can act as an independent product and additive to some food products [5].

Formulations and technology of a dry mix, which is obtained from meat, vegetables
and thickener, are known. It is reconstituted in water and used in the form of minced meat
for floury culinary products. This mixture is stored for 18 months. In vacuum packing [6—
7]. However, there are various ways to make it using the method of convection drying.

Therefore, the aim of this research was to study the recovery and emulsifying
properties of DMSF for further justification of the valuation and the method of its
introduction in multicomponent food system.

Materials and methods
Materials

Materials of the research in the article were: beef boiled meat and dried by convective
method, as control, and dried meat semi-finished product of high degree of readiness,
obtained by the mixed heat-transfer method, as a prototype. To compare the properties and
composition of powders, the IR spectroscopy method is used where the IR spectra give a
chemical composition by the number and position of peaks in the reflection (or absorption)
spectra, indicating the nature of the substance, that is, a qualitative analysis is carried out,
and the intensity of the bands is about Amount of substance, that is, quantitative analysis.
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Methods

IR absorption spectra were recorded for the grinded powdered samples, the optical
element is a diamond, the angle of the incident beam 6=45°. Range 4000-400 m "', number
of scans — 128, a resolution of 0.04 m. The background was recorded relative to the optical
element without the sample.

The penetration depth of the infrared radiation into the sample (d,) as a function of the
radiation wavelength (1) was calculated from the formula:

A

2
sin’ @ —[nSJ ]
no

where n,— refractive index by sample; n, — by optical element [8, 9].

The removal of the vapor adsorption isotherms of dried objects was carried out by the
gravimetric method in a vacuum plant with spring quartz scales Mack-Ben [10—17]. The
isotherms were represented graphically:

d =

e

27,

a=f(P/Ps),
where a — value of adsorption in mm/g,
P/ Ps —relative vapor pressure of adsorbent.

On the basis of experimental isotherms of
adsorption-desorption were calculated specific surface of

the sample S, the maximum sorption pore volume Vs 6
average pore diameter D. , 7
The value of the specific surface of the samples was -[ﬁf]:'
calculated from the isotherms of vapor adsorption by the 2
method of multi-molecular theory of adsorption of //10
vapors of Brunauer, Emmett and Teller (BET method). -3
The water absorption coefficient (CV) of the
samples was determined using a Dogadkin device 4
(Figure 1) [18], which consists of a funnel 1 connected - ’5
by the principle of communicating vessels with a —T
graduated tube 2. The connecting path is an extension 3, @
which is a receiver for replenishing the liquid. In the

lower part, the connecting tube has a branch 4 with a
rubber tube and a clip 5. The tap serves to start water Figure 1. Installation of
from the system at the end of work. Dogadkin
The graduated tube has a right angled bend 6 from
the rubber tube and the clamp 7. The funnel is covered with a lid 8 with a hook on which
the wire mesh 9 is suspended, into which the sample of the research material is placed. If
the phone is not calibrated and there is a scale on the instrument board with millimeter
paper, the linear scale of the tube may not correspond to the volume amount of water in it.
In this case, the device must be pre-graduated and indicate the conversion factor on
which the linear scale should be multiplied in order to obtain volumetric values.
Graduations of the device are carried out in the following way: in a device installed on
a flat surface, water is poured to the bottom of the scale, burettes with water are placed
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above the funnel of the instrument, from which 0,005 liters of water are added to the device
and the level of water in the tubes is marked on the scale of the device in parallel.

The obtained values are recorded. Water from the burette is added until it rises to the
upper division of the scale. Then, the water from the device is poured out through the tap 4
and the calibration is repeated. Of the three calibration measurements, an average value is
output, which sets the scale division price and the conversion factor.

The water binding capacity (WBC) of the samples was determined by the pressing
method. A crushed sample of 0,003 kg was weighed on a torsion balance on a polyethylene
plate 0,015-0,020 m in diameter. The sample was transferred to a filter placed on a glass
plate so that the sample was under a polyethylene mug. On top, the sample was covered
with the same plate and a weight of 1 kg was placed and held for 10-60 s. After this, the
filter with a sample was released from the load and the upper plate and a contour of the spot
around the compressed sample was applied to the filter with a pencil. The outer contour is
visible when the filter paper is drying in air.

With the aid of a planimeter, the spot area of 0,01 m?, determined by the reconstituted
sample and moisture, which was absorbed into the filter paper, was determined. The size of
the wet spot was expressed as the difference between the area of the wet spot and the area
of the spot formed by the sample.

It was experimentally established that 0,01 m” of the area contains 0.0084 kg of water.
The composition of the bound moisture (in % to the sample) was determined by the formula
[19].

(M -84)-8

m

X 100, %
where X — bound moisture content, %;

M — moisture content in the sample, 10~ kg;

S — wet spot area, 0,01 m%;

m — batch weight, 10~ kg.

In the study of the water-retaining capacity (WRC) of powders, a weight method was
used. To do this, a sample of the powder was added to the centrifuge tube and water was
added in a ratio of 1:20. The mixture was stirred and allowed to swell at 313 °K (40 °C) for
2:60% s. After that, centrifugation was performed for 15-60 s at a speed of 5000 s”'. The
formed liquid over the precipitate was drained, having previously determined the content of
solids by means of a refractometer. The mass of the wet residue remaining determined by
weighing the WRC was determined by the formula:

M
B=— %100, %
M, x(100-c)

where B — WRC of product, %;
M, —a wet cake after centrifugation, 10~ kg;
M, — dry weight, 10~ kg;
o — correction factor, taking into account the content of dry matter in the
supernatant, %, determined by the formula:
o (6—M,)x px100
cxM,
where 6 — the amount of water that was taken to prepare the suspension, 10~ kg;
¢ —mass fraction of solids in powder, %;
p — content of dry matter in the supernatant, % [20].

b
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A 0,002 kg sample was placed in a porcelain mortar to determine the grease-resisting
capacity (WRC) [21], to which 0,0025 kg (0,01 m®) of fine calcined sand and 0,006 kg
(0,043 m®) a-monobromonaphthalene were added. The contents of the mortar were
carefully triturated for 4-60 s and then filtered through a folded paper filter.

The test solution (3—4 drops) was uniformly applied with a glass rod on the lower
prism of the refractometer. The prisms were closed and fastened with a screw. A ray of
light was directed with a mirror on the prism of the refractometer, setting the telescope so
that the intersecting threads (Aliados) were clearly visible. The aliados were moved until
the boundary between the illuminated and dark parts coincided with the point of
intersection of the filaments, after which the refractive index was deducted.

The WRC was determined by the formula:

WRC = 51100, %
&>

where g; — mass fraction of fat in the sample after heat treatment, %;
g>— mass fraction of fat in the sample for heat treatment, %.
The mass fraction of fat in the sample was determined from formula:

=(104-01-(111—nz)-ml’%
m

where a — the coefficient characterizing such a fat content in the solvent, which changes the
refractive index by 0.0001%;

n; and n, — refractive indices of the respectively pure solvent and test solution;

m, — mass of 0,043 m® of a-monobromonaphthalene, 107 kg;

m — weight of the brave, 10~ kg.

The emulsifying capacity (EC) of the samples was determined from the phase
inversion point according to the method of Gurov O. [22]. For this, 0,01 liters of a
suspension was placed in a 0,1 liter beaker, then oil was introduced with a divisible burette
at a rate of (70-80)-60 drops/60 s before the moment of inversion of the phases, that is, the
transition of the oil / water emulsion into the water / oil emulsion. The type of emulsion
was determined by dilution method. The volume of oil that is used from the burette
corresponds to the value of the phase inversion point.

Aggregative stability (AS) of the emulsion was determined by fixing the volume of oil
separated after centrifugation at a rotation speed of 1500-60™" s for 5-60 s. Then this tube
was placed on a water bath for 3-60 s and again centrifuged for 5-60 s. The value of AS was
determined as the ratio of the volume of oil remaining in the emulsion to the total volume
of oil in the emulsion

s =5V oo

1
where AS — aggregative stability of emulsion, %;
¥, — volume of fat phase in emulsion, 107 I;
¥, — volume of fat phase, separated, 10~ 1[20].
The content of soluble and water-soluble proteins in the DMSF was determined by
conventional methods [23].
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The two-factor experiment was used to construct the mathematical model for the
formation of a complex indicator of the technological properties of a dried meat semi-
finished product, depending on the drying temperature and the degree of refinement of the
semi-finished product. At the same time, the variation of the indices was within the range of
temperatures from 50 (-1) to 90 (+1) °C and particle sizes from 35-10° (-1) to 55-10°
(+1) m [24].

Results and discussion

Drying is the optimal method of producing shelf stable products while preserving their
original quality without using preservatives or additives, because today, in the foreground,
is the degree of naturalness and nutritional value of food products.

For the formation of technological properties of raw meat was used drying, as shown in
the literature review, it is characterized by a small economic and commodity costs, and the
final product is characterized by improved consumer properties compared to products
obtained in other ways, similar to the native raw materials [1-2]. For this purpose beef
previously boiled steamed, crushed, minced and dried by a new method. As a control
sample in the studies selected boiled meat convection drying.

While drying, the nutritional value of meat from the point of view of the content of
vitamins, irreplaceable amino acids is virtually unchanged in that time, as the
physicochemical properties of muscular tissue in varying degrees, can affect the quality of
the dried product.

Results of the research confirm that the majority of meat proteins are water soluble
(moialbumin, myoglobin, globulin — 8,5 % in meat of dried mixed method of draining
drying and 5,8 % in the convective drying of meat) and salt- soluble (actin, myosin and
actomyosin — 51,2 and 45,6 %, respectively) — Table 1.

Table 1
Indicators of meat quality convective and dried mixed method of draining

Sample of the meat
Exponent Convective drying Dried mixed
method of
control . . .
draining drying
Final moisture content, % 14,0+0,5 7,0+0,5
Fat content,% 3,3+£1,0 3,3+1,2
CD, per unit value 2,7+0,2 3,4+0,1
WHC, % 46,1+0,4 53,340,5
Duration of the recovery in the water - 60 40+5 30£5
Content of water-soluble protein, % Br 6,8+0,3 7,5+0,5
Contents salt-soluble protein, % Br 47,6+0,5 51,2+1,5
Contents of extractives, % 1,10+0,05 1,30+0,05
Number of flavor, units 14,0+0,5 18,0+0,5
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As shown from Table 1, the meat dried mixed method of draining drying and the
convective drying values are 1,3 times higher than in controls, which correlates with the
index of water-holding capacity samples (50,2 % and 45,1 % in the form of meat for the
water temperature (48+2) °C. With and 46.1 and 53,3% in a divided state, respectively).
The duration of the recovery control samples for 10 - 60 more and is 40-60 sec.

The number of flavor of meat dried mixed method of draining drying (18 units) is
directly proportional with the content of extractives, which indicates the maximum
preservation of aroma of boiled meat in comparison with the sample of convective drying,
where the loss of volatile substances fragrant occurred to a greater extent.

The obtained data correlate with the results of studies on the use of IR spectra with the
FTIR transformation using a spectrometer Nicolet Nexus 470.

In Figure 2 presents IR absorption spectra of boiled meat, meat dried mixed method of
draining drying of native and restored to moisture boiled.
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Figure 2. Infrared absorption spectra of meat:
1 — boiled the main method of control;
2 — dried mixed method of draining drying;
3 — dried mixed method of draining drying, restored to a moisture content of boiled.

IR spectra of the control (boiled meat) and test samples of meat, dried and restored in
the frequency range from 3000-3600 cm ™', characteristic for stretching vibrations of
functional groups — OH is involved in the formation of intramolecular and intermolecular
hydrogen bonding of free and bound moisture, sugars and biopolymers, etc., indicate the
increasing intensity of the spectra, and, consequently, the formation of additional hydrogen
bonds in the meat dried mixed method of draining drying the recovered in comparison with
the control.

Shown that in the frequency range 2900-2000 cm ', characteristic for stretching
vibrations of NH,- and NH-group, boiled meat and the meat recovered is observed the same
intensity of absorption spectra.
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In the area of deformation vibrations -OH groups is the intensity of the absorption
bands 1648.2 cm™' in meat dried mixed method of draining drying the recovered 2.4 times
more compared to the corresponding band in the control sample. The results indicate that
dried mixed method of draining drying promotes to maximize the preservation of the
original quality of the raw materials, the formation of capillary-porous structure, which
allows to increase the number of bound water adsorption in 1,5 times more.

In the area of 1743 cm ', characteristic for stretching vibrations of C=0 groups
indicate the presence proxies , ketones and conjugated acyclic anhydrides in the product.
There is an insignificant intensity of the absorption spectra of boiled beef and dried meat
restored. This suggests that lipid peroxidation products do not formed during dried mixed
method of draining drying.

Thus, dried mixed method of draining drying allows obtaining products with maximum
preservation of nutritional and biological value in comparison with other drying methods
that approximate products sublimation method.

For studies of porosity structure used a vacuum Mack-Ben — Figure 3 and Table 2.
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Figure 2. Adsorption isotherms of water vaporization (a, c)
and the distribution of pores with radii (b, d), DMS
1 — sorption; 2 — desorption
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Table 2
Structural characteristics of DMSF that were filmed in water vapor
Value in the test samples
Exponent Convective Dried mixed method of
drying control draining drying
Activation energy of water, kJ/mol 0,10 0,46
Structural characteristics:
Specific surface of the sample S, m”/g 196 171
Standard Error of calculation of the 0.95 0.91
surface R
Sorption pore volume, Vs, cm3/g 0,79 0,66
Pore diameter, D, 10™°, m 189 154

As can be seen from Figure 3, the curve of sorption—desorption of DMSF below the
curve of sorption—desorption control sample, indicating a smaller pore volume of the
prototype. Moreover, the nature of the hysteresis loop in the control sample is first
narrowed, and further observed its expansion, evidence of slow restoration of the structure
of the sample in the liquid.

Loop is characterized by early expansion—contraction—expansion, allowing you to
absorb and retain moisture to a greater degree than the control.

Structural characteristics of samples (tab. 2) show that the volume of pores in DMSF is
Vs=0.66 cm’/g, while sample convective drying indicator value equal to Vs=0.79 cm?/g.
This is also evidenced by the distribution curve of the pore radius where the curve
distribution in a sample of DMSF below the curve of the sample of meat of convective
drying, which indicates a greater number of pores (area under curve).

Thus, studies of capillary-porous structure of DMSF, obtained the dried mixed method
of draining drying indicate a preference for the current porosity in comparison with meat
convection drying.

For implementation concept of work on formation rehabilitation and emulsifying
properties conducted complex researches: water absorption coefficient (WAC, units);
water-holding capacity (WHC, %); emulsifying capacity (EC, %); aggregate stability (AS,
%); the number of flavor (NF) depending on the drying temperature and the degree of
grinding dried mixed method of draining drying raw meat.

The absolute values of the specified technological properties were converted using the
scale of Harrington in relative units. With mathematical processing of the results obtained
by a conceptual mathematical model of the complex index of technological properties of
DMSF. The surface response of this index to the temperature Figure 4.
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Figure 4. The surface response of a complex indicator of the technological properties of the
temperature dried mixed method of draining drying and grinding degree of DMSF

A mathematical model of the formation of a complex indicator of technological

properties of DMSF:

Y=10,035626 + 0,0027608x; — 0,001494x, — 0,000223x;, — 0,000003x,, + 0,000002x x

The presented equation is adequate for DMSF at the temperature within the range of
50-90 °C and the particle dispersion is 35-85-107.
Based on these data, formulated the potential of technological properties of the DMSF
for use in technology of culinary products — Table 3.

Table 3
The potential of functional and technological properties DMSF for use in technology of culinary
products
Technologlcal Functional properties The range of culinary
properties products
First and second courses
The minced particle Flour culinary products

size (5-6)-10° m

Powder with a particle
size of (90-200)-10° m

(60-90)-10° m

(30-60)-10° m

Uniformity of mixing of dry bulk
materials, water-holding ability fat-
holding ability, aggregate stability

from meat and meat-
vegetable stuffing

Chopped products,
puddings

Baked dishes (dumplings)

Sauces, snacks, soufflé

Recovery

Water-binding ability

Toppings, stuffing for
baked food products

The flavor of cooked
meat

The number of flavor

Aromatic additive
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Conclusions

It was shown minor changes in the chemical composition of the semi-finished
product in comparison with the control sample by IR spectroscopy.

It was studied the porosity structure of DMSF. Proved that during the traditional
convective drying there is a significant narrowing of the capillaries, due to shrinkage,
while the dried product dried mixed method of draining drying has a porous
structure, which causes to its high rehydration and emulsifying properties.

Complex research of technological properties of DMSF on which was found the
mathematical dependence of the complex index depending on temperature dried
mixed method of draining drying and degree of dispersion.

Acknowledgements. The work was carried out as part of the state
budget research topic «Identification, assessment of quality and safety of
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Introduction. The aim of this work is to identification of
equilibrium state of hydroxyl proton of ethanol and water in
vodkas, using "H NMR spectroscopy.

Materials and methods. Aqueous-alcoholic mixtures (AAM,
vodkas) was prepared by volumetric method. NMR spectra was
obtained according to the manuals of FT-NMR Bruker Avance II
(400 MHz) spectrometer and Bruker TopSpin. As an external
standard for deuterium stabilisation and chemical shifts
determination was used a deuteroacetone in special form glass
capillare inserted in NMR tube.

Results and discussion. Experimentally determined elements
thermodynamic equlllbrlum of hydroxyl proton of ethanol and
water in vodkas, using 'H NMR spectroscopy. In this work, we
identified three groups of samples with equilibrium of hydroxyl
protons of water and ethanol: steady; transitional; unsteady
equilibrium.

Steady equilibrium is characterized by a presence in hydroxyl
group combined unitary signal of EtOH+H,0. The component of
protons of EtOH+H,O in each sample presented as singlet (s),
located in a «weak field» with a chemical shift, which is in a range
Oron+r0=4,75-4,80 ppm. Waveform of EtOH+H,O protons — is
distorted Gaussian curve, with a broadened base and a slight
asymmetry of apex, which is offset from the center line.

It was found that the transitional equilibrium characterized by
a presence of hydroxyl groups two separate signals of EtOH
(Oror=5,34 ppm) and H,O (01=4,75 ppm). The difference
between the chemical shifts of hydroxyl protons of ethanol (EtOH)
and proton of water (H,0) in each sample is Af,=236 Hz.
Transitional equilibrium is characterized by the presence of
hydroxyl proton, which is barely noticeable, which characterizes
the transition from steady equilibrium to unsteady equilibrium.
This may indicate that certain prerequisites have not yet been
created to establish equilibrium structure (unsteady/steady
equilibrium).

Unsteady equilibrium characterized by a presence of hydroxyl
groups two separate signals of ethanol (EtOH) (0g0r=5,34 ppm),
which is obvious and H,0 (0;0~4,72-4,75 ppm). The difference
between EtOH and H,O — Af,=248 Hz.

Conclusion. The conducted researches set a fundamental
difference of behav1or of hydroxyl proton of ethanol and water in
vodkas, using 'H NMR spectroscopy. Istablished criteriums of the
systems equilibrium allow to improve the technological process of
vodka on distillery enterprises, to stabilize quality of finished
product.
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Introduction

Nowadays NMR spectroscopy has worthily gained popularity among physical methods of
research in different fields of science, i.e. medicine, biology, physics, chemistry, in agriculture
and industry as well. It is difficult to overestimate the role of NMR in food industry, in the study
of complex systems from the simplest organic molecules to the most complex molecular
compounds (Oliveira LS. et al, 2007, Minoja, Napoli, 2014; Singh, Bliimich, 2016; Hore, 2017)
[1-4]. The most wide-spread is NMR spectroscopy on nuclei of hydrogen isotope 'H ('H-
protons). They account for 90% of all the studied NMR spectra (Jeffrey H. Simpson, 2008;
Terence N. Mitchell, Burkhard Costisella, 2007; Siegfried Stapf, Song-I Han, 2006) [5-7].

NMR spectroscopy principle of operation is based on the usage of magnetic properties of
some atomic nuclei, being able to resonate at characteristic frequencies of electromagnetic
spectrum in external magnetic field and, that allows to identify nuclei in different chemical
environment (Oliveira 1.S. et al, 2007; Jeffrey H. Simpson, 2008; Siegfiied Stapf, Song-I Han,
2006) [1, 5, 7].

Bloch F. obtained 'H NMR spectra with “low-resolution” of H,O for the first time in 1946
(Bloch et al. 1946) [8], and in 1951 Arnold J.T. for the first time obtained 'H NMR spectra with
“high-resolution” of ethanol C,H;0H (Arnold et al. 1951) [9]. Up to now, many scientists
(Oliveira 1.S. et al, 2007; Jeffrey H. Simpson, 2008; Bing Yan, 2004; Edwin D. Becker, 2002;
Edwin D. Becker et al, 2002; Gerard J. Martin, Maryvonne L. Martin, 2002; S.A. Richards, J.C.
Hollerton, 2011; Jacob Bart, 2009; Cherif Ibrahima Khalil Diop et al, 2012; Bao Qiong Li et al,
2017; N.R. Sucupira et al, 2017) [1, 5, 10, 11-18] bring ethanol NMR spectrums as the simplest
and best understood from the analytical point of view of the substance.

At the same time NMR spectroscopy exhibits variations in characteristics of ethanol such as
chemical shift, spin-spin interactions and the effect of chemical exchange (Oliveira LS. et al,
2007; Edwin D. Becker, 2002; Gerard J. Martin, Maryvonne L. Martin, 2002; S.A. Richards,
J.C. Hollerton, 2011) [1, 11, 13, 14] in solutions.

Vodka is a simple physico-chemical system: mixture of ethanol and water. But every brand
has some observable differences on the molecular level and as to the taste perception. Studies
conducted by Hu N. and others in the work (Hu et al, 2010) [19] prove that these differences are
significant either on the stage of AAM making or in the final product — commercial vodka. The
main differences are connected with hydrogen bonds (with their strength) that is proved by
different research methods, for example by ‘H NMR spectroscopy, FTIR spectroscopy, Raman
spectroscopy. The results of the ‘H NMR and FTIR spectroscopy researches show that in water
there are hydrates with the structure of EtOH*(5,3+0,1)H,0, that are observed either in AAM or
in vodka. Authors (Hu et al, 2010) [19] connect hydrate proportion EtOH*(5,340,1)H20 and its
influence on the following organoleptic indicators of vodka.

In the work by Nose A. and others (Nose et al, 2005) [20] the influence of admixtures such
as salts, acids and phenols on the strengthening of hydrogen bonds in AAM and in finished
products as well, in this case sake, is studied. In the work (Hu et al, 2010) [19] it is set that
admixture bonds influence on molecular dynamics in the process of ethanol hydration.

In the work (Hu et al, 2010) [19] the notion “‘structurability” had introduced, that is “ability
to structuring”, a parameter that determines the ability of vodka (or in a wide sence the alcoholic
products) to order molecules of water in its structure.

In the work (Hu et al, 2010) [19] great attention is given to 'H NMR spectra of the OH
proton of water and alcohol. Protons of water in all the samples was found as a narrow signal
with the chemical shift on about 5 ppm. Spectra also showed that in some samples there appears
the second widened peak of the OH signal that is on the 5,5 ppm. That low-field peak is the
signal of OH-ethanol that separated from the conditionally high-field signals of OH-water.

—— Ukrainian Food Journal. 2017. Volume 6. Issue 2

315



Food Technology ——

Presence of the separate OH-ethanol signal in the samples (according to the opinion of the
authors (Hu et al, 2010) [19]) points out weak hydrogen bonds of ethanol.

The preliminary conducted 'H NMR studies, which are described in a work (Kuzmin O. et
al, 2013-2014) [21-24], relate to the study of hydroxyl protons of AAM modifications in the
process of making vodkas. The obtained results give grounds to assert a fundamental difference
in the behavior AAM prepared from the alcohol and water passing through various processes.
During the study we have determined the systems of unsteady and steady balance depending on
the transformation of hydroxyl proton’s of ethanol and water. Systems with unsteady balance
typical for AAM used with ethanol and drinking water, with a tasting score — 9,43 points. This
also includes the AAM made from ethanol and demineralized by the reverse osmosis water,
with a tasting score — 9,30 points. Systems with a steady balance that are typical for AAM made
of ethanol and water softened by Na-cationization, with tasting score — 9,49 points were defined.

Thus, in the work (Kuzmin O. et al, 2013-2014) [21-24] was established experimental
evidence of stationary nature / (non- stationary) of thermodynamic balance, taking into account
the organoleptic characteristics of AAM in dependence on water treatment method and time of
system’s functioning. However, the questions related to internal mechanism’s specification and
the rate of establishment of thermodynamic balance depending on type of water used in the
process of creating the AAM are remain unsolved.

The aim of this work is to identification of equilibrium state of hydroxyl proton of ethanol
and water in vodkas, using ' NMR spectroscopy.

Materials and methods

"H NMR analysis of AAM was conducted with the usage of:

— FT-NMR Bruker Avance II spectrometer (400 MHz) equipped with 5—mm broadband
inverse Z-gradient probe; thermostatic system (+25°C ... +100°C). The measurement error
of the chemical shifts for 'H is =+ 0,005 ppm;

— Specially shaped capillary with acetone-dg (CD3),CO (atomic fraction of deuterium —
99,88 %; moisture content — 0,018%; bp=156,3 °C, mp=-94 °C; chemical shift of the
residual proton 'H 6=2,75 ppm);

— High accuracy ampoules Ne507-HP for high resolution NMR’s spectroscopy (400
MHz);

— Volumetric pipette;

— Dispenser;

— Sample of vodkas, flavored vodkas and moonshine, produced in Ukraine were used
as experimental material for 'H NMR spectroscopy.

Experimental studies of 'H NMR were carried out in the following order:

— Preparation of samples to research;

— Recording of 'H NMR spectrum;

— Conclusion and interpretation of work results.

Work methodology (Kuzmin et al, 2013-2014) [21-24]:

— 0,3 ml of vodka prepared with a volumetric pipette with a predetermined strength
(40,0 £ 0,2)% vol. External standard separated from the testing substance which is required
for deuterium stabilization system of spectrometer (deuterium solvent acetone-dy) is added
into an ampoule in a special form capillary. The obvious advantage of using the external
standard is the fact that standard substance’s molecules and test’s solution do not interact
with each other;

— '"H NMR spectra records and data processing were performed according to the
instruction of F7-NMR Bruker Avance II spectrometer (400 MHz).
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Results and discussions

The 31 sample of vodkas, produced in Ukraine were used as experimental material for 'H
NMR spectroscopy. These samples were divided into 3 groups with steady equilibrium,
transitional and unsteady equilibrium of protons hydroxyl group. Figure 1-31 shows proton
spectra of vodkas for the following groups of protons: CH;; CH,; H,O; EtOH. Where Af; — is
deviation between proton’s hydroxyl group of ethanol (EtOH) and water (H,0), Hz; Af, — is
deviation between proton’s hydroxyl group of water (H,0) and a methylene group of protons of
ethanol (CH,), Hz; Af; — is deviation between ethanol’s methylene group of protons (CH,) and
ethanol’s methyl group of protons (CHj3), Hz.

The group of vodkas with steady equilibrium. This group has included 12 samples of
vodkas (Figures 1-12). The selected samples of vodkas with a steady equilibrium characterized by
a unitary signal of hydroxyl group (EtOH+H,0). The component of protons of EtOH+H,0 in
each sample presented as singlet (s), located in a weak field with a chemical shift in a range
Oron+H20-4,75-4,80 ppm. Waveform of EtOH~+H,O protons — is distorted Gaussian curve, with a
broadened base and a slight asymmetry of apex, which is offset from the center line.

Af, Af;

A AL
'S ™

—_——_—_‘:Ea-——————-————-\

Spomtdmo | | }’ dcm> | Scms

6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 05 ppm
Figure 1. 'H NMR spectra of proton groups of vodka (sample Nel): CH;; CH,; EtOH+H,0

Analysis of 'H NMR spectra of methyl group's protons CH; in vodkas allows to state the
following: methyl group of protons in each sample is located in a strong field and represented as
a triplet () with a relative intensity (1:2:1). The average value of the chemical shift of the methyl
group for the 12 samples is within d¢y3=1,07—1,09 ppm. The distance between each components
of the triplet (spin-spin coupling constant) is 8 Hz.
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Figure 2. 'H NMR spectra of proton groups of vodka (sample Ne2)
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Figure 3. 'H NMR spectra of proton groups of vodka (sample Ne3)
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Figure 4. 'H NMR spectra of proton groups of vodka (sample Ne4)
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Figure 5. 'H NMR spectra of proton groups of vodka (sample NeS)
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Figure 6. 'H NMR spectra of proton groups of vodka (sample Ne6)
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Figure 7. 'H NMR spectra of proton groups of vodka (sample Ne7)
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Figure 8. 'H NMR spectra of proton groups of vodka (sample Ne8)
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Figure 9. 'H NMR spectra of proton groups of vodka (sample Ne9)
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Figure 10. 'H NMR spectra of proton groups of vodka (sample Ne10)
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Figure 11. 'H NMR spectra of proton groups of vodka (sample Nell)
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Figure 12. 'H NMR spectra of proton groups of vodka (sample Nel2)

The analysis of 'H NMR spectra of methylene group's protons CH, indicates that the
group is represented as a quartet (¢) with intensity (1:3:3:1), with an average value of the
chemical shift d¢4>=3,52-3,54 ppm. Most of the components of the methylene group
have an average value of the chemical shift d¢;,=3,53 ppm. The distance between each
peak of quartet is also 8 Hz. The difference between chemical shifts of protons of
methylene group of ethanol (CH,) and hydroxyl group EtOH+H,0 — 45,=1,23—-1,27 ppm.
The difference between chemical shifts of protons of methylene group of ethanol (CH)
and methyl group of ethanol (CH;) in each sample is 40;=2,45 ppm, which specifies on
stability of chemical shifts between these groups, and strong links between methyl (CHj)
and methylene (CH,) groups.

The group of vodkas with transitional equilibrium. This group has included 11
samples of vodkas (Fig. 13-23). The samples of vodkas with the transitional equilibrium as
well as samples with unsteady equilibrium are characterized by the absence of unitary signal
(EtOH+H,0) therefor protons of hydroxyl group is presented by two separate picks of H,O
and EtOH. Signal of hydroxyl protons of ethanol (EtOH) in each sample is represented as a
separate subtle signal of a rounded shape located in a weak field with a chemical shift
Oror=5,34 ppm. Component of proton of water (H,0) in each sample is represented as a
singlet with a chemical shift d;,0=4,75 ppm. Waveform of H,O signals is distorted Gaussian
curve, with a broadened base and a slight asymmetry of apex, which is offset from the
centerline. The difference between the chemical shifts of hydroxyl protons of ethanol (EtOH)
and proton of water (H>0) in each sample is about 46,=0,59 ppm (4f,=236 Hz). This may
indicate that certain prerequisites are created to establish equilibrium structure
(unsteady/steady equilibrium).
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Figure 14. 'H NMR spectra of proton groups of vodka (sample Nel14)
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Figure 15. 'H NMR spectra of proton groups of vodka (sample Nel5)
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Figure 16. 'H NMR spectra of proton groups of vodka (sample Nel16)
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Figure 17. 'H NMR spectra of proton groups of vodka (sample Nel7)
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Figure 18. 'H NMR spectra of proton groups of vodka (sample Nel8)
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Figure 19. 'H NMR spectra of proton groups of vodka (sample Ne19)
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Figure 20. 'H NMR spectra of proton groups of vodka (sample Ne20)
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Figure 21. 'H NMR spectra of proton groups of vodka (sample Ne21)
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Figure 22. 'H NMR spectra of proton groups of vodka (sample Ne22)
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Figure 23. 'H NMR spectra of proton groups of vodka (sample Ne23)

Methyl group of protons (CHj;) in each sample is located in a strong field and represented
as a triplet (#) with a relative intensity of (1:2:1). The average value of chemical shift is
5CH3—1 08 ppm. The distance between each peak of quartet is 8 Hz.

"H NMR spectra of proton’s methylene group (CH.). The group is represented as a quartet
(¢g) with intensity ratio of (1:3:3:1) and average value of chemical shift of d4,=3,53 ppm. The
distance between each peak of quartet is 8 Hz. The difference between the chemical shifts of
ethanol’s protons of methylene group (CH>) and hydroxyl group of water (H,0) in each
sample is 46,=1,22 ppm (4f,=488 Hz). The difference between the chemical shifts of
ethanol’s protons of methylene group (CH;) and methyl group of ethanol (CH;) in each
sample is 40;=2,45 ppm (4 ;=980 Hz).

The group of vodkas with unsteady equilibrium. This group has included 8 samples.
Figure 24-31 shows one-dimensional proton spectra of vodkas for the following groups of
protons: CH;; CH,; H,O; EtOH.

The selected samples of vodkas with unsteady equilibrium characterized by the absence
of single signal (EtOH+H,0), therefor hydroxyl group of protons is represented by two
separate peaks of ethanol (EtOH) and water (H,0). The signal of ethanols hydroxyl protons
(EtOH) in each sample is represented as a single broad singlet (s) with a rounded shape,

located in a weak field with a chemical shift dgop=5,34 ppm. The signal of water proton
(H,0) in each sample presented as singlet (s) with a chemical shift d,,0=4,72 ppm.

Waveform of H,O protons — is distorted Gaussian curve, with a broadened base and a
slight asymmetry of apex, which is offset from the centerline. The difference between
hydroxyl protons of ethanol (EtOH) and water (H,0) in each sample is 40,=0,62 ppm
(4f,=248 Hz). This may indicate that conditions for the formation of water structure with
hydroxyl proton of alcohol were not yet set, therefor we can state that thermodynamic
equilibrium didn’t appear in any of the samples.
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Figure 24. 'H NMR spectra of proton groups of vodka (sample Ne24): CH;; CH,; H,0; EtOH
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Figure 25. 'H NMR spectra of proton groups of vodka (sample Ne25)
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Figure 27. 'H NMR spectra of proton groups of vodka (sample Ne27)
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Figure 26. 'H NMR spectra of proton groups of vodka (sample Ne26)
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Figure 28. 'H NMR spectra of proton groups of vodka (sample Ne28)

I |
| 1
1,4/ \—/ p‘/’ II\-M\._A; k/ \

\ T \ T \ T \ T \ T \ T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

Figure 29. 'H NMR spectra of proton groups of vodka (sample Ne29)
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Figure 30. 'H NMR spectra of proton groups of vodka (sample Ne30)
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Figure 31. 'H NMR spectra of proton groups of vodka (sample Ne31)
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Analysis of ’H NMR spectra of methyl group’s protons CH; in vodkas allows to state the
following: methyl group of protons in each sample is located in a strong field and represented
as a triplet () with a relative intensity (1:2:1). Based on spin-spin interaction of groups of
protons, the methyl group’s signals (CH;) must be split by neighboring protons of the
methylene group (CH,) into a triplet (f), in accordance with Pascal's triangle with intensity
ratio of (1:2:1). Thus, methyl group of protons (CHj;) is located in a strong field with an
average value of chemical shift ¢4;=1,08 ppm. The distance between each peak of quartet is
8 Hz.

The analysis of ‘H NMR spectra of methylene group’s protons CH, indicates that the
group is represented as a quartet (¢) with intensity (1:3:3:1). This is confirmed by the spin-
spin interaction of protons of methyl (CH;) group. This group has to split signal of the
methylene group (CH,) into four components and form a quartet (¢) with intensity ratio of
1:3:3:1. In turn, the protons of hydroxyl (OH) groups should split every component of
methylene (CH,) group’s quartet into two components and form a double quartet. The
absence of observable spin-spin interaction between hydroxyl (OH) and methylene (CH,)
groups should make signal of methylene (CH>) group a quartet. At the same time methylene
group of protons (CH,) is located in a weak field, with an average value of chemical shift
Ocn=3,53 ppm. The distance between each peak of quartet is 8 Hz. The difference between
chemical shifts of protons of methylene group of ethanol (CH>) and hydroxyl group of water
(H>0) in each sample is 46,=1,19 ppm (4 f,=476 Hz). The difference between chemical shifts
of protons of methylene group of ethanol (CH,) and methyl group of ethanol (CH;) in each
sample is 40;=2,45 ppm (4 ;=980 Hz).

Conclusions

We will draw conclusions on establishing of equilibrium hydroxyl proton of ethanol
and water in vodka by 'H NMR spectroscopy. We identified three groups of samples based
on the equilibrium of the hydroxyl groups of protons of ethanol (EtOH) and water (H,0):
steady; transitional; unsteady.

Steady equilibrium is characterized by a presence in hydroxyl group combined unitary
signal of EtOH+H,0. The component of protons of EtOH+H,0 in each sample presented as
singlet (s), located in a «weak field» with a chemical shift, which is in a range
Oron+120=4,75—4,80 ppm. Waveform of EtOH+H,O protons — is distorted Gaussian curve,
with a broadened base and a slight asymmetry of apex, which is offset from the centerline.

Transitional equilibrium characterized by a presence of hydroxyl groups two separate
signals of EtOH (dg01=5,34 ppm) and H>O (dx0=4,75 ppm). The difference between the
chemical shifts of hydroxyl protons of ethanol (EtOH) and proton of water (H,0) in each
sample is 46,=0,59 ppm (4f;=236 Hz). Transitional equilibrium is characterized by the
presence of hydroxyl proton, which is barely noticeable, which characterizes the transition
from steady equilibrium to unsteady equilibrium. This may indicate that certain prerequisites
have not yet been created to establish equilibrium structure (unsteady/steady equilibrium).

Unsteady equilibrium characterized by a presence of hydroxyl groups two separate
signals of ethanol (EtOH) (0gor=5,34 ppm), which is obvious and H;O (9y,0=4,72—4,75
ppm). The difference between EtOH and H,0 — 46,=0,62 ppm (4 f,=248 Hz).

The conducted researches set a fundamental difference of behavior of hydroxyl proton
of ethanol and water in vodkas, using 'H NMR spectroscopy. Istablished criteriums of the
systems equilibrium allow to improve the technological process of vodka on distillery enterprises,
to stabilize quality of finished product.
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Introduction. One of the limitations of chemical absorbents as a
simple and effective method for removal the contamination due to
surface absorption mechanism was their exorbitant costs. Therefore,
the study of the potential of cheap and accessible natural adsorbents
in the removal of heavy metals from industrial waste can be
interesting.

Materials and Methods. For the study of absorbent quantity,
pH and temperature effectiveness on absorption capacity of cherry
core, first the artificial solution was supplied in 1000 mg/lit
concentration and was mixed by certain amount of absorbent at
certain temperature and pH for 60 minutes. The solutions filtered by
filter paper and the contents of each ion in initial and filtered
solution were determinate by atomic absorption spectrometry.
Effect of absorbent quantity (0.2-2 g/100 ml), pH (3-7) and
temperature (30—70 °C) on absorption rate of Lead and Cadmium
investigated in Response Surface Methodology (RSM).

Results and Discussion. Increasing temperature improved the
absorption rate of cadmium due to decrease of viscosity and
accelerate mass transfer. Increasing of temperature limits the
formation of boundary layer around the absorbent due to reduce of
solution viscosity. So, ion absorption is intensified. Also, Increasing
of absorbent quantity raises the surface contact and as results the
chance of collision ions is improved with absorbent particles. In the
other words, high quantity of absorbent increases the required cites
to attach ions. Cadmium elimination at high value of pH was
decreased due to conversion of ionic structure to molecular
structure. Cadmium absorption rate was also increased by enlarging
of absorbent; because of exist the more cites for absorption.
Increasing the pH to 5 led to increase the Lead ions absorption, but
rise of pH to 7 reduced absorption of Lead. The reason of this
pneumonia is due to change of Lead ion structure to molecular state
in alkaline pH. While in lower pH, competition hydrogen ions with
cations decrease the absorption of metal ions.

Conclusion. The best experimental parameters for maximum
absorption ions were determined at the following conditions:
temperature 70 °C, pH 5 and concentration of absorbent 2 g/100ml.
By applying these conditions, Lead and Cadmium ions were
decreased 79.18 and 76.56% respectively from artificial solutions.
Also, optimal conditions were tested on sugar industry wastewater,
which results indicated the rate of absorption for Lead and
Cadmium was obtained 98.98 and 76.1% respectively.
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Introduction

Industrial contamination is one of the most important factors that pollute the water
sources and spread infection to humans and animals. Household wastes, industrial wastes
and agriculture drainage are a major contributor to pollutions. Limitation of water sources,
lack of rain and water crisis on one hand and increase the contamination of surface and
ground water by heavy metals on the other has caused that finding an effective method is
necessary to removal the pollutants specially heavy metals as Cd, Pb, Ni [3].

Mechanism of heavy metal toxicity in biochemical is due to intense inclination of
metals Cations to reaction with sulfur molecules. These binding were caused the
inactivation of enzymes and lead to the bio failure and death [9-10].

Cadmium is a very toxic metal that its destructive effects have been proven on the
lungs, kidneys and bones. Including serious damage of cadmium can be noted to a disease
named Itai-Itai (Rheumatism bone pain). Cadmium through the contamination of sediment
erosion left over the industries and agriculture slurry and manure is entered to aquatic
ecosystems [4].

Also, Lead damages to nervous connections and leads blood and brain diseases. As far
as, the 5 micrograms of Lead per deciliter of blood decrease the IQ and impair the focus
and aggression in children [14].

Nowadays, various methods exist for reduction the contamination and heavy metals
from water sources including membrane technology, exchanges ions resins, electrolysis and
surface absorption. Among these methods, absorption processes has been applied widely
due to existence of absorbent divers as carbon active, zeolite, silica and clay [10].

Absorption process as an economic and efficient method can be replacing to costly
procedures like Revers osmose membrane process for removal heavy metals [2].

In recent years, waste of agriculture and industrial byproducts like threes leaf, peels of
fruits, core of fruits even sawdust as natural absorbents have been used to removal the
heavy metals in oil, chemical and textile industry, effectively. Application of solid
agriculture wastes is growing as effectiveness absorbent because of abundance, low costs
and their naturalness [1&8].

In 2007 Kamitz et al., reported that bagasse modified with succinic anhydride can be
considered as useful natural absorbent for cu, Pb and Cd. This absorbent could remove the
copper, lead and cadmium until 114, 196 and 189 mg/g, respectively.

Kelly-Vargas (2012) compared the adsorb capacity of lemon and banana peels to
removal Copper, Lead and Cadmium ions. Results indicated that the lemon peels was more
successful in absorbing Copper and Lead than other, but Cadmium absorption was better by
banana peels (82%).

In similar study by Saka et al (2012) was shown that date fruit core in compare to
onion peel was better in absorbing of Lead ions.

So, in this study, the potential of cherry core to removal the Lead and Cadmium ions
from industrial wastewater was assessed and conditions of operation were optimized, too.

Materials and methods

Preparation of natural absorbent

First, cores of cherry were washed by distilled water several times to elimination their
surface impurities and were dried in oven (Unitherm Model, Germany) at 103 °C for 2
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hours. Then, due to increasing the capacity of contact surface, the cores were grinded and
sifted (screen shaker, Retsch AS200, Germany) in sieve mesh > 35 and < 60. Dusty
particles of cherry core maybe come in a hunch shape due to mixed in solutions, while
shaper particles have a lower contact surface (area to volume ratio). Finally, cherry core
powders were put to desiccator to prevent the absorption of moisture [7].

Preparation of artificial wastewater

By dissolving the Lead nitrate and Cadmium nitrate (Merck, Germany), the synthetic
solutions was supplied in concentration of 1000 mg/lit. Also, sulfuric acid and NaOH
solution (0.1 M) were used to adjusting the pH [7].

Experiment method

For the study of absorbent quantity, pH and temperature effectiveness as experimental
variables on absorption capacity of cherry core, first the artificial solution was mixed by
certain amount of absorbent at certain temperature and pH for 60 minutes that has been
determined by statistical design (Table 1). pH and temperature adjusted by pH meter
(Metrohm Model Germany) and magnetic stirrer equipped by heater (IKA Model,
Germany) and finally, after 60 minutes, the solutions filtered by filter paper (Whatman, 42
micron). For calculation of absorption rate, the ion contents in initial and filtered solution
were determinate by atomic absorption spectrometry (Analytik Jena Model, Germany).
When the solution is exposed to high temperature, the electrons of atom can be excited due
to absorbing energy which is different for each atom by atom [7].

Statistical design

Effect of absorbent quantity (0.2—2 g/100 ml), pH (3—7) and temperature (30-70 °C) on
absorption rate investigated in Response Surface Methodology (RSM) statistical design and
state of Box-Bhenken subject the full quadratic model (Equation 1) by Minitab Ver.17
software. Also, the best of parameter to elimination of cadmium and lead was optimized by
this software.

f=by+ b, T+b,T +b;P+ b +bsC+ bsC’ + b, TP + bsTC + byCP (1)
where: T — Temperature, P — pH and C — Concentration
Table 1

Experimental runs, independent variable levels and replicate runs in RSM
(Box-Bhenken method)

RunNumber| 1 | 2|34 5| 6| 78] 9 |10]11]12]13|14]|15

Temp (°C) | 30| 70| 30| 70| 30| 70| 30| 70| 50| 50| 50| 50| 50| 50| 50
pH 3131 7171551515131 7]13[7]5]5]5
C(glomL) | 1 | 1| 1]1]02]02]2]2]02]02]2]2|1]1]1
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Result and discussion
Effect of independent parameter on Lead absorption

According to the Figure 1, increasing the pH to 5 led to increase the Lead ions
absorption, but rise of pH to 7 reduced absorption of Lead. The reason of this pneumonia is
due to change of Lead ion structure to molecular state in alkaline pH. While in lower pH,
competition hydrogen ions with cations decrease the absorption of metal ions [17]. Also, at
lower pH, the concentration of hydrogen ion is high and consequently the competition
between metal ions and hydrogen ions is great for adsorbing on the absorbent surface. By
adsorbing the hydrogen ions on absorbent surface, ionic repulsion is created. On the other
hand, in higher value of pH due to increasing of hydroxide ions, the formations of metal
hydroxides are increased and as a result the rate of absorption in decreased [11].

Increasing of absorbent quantity raises the surface contact and as results the chance of
collision ions is improved with absorbent particles. In the other words, high quantity of
absorbent increases the required cites to attach ions. Increasing of temperature limits the
formation of boundary layer around the absorbent due to reduce of solution viscosity. So,
ion absorption is intensified [16].

I71]]
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Figure 1. Effect of experimental variable on Lead absorption rate
(Hold values are at temperature = 50 °C, pH 5 and C = 1.1)
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Effect of independent parameter on Cadmium absorption

The effect of pH, temperature and absorbent concentration on the Cadmium absorption
can be seen in the Figure 2. By increasing pH, Cadmium elimination was decreased due to
conversion of ionic structure to molecular structure and formation of metal hydroxide due
to exist of hydroxide ions. Cadmium absorption rate was also increased by enlarging of
absorbent; because of exist the more cites for absorption [12]. Increasing temperature
improved the absorption rate of cadmium due to decrease of viscosity and accelerate mass
transfer.

755
750
Cd %
7.5
740
temperature pH 75
Figure 2. Effect of experimental variable on Cadmium absorption rate
(Hold values are at temperature =50 °C, pH 5 and C=1.1)
Optimization

Minitab software was applied to optimization of experimental parameter. In setting
section of software the goal of study was placed on maximum ions absorption. Also in this
stage, must be graded the important of ions elimination. Since the risks of both ions from
the point of toxicity and the health are same, the importance value of these indexes was
considered equally.

Thus, the best conditions for maximum absorption ions were determined in the
following conditions with satisfaction desirability (100%): temperature = 70 °C, pH 5 and
concentration of absorbent= 2 g/100 ml (Figure 3). As shown in the Figure 4, in the best
condition, Lead and Cadmium removal reached to 90.5 and 76.4%, respectively.
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Figure 3. Determination of optimum experimental parameters by Minitab software

Table 2
Analysis of operational parameter and coefficient of full quadratic model
Source DF Lead Cadmium
Coefficient | S | 1= | Coefficient | s | P
Model 9 3449.19 | 0.072 7.47662 | 0.026
Constant 51.4267 0 73.98 0.000
Linear
T 1 0.8975 6.44 0.807 -0.4288 1.47061 | 0.019
P 1 12.7825 1307.14 | 0.014 -0.5162 2.13211 | 0.009
C 1 5.4 233.28 | 0.182 -0.21 0.35280 | 0.156
Quadratic
TT 1 10.2329 353.16 | 0.103 0.2825 0.25272 | 0.187
P-P 1 -9.2871 413.20 | 0.130 0.2525 0.22823 | 0.231
C-C 1 16.3829 991.02 | 0.024 0.06 0.01329 | 0.759
Interaction
T-P 1 -0.0975 0.04 0.985 0.31 0.38440 | 0.142
T-C 1 -2.6125 27.30 0.619 -0.7675 2.35623 | 0.008
P-C 1 5.4225 117.61 0.321 0.2675 0.28623 | 0.193
Residual 5 485.46 0.63247
Lack-of-fit 3 482.43 | 0.009 0.56587 | 0.154
Pure error 2 3.03 0.06660
Total 14 3934.65 8.10909
R* (%) 87.66 92.20
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After determination of optimum parameter, the study carried out at optimal conditions
again. By applying these conditions, Lead and Cadmium ions were decreased 79.18 and
76.56% respectively from artificial solutions. Also, optimal conditions were tested on sugar
industry wastewater, which results indicated the rate of absorption for Lead and Cadmium
was obtained 98.98 and 76.1% respectively.

Conclusion

In this research the potential of Lead and Cadmium absorption was investigated by
cherry core under the influence of different levels of temperature, pH and absorbent
quantity variables with Response Surface Methodology statistical design. Results shown
that, increasing temperature improved the absorption rate of cadmium due to decrease of
viscosity and accelerate mass transfer. Increasing of temperature limits the formation of
boundary layer around the absorbent due to reduce of solution viscosity. So, ion absorption
is intensified. Also, Increasing of absorbent quantity raises the surface contact and as results
the chance of collision ions is improved with absorbent particles. In the other words, high
quantity of absorbent increases the required cites to attach ions. Cadmium elimination at
high value of pH was decreased due to conversion of ionic structure to molecular structure.
Cadmium absorption rate was also increased by enlarging of absorbent; because of exist the
more cites for absorption. Increasing the pH to 5 led to increase the Lead ions absorption,
but rise of pH to 7 reduced absorption of Lead. The reason of this pneumonia is due to
change of Lead ion structure to molecular state in alkaline pH. While in lower pH,
competition hydrogen ions with cations decrease the absorption of metal ions. The results
showed, at optimal condition (T=70, pH 5 and C=2 g/100ml) the absorption rate for Lead
and Cadmium reached to 79.18 and 76.56 % in artificial solution and 98.98 and 76.1% in
sugar industrial wastewater respectively. The operational parameters in this research were
effective on the variations of Temperature, pH and quantity of absorbent with appropriate
R’ Analysis of operational parameters effectiveness subject the full quadratic model
summarized in the Table 2.

According to the Table 2, the full quadratic equations for adsorption rate of Lead and
Cadmium were summarized as follows:

S read = 51.4267 + 0.8975T + 10.2329T° + 12.7825P - 9.2871P° + 5.4C + 16.3829C" -
0.0975TP - 2.6125TC + 5.4225PC
1 Cadmium = 73.98 - 0.4288T + 0.2825T - 0.5162P + 0.2525P° — 0.21C + 0.06C° +
0.31TP—0.7675TC + 0.2675PC
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Introduction. Tomato is a short duration fruit that
deteriorates easily after harvest, hence the need to process it
using foam-mat drying as a technique, to produce tomato with
good quality and investigate some process parameters (foaming
agent and foam stabilizer concentration) that can influence
drying rate and quality of the dried powder.

Materials and Methods. Randomized complete block
design was used with about 27 samples of tomato pulp using
egg white as foaming agent at 3 levels of concentration 5%,
10% and 15% and carboxyl methyl cellulose (CMC) at 0.2%,
0.4% and 0.8% the whipping time at 3 minutes and the samples
were dried in a cabinet dryer at 70 °C.

Results and Discussion. The result show that the mean for
samples treated with foaming agent concentration at 5%, 10%
and 15% had drying rates of 19.21 g/hr, 21.53 g/hr and 20.46
g/hr, protein content of 24.66%, 24.72% and 24. 77% and
vitamin C content of 1.70%, 1.44% and 1.34% respectively
while those treated with CMC concentration at 0.2%, 0.4% and
0.8% had drying rates of 18.74 g/hr, 20.68 g/hr and 21.78 g/hr,
protein content of 24.71%, 24.71% and 24.74% and vitamin C
content of 1.43%, 1.56% and 1.49% respectively. Analysis of
Variance shows that foaming agent and foam stabilizer
concentration had no significant effect on drying rate at P<0.05,
but foaming agent had significant effect on protein and vitamin
C contents of the sample. Analysis of Variance also shows that
the interaction that exist between foaming agent and foam
stabilizer had significant effect on the vitamin C and protein
content of the sample but had no significant effect on the
drying rate at P<0.05. Furthermore the New Duncan Multiple
Range Test (NDMRT) shows the means of protein content
24.66%, 24.72% and 24.77% at foaming agent concentration of
5%, 10% and 15% respectively.

Conclusions. Foaming agent concentration is an important
parameter that influences the quality attributes of foam-mat
dried tomato. In order to achieve maximum retention of the
vitamin C content of foam-mat dried tomato pulp, 5%
concentration of the foaming agent (egg albumin) is more ideal
compared with higher concentrations as this will go a long way
to minimize overall cost incurred during foam-mat drying
process.
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Introduction

Tomato (Lycopersicon esculentum) is a fruit of high economic value and importance. It
is widely consumed in Sub-Saharan Africa, Nigeria inclusive [1] and other parts of the
world [2, 3]. It is a fruit consumed on daily basis by people due to its enriching nutritional
values, tomato has been known to be a supplier of important nutrients to the human body as
one medium sized is capable of supplying the body with 57%, 35% and 8% of the
Recommended Daily Allotment (RDA) of vitamin C, vitamin A and iron, respectively [4].
Tomato fruit has been known for its potency to help boost body immune system and as well
prevent against some common and deadly diseases such as prostate, lung and stomach
cancer [5, 6]. As good as tomato fruit is in Nigeria; it is relatively scarce during its off
season and as result quite expensive following its season of abundance in large quantities
and substantially wasted due to inadequate postharvest handling, processing and storage
techniques. One major problem is that tomato is a short duration fruit which easily
deteriorates after harvest leading to heavy postharvest losses [7]. As a result it is important
to process the fruit, which will minimize wastages incurred and as well make the fruit
readily available throughout the year for consumption. Drying has been known to be an
economical food processing technique and is gaining popularity in Nigeria [7]. Drying has
numerous methods which include Foam-mat drying, spray drying, vacuum drying, solar
drying, hot-air drying, freeze drying, microwave drying, infra-red drying, drum drying,
fluidized bed drying and osmotic drying etc.

Among these, foam—mat drying is considered to be advantageous in terms of drying of
the foams at lower temperature compared with other methods of drying non-foamed
materials in the same dryer type [8]. Also the residence time of the product in the dryer is
shorter, since there is increased surface area by incorporation of air/gas which increases
exposure to heat and aids mass transfer during drying. Drying by foam is a process in which
liquid is beaten by various means to form stable foam that is then dried by evaporation of
the water in form of thin layer [9]. According to [10], foams-mat process involves drying
thin layers of foamed material in heated un-dehumidified air at atmospheric pressure and is
reported to be considerably cheaper than vacuum, freeze and spray drying methods. The
structure, expansion and stability of the foam provide an important function in the
movement of the moisture during drying and, consequently, in the food quality [11, 12].
Foam drying allows for the processing of biomaterials that are difficult to dry, such as
tomato paste and also allows for the production of materials that can easily rehydrate and
retain several quality indicators, such as colour, aroma, texture and nutritional values. It is
in view of this, this study was carried out purposely to investigate the effects of foaming
agent and foam stabilizer on protein and vitamin C contents of powdered tomato.

Materials and Methods
Materials

The experiment was conducted in the department of food engineering, university of
Ilorin, Ilorin, Nigeria at average room temperature of 31 °C and relative humidity of about
60%. Roma tomato fruits that were considered to be fresh, firm, and ripe were purchased
from Oja-Oba market in Ilorin, Kwara State, Nigeria. The tomato fruits were sorted
according to size and shape in order to ensure uniformity of the samples. Thereafter the
samples were washed under running water and sanitized. The samples were blanched with
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steam for 20 seconds to deactivate any enzyme activity and as well hinder the growth of
microbes. The samples were deseeded sliced in quarters and were blended with an electric
jug blender (Model no. SB-211, 350 W) to form tomato paste. The tomato paste was poured
to fill the square containers made with stainless steel of 0.000144 m® volume.

Methods

All the containers were foamed with egg whites at different concentrations of 5%, 10%
and 15% and carboxyl methyl cellulose (CMC) was used to stabilize the foam at different
concentrations of 0.2%, 0.4%, and 0.8% according to the experimental treatment layout.
The mixtures were agitated with the blender (which was opened at the top to admit in air) to
produce foams at constant whipping time of 3 minutes. The experiment was conducted in a
3% factorial experiment in Randomized Complete Block Design (RCBD) with each of the
treatments replicated thrice to ensure reliability of the experiments’ result. Therefore the
nine (9) treatments resulted in a total of 27 samples altogether. The containers with the
samples labelled appropriately with tags based on their treatments and were loaded onto a
mechanical dryer designed and constructed for this experiment (see the exploded view of
the dryer in Figure 1). The dryer was run for 10 minutes at 70 °C and the temperature was
monitored in the dryer with the aid of thermometers to ensure it has reached the desired
temperature before the samples were loaded onto it. This temperature was chosen because it
was considered to be the best for foam mat drying of tomatoes [13, 14]. During the process
of drying the samples were being weighed with a weighing scale (CL 201) on hourly basis
to determine their moisture loss and were recorded, drying process was terminated when
the samples have reached a moisture content of 4.5% (db) and this took an average drying
time of four (4) hours. Scrapers are used to scrape the dried tomato samples out of the
containers and allowed to cool and then packaged in polythene with tags and were
immediately taken to the laboratory for proximate analysis.

Figure 1. Exploded view of the mechanical dryer:
1 — Heat Regulator; 2 — Heat Regulator Frame ;3 — Chimney; 4 — Door;
5 — Blower; 6 — Heating Element; 7 — Frame/Stand; 8 — Tray Holder;
9 —Main Tray; 10 — Loading Tray; 11 — Dryer Tray/Net
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The Drying rates of the samples were calculated based on the formula from [15]

R:‘Z_’?sz_tmf ()

where: R — Drying rate (g/hr)
dM — Change in mass (g)
dt — Change in time (hr)
t — Total time (hr)
m; — Initial mass of the sample (g)
m¢ — Final mass of the sample (g)

Proximate composition analysis was carried out at the Chemistry department
laboratory to determine the vitamin C and protein contents of the dried samples using
AOAC method [16].

Statistical analysis was carried out using a software SPSS version 16.0 to analyse the
data at the level of significance of individual treatments and their interaction with one
another at (p<0.05) using analysis of variance (ANOVA).

Results and Discussion
Effects of foaming agents and foam stabilizers on the drying rate

Analysis of variance (ANOVA) table is presented in Table 1 to show the effect of
foaming agent and foam stabilizer on the drying rate of foam-mat dried tomato powder as it
can be seen in the table both foaming agent and foam stabilizer had no significant effects on
the drying rate of the dried samples at P<0.05 this result is similar to the findings of [17]
that foaming agent concentration had no significant effect on the foam density of tomato
pulp; and [18] and [12] had earlier stated that lower density of foamed materials are
responsible for increased drying rate as a result of increased contact surface and interfacial
area. That foam stabilizer had no significant effect on the drying rate of foam-mat dried
tomato powder.

Table 2 was used to show the effects of various concentration of foaming agent (egg
white) on the rate at which the samples dried using the new Duncan’s multiple range test
(NDMRT), from the table the use of foaming agent at 5%, 10% and 15% show mean drying
rates of 19.21, 21.53 and 20.46 g/hr respectively which show that the fastest rate of drying
was achieved with samples treated with 10% foaming agent and the slowest with those
treated with 5% foaming agent but Table 2 also show that at significant level of P<0.05 the
use of foaming agent at various concentration had no significant differences from each
other. This implies that varying foaming agent concentration may not be necessary when
trying to get optimum drying rate.

Table 3 show the effect of foam stabilizer, carboxyl methyl cellulose (CMC) at
different concentrations on the drying rate. Samples treated with 0.20%, 0.40% and 0.80%
of CMC had mean drying rates of 18.74, 20.68 and 21.78 g/hr respectively. These show
that the fastest drying rate was achieved at 0.80% CMC concentration, however the new
Duncan’s multiple range test (NDMRT) in Table 3 has been used to compare the mean of
drying rate at different concentrations of CMC which reveals that they were not
significantly different from each other statically at P<0.05. Therefore energy, time and
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resources should not be wasted varying foam stabilizer concentration when the aim of the
drying experiment is to enhance drying rate. As it shown in Table 4 the interactive effect of
foaming agent and foam stabilizer on drying rate is not significant at P<0.05.

Table 1
Results of the analysis of variance (ANOVA) of effect of foaming agent and foam stabilizer on
drying rate, vitamin C and protein content of foam-mat dried tomato pulp

SV DF| SS | MS | F | Sig.
Drying Rate (g/hr)
Foaming Agent | 2 8.09 | 405 | 1.10 0.39
Foam Stabilizer | 2 | 14.25| 7.12 | 2.68 0.15
DF | SS MS F Sig.
Protein Content (%)
Foaming Agent | 2 | 0.020 | 0.01 | 26.31 | 0.001*
Foam Stabilizer | 2 | 0.002 | 0.001 | 0.26 0.78
DF | SS MS F Sig.
Vitamin C (%)
Foaming Agent | 2 | 0.204 | 0.10 | 7.87 | 0.02*
Foam Stabilizer | 2 | 0.023 | 0.01 | 0.26 0.78
*Significant at P <0.05

SV — Sources of Variation; DF — Degree of Freedom; SS — Sum of
Squares; MS — Mean Squares; F — variance of group means per mean
of within group variances; Sig. — Significant, P — estimated
probabilities from experimental data.

Table 2
New Duncan multiple range test (NDMRT) of the effect of foaming agent on drying rate,
vitamin C and protein content of foam-mat dried tomato pulp

Foaming Agent (%) | 5 10 15
Drying Rate (g/hr) 19.21% | 21.53% | 20.46"
Protein Content (%) | 24.66° | 24.72° | 24.77°
Vitamin C (%) 1.70* | 1.44° | 1.34°
Means with the same letter are not significantly different from
each other at P<0.05

Table 3
New Duncan multiple range test (NDMRT) of the effect of foam stabilizer on drying rate,
vitamin C and protein content of foam-mat dried tomato pulp

Foam Stabilizer (%) | 0.20 0.40 0.80
Drying Rate (g/hr) 18.74* | 20.68" | 21.78"
Protein content (%) | 24.71° | 24.71° | 24.74°
Vitamin C (%) 1.43¢ 1.56° 1.49°
Means with the same letter are not significantly different from
each other at P<0.05
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Table 4
Analysis of variance (ANOVA) showing the interactive effects of foam agent and foam stabilizer
on the drying rate, protein and vitamin contents of foam-mat dried tomato pulp

SV DF | SS MS |F Sig.

Foaming Agent (FA) X | Drying Rate | 2 14947 | 7.73 | 2.947 | 0.128
Foam Stabilizer (FS) (g/hr)
Protein (%) 2 0.022 | 0.11 85.123 | 0.000"
Vitamin C (%) 2 0.193 ] 0.097 | 6.509 | 0.031°

*Significant at P <0.05

SV — Sources of Variation; DF — Degree of Freedom; SS — Sum of Squares; MS — Mean
Squares; F — variance of group means per mean of within group variances; Sig. —
Significant, P — estimated probabilities from experimental data.

Effects of foam agent and foam stabilizer on the protein content of foam-mat
dried tomato pulp

The ANOVA in Table 1 has shown that the effect of foaming agent concentration is
highly significant on the protein content of treated samples at P<0.05 significant level but
foam stabilizer concentration had been found not to have any significant effect at this level.
Table 2 has shown that foaming agent at various concentrations of 5%, 10% and 15% had
mean protein content of 24.66, 24.72 and 24.77% respectively, which shows that there is
increase in the value of protein retention of the samples as the foaming agent concentration
increases and Table 2 has further shown through NDMRT that the mean of the samples
were significantly different from one another at P<0.05. Therefore it is important to vary
foaming agent concentration and know the best one when the aim of the drying experiment
is to have maximum retention of quality parameter such as the protein content. Table 3 has
also shown the effect of foam stabilizer concentration on the protein content of the samples,
which shows that at 0.20%, 0.40% and 0.80% CMC concentration, the mean protein
content of the samples were 24.71, 24.71, 24.74% respectively and the NDRMT has shown
that the means were not significantly different from one another at P<0.05. Table 4 reveals
that the interaction between foaming agent and foam stabilizer had significant effects at
P<0.05 on the protein content of the treated samples.

Effects of foam agent and foam stabilizer on the vitamin C content of foam-mat
dried tomato pulp

Analysis of variance in Table 1 has shown that the effect of foaming agent
concentration is significant on the vitamin C content of treated tomato at P<0.05, but the
effect of foam stabilizer concentration had no effect on the vitamin C concentration. These
were further expressed in Table 2 and 3 using the NDRMT which in Table 2 show that
foaming agent at 5%, 10% and 15% had mean values of vitamin C to be 1.70, 1.44 and
1.34% respectively, hence it can be infer that increase in foaming agent concentration led to
decrease in the value of vitamin C retention this is similar to the findings of [19] on papaya
pulp vitamin C content reduction with increased foam thickness also in agreement with the
findings of [14] that beta carotene (an antioxidant like vitamin C) content of mango pulp
decreases with increased foaming agent concentration. The mean of vitamin C at different
foaming agent concentration were significantly different from one another at P<(.05.
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Therefore concentration of foaming agent is an important factor to be considered when
putting vitamin C content retention in mind as a quality parameter. The effect of foam
stabilizer is also shown in Table 2, which shows that CMC concentration at 0.2%, 0.4% and
0.8% had 1.43, 1.56 and 1.49% respectively as mean value of vitamin C content. Therefore
the highest value of vitamin C was obtained at 0.4% CMC concentration but NDMRT show
that the means of vitamin C content of samples at different concentration were not
significantly different from one another at P<0.05. Table 4 further express the interaction
between foaming agent and foam stabilizer which is found not to be significant on the
vitamin C content of the treated samples.

Conclusions

1. Drying rate of treated tomato pulp samples which were foam-mat dried is neither
dependent on the foaming agent concentration level nor the foam stabilizer
concentration level

2. Foaming agent concentration had significant effect on the protein content of treated
tomato pulp samples, and increased foaming agent concentration resulted in increased
protein content retention but foam stabilizer concentration had no significant effect at
all on the protein content. Meanwhile the interaction between the two factors is
considered to be highly significant on the value of protein derived.

3. Vitamin C content is an important quality parameter which is found that the foaming
agent concentration had significant effect on its value, whereas foam stabilizer
concentration had no significant effect on its value. But the interaction between the two
factors is significant on the vitamin C level derived.

4. It is recommended that other factors should put into consideration for further research
to ascertain which of them would have significant effect on drying rate of treated
tomato pulp which will be subjected to foam-mat drying.

5. The foam stabilizer used (CMC) could be mixed with some other chemical solution at
a certain proportion within safe limit for human consumption to be used for further
research to determine how it would be able to influence the quality parameter, such as

6. Vitamin C and protein content of treated tomato pulp undergoing foam-mat drying
process.
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Introduction. Since there are no data on correlation and
regression analysis of the main indicators of personal insurance.
Also with the aim of identifying the main problems of personal
insurance and directions of their solution in the context of
increasing the competitiveness of the insurance market, we have
carried out correlation and regression studies on the
interdependence of insurance premium receipts, insurance
premiums life, life insurance, pension contributions and retirement
benefits.

Materials and methods. Scientific research of the main
problems of personal insurance was based on the application of
the following methods: abstract-logical, system analysis and
grouping for studying the main problems of the insurance market
and directions of problem solving. The method of correlation-
regression analysis was used to study the statistical
interdependence between such indicator, the amount of insurance
premiums and the number of insurance contracts, the sum of
insurance premiums in general and insurance premiums for health
insurance, as well as medical insurance payments, etc.

Results and discussion. The main risks of the personal
insurance market are global risks (the cyclical nature of the
development of the world financial and economic system),
macroeconomic and microeconomic risks (rates of changes in the
national economy and individual branches), financial risks
(unsatisfactory financial condition of insurance companies, low
quality of assets of insurers) and commercial risks.

Correlation regression analysis of indicators of life insurance
showed high reliance life insurance premiums of total premiums
collected, as the correlation coefficient is 0,669, the relationship
between the studied elements directly, with determination
coefficient of 0,447, that factor variable (gross premiums)
determines the 44,7% rate dependent life insurance premiums.
Similar to the dynamics and nature of the situation characterizing
the dependence of pension payments from pension contributions,
higher values of correlation coefficients and determination.

Conclusions. Increasing the competitiveness of the insurance
market will help to overcome such risks to the personal insurance
market as global risks, macroeconomic and microeconomic risks,
financial and commercial risks. The main problems of personal
insurance are defined by the low level of public confidence in
insurers, insurers' fraud, the slow pace of economic restructuring
and low incomes. In addition, the high level of dependence of life
insurance premiums from the total amount of insurance premiums
shows positive trends in the country's insurance market
development.
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Introduction

The analysis of the personal insurance market, problems and prospects for its
development in most cases is not comprehensive. The advantage of the methodology
chosen by us is the use for research of the theoretical and methodical apparatus, statistical
data of the insurance market and the results of correlation-regression analysis. This
approach will increase the level of scientific feasibility of the proposed optimization
measures.

Formation of an effective and efficient insurance market of the country, with the aim of
increasing the competitiveness of its subjects, requires a continuous analysis of the current
state of development of insurance relations, identification of the main problems existing, as
well as finding directions and methods for their solution. In addition, it should be noted that
personal insurance market today needs special attention, as it is evident from its low
development and popularity among the population in comparison with European countries.

The European experience of the functioning of the insurance market as a whole, as well
as, in particular, the personal insurance sector, shows the positive significance of its
development. The European insurance market is characterized by a large increase in the
collection of insurance premiums [9, 20], and also shows an increase in the amount of
insurance payments, which, of course, is positive for all participants in the insurance market
[4]: insurance companies, insurers, insured persons and intermediaries [12].

A characteristic feature of the development of the insurance market of foreign countries
is the use in its activities of a wide range of non-standard [25] and newest insurance
products [1]. Insurance companies are increasingly gaining clients by offering innovative
insurance services [22]. This situation, together with other advantages of the insurance
market of foreign countries, gives the sector a significant competitive advantage over the
markets of other underdeveloped countries [18], including Ukraine.

Competitiveness is an important element and a sign of the activity of an insurance
company [7, 11], which enables to increase the volume of collected insurance premiums
and to improve other indicators of the activity of the insurance company.

During the study of the insurance market Baldwin B. [5] worked on scientific work
«The new life insurance investment advisor». Brockmeier, Warren G. [6] studied the
impact of consumer activism on the insurance industry; Cummins, J. D., Neil Doherty,
Gerald Ray, and Terri Vaughan [8] worked about the insurance brokerage industry.
Hamilton, Karen L., and Cheryl L. Ferguson [11] investigated the personal risk
management and property-liability insurance and Huebner, S. S., Kenneth Black, Jr., and
Bernard L.Webb [12] worked about property and liability insurance.

The analysis of studies and publications showed that a lot of researchers are engaged in
research into the insurance market and, in particular, personal insurance in Ukraine, among
which M. Andrus [3], S. Achkasova, Ye. Malyshko [2], H. Gryb [10], K. Ponomarenko,
O. Marchenko [5], N. Prykazyuk, S. Shymkiv [6], T. Smirnova, I. Topii, Z. Talama [23]
and many others. At the same time, it should be noted that the problem of the improvement
of medical insurance, which such scientists-economists worked for M. Telishevska,
O. Oleksyuk [24], K. Ponomarenko, O. Marchenko [17] and many others.

The purpose of the study is to analyse the main problems and shortcomings of personal
insurance, as well as to find directions for increasing the competitiveness of the Ukrainian
insurance market, which can also be used to improve the insurance market of foreign
countries.

The main condition for increasing the competitiveness of an insurance company and
improving all its performance indicators is to eliminate existing shortcomings [8, 13] and
use of modern areas of optimization of activities [5], implementation of advanced foreign
and domestic experience [25].
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Materials and methods

Materials

The study of the main problems of personal insurance and directions of their solution in
the context of increasing the competitiveness of the insurance market was conducted on the
example of the data of the insurance market of Ukraine on the number of insurance
companies, the amount of insurance premiums and the amount of insurance payments for
2010-2016. Initial data for scientific research are obtained from the National Commission,
which carries out state regulation in the field of financial services markets in Ukraine.

Methods

Scientific research of the main problems of personal insurance was based on the
application of the following methods: abstract-logical, system analysis and grouping for
studying the main problems of the insurance market and directions of problem solving. The
method of correlation-regression analysis was used to study the statistical interdependence
between such indicator, the amount of insurance premiums and the number of insurance
contracts, the sum of insurance premiums in general and insurance premiums for health
insurance, as well as medical insurance payments, etc. Observation methods,
generalizations and descriptions were used to analyze the dynamics of the insurance market
subjects, to study the main problems of personal insurance, as well as to determine the
directions of increasing the competitiveness of the insurance market.

In order to inform the submission of materials regarding the insurance market
indicators presented in tables 2 and 3, the monetary amounts were converted into US
dollars at the rate of NBU 26,9 UAH / USD at the end of 2016.

Results and discussion
Risks of the insurance market

The functioning of the Ukrainian insurance market in modern conditions requires
effective external and internal regulation, as the current situation speaks about the risks of
reducing the efficiency of activities in the whole insurance market, and in particular,
personal insurance.

Today, the insurance market, according to O. Shulyak and O. Martsenyuk-
Rozaryonova [21] is under the influence of such risks:

1. The global risks caused by the cyclical character of the development of the world's
economic and financial systems, as well as the inability to predict the time [16] and
scale of the next crisis [6];

2. Macroeconomic and microeconomic risks [14] associated with the preservation of the
tendency to reduce the growth rates of the national economy or individual industries;

3. Financial risks [11], which include unsatisfactory financial condition of a large part of
insurers, low asset quality level [5], etc.;

4. Commercial risks [21].
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Analysis of the dynamics of participants in the insurance market

Analyzed on the example of the insurance market of Ukraine, certain financial and
economic indicators that are important for the study of personal insurance.

The number of insurance companies, non-state pension funds and their administrators
in Ukraine for 2010-2016 tends to decrease, which may mean reducing the level of
competition between the subjects of the insurance market and, consequently, will
negatively affect the level and quality of personal services. Insurance of the population of
the country (Table 1).

Table 1
Dynamics of the number of insurance companies, non-state pension funds and their
administrators in Ukraine for 2010-2016 [15]
Financial institutions 2010 | 2011 | 2012 | 2013 | 2014 | 2015 2016

Insurance companies, 456 | 442 | 414 | 407 | 382 | 361 310

including:
«non-life» insurance 380 | 378 | 352 | 345 | 325 | 312 | 271
companies
«lifey insurance companies 67 64 62 62 57 49 39
Non-state pension funds 101 96 94 81 76 72 64

Admlnlsuators of non-state 43 40 37 28 24 23 2
pension funds

Total 600 | 578 | 545 | 516 | 482 456 396

Data of table 1 show that in 2016 the total number of operating insurance companies
was 310, including 39 «life» insurance companies and 271 «non-life» insurance companies.
The number of companies in the Ukrainian insurance market has been showing a tendency
to decrease for a long time.

It has been determined [15] that during 2010-2016 the number of insurance companies
decreased from 456 to 310 units, a decrease of 32,0 %, including non-life insurance
companies from 389 to 271 insurers (a decrease of 30,3 %), and «Life» insurance
companies from 67 to 39 insurance companies, that is, the reduction is 40,6 %. With regard
to non-state pension funds, their number for the period under investigation decreased from
101 to 64, that is, the reduction was 36,6 %, while the number of non-state pension fund
administrators changed from 43 in 2010 to 22 in 2016, a decrease of 21 units or 48,8 %. In
general, the dynamics of all the subjects analyzed shows a decrease from 600 units in 2010
to 396 in 2016, a decrease of 34,0 % [15].

Analysis of dynamics of indicators of the insurance market
The volume of gross insurance premiums received by insurers and reinsurers during the

9 months of 2016 amounted to UAH 24,84 billion, which is 14,4% more than the same
indicator for the 9 months of 2015 [15] (Table 2).
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Table 2
Indicators of the activity of insurance companies and non-state pension funds in Ukraine for
2010-2016, USD millions [15]

01.10.

Financial institutions 2010 | 2011 | 2012 | 2013 | 2014 | 2015 2016

Insurance companies

Income insurance premiums 888,5 | 873,1 | 826,9 (1103,8 |1030,8 |1142,3 | 1353,8

Gross insurance premiums, 888.5 | 873.1 | 826,9 [1103.8 [1030,8 |1142,3 | 1353,8

including:
Life insurance 34,6 | 50,0 | 69,2 | 96,2 | 84,6 | 84.6 | 84.6
Gross insurance payments, 234,6 | 188,5 | 200,0 | 180,8 | 196,2 | 311,5 | 338,5
including:
Life insurance 1,9 2,7 30,8 3,8 7,7 19,2 15,4

Insurance premiums from 411,5 | 226,9 | 100,0 | 211,5 | 188,5 | 265.4 | 334.6
remsurers

Payments offset by reinsurers 19,2 | 26,9 | 19,2 | 19,2 | 23,1 50,0 46,2

Non-state pension funds

Pension contributions to the

. 34,6 | 42,3 | 50,0 | 61,5 | 69,2 | 73,1 73,1
non-state pension system

Retirement benefits of the non-

: 77 | 7,7 | 11,5 | 11,5 | 154 | 23,1 | 23,1
state pension system

Based on the data of the table 2 it is possible to state the unstable dynamics of gross
insurance premiums and insurance payments, including payments to compensated
reinsurers, as well as pension contributions and payments of the system of non-state
pension provision in Ukraine during 2010-2016 [15].

In order to analyse the causal relationships between the main indicators of personal
insurance on the example of the Ukrainian insurance market for 2010-2016, a correlation-
regression analysis of insurance premiums and insurance premiums for life insurance,
insurance premiums, and life insurance payments was made. Regarding non-state pension
insurance, a correlation-regression analysis of pension contributions and pension payments
on the example of the Ukrainian financial market for 2010-2016 was carried out.

Correlation and regression analysis of insurance premiums

Correlation and regression analysis of insurance premiums and life insurance premiums

showed the following results:

1. The correlation coefficient (r) is 0,669,

2. The connection between the investigated elements is direct, the binding density (force)
under the chaddock scale is notable;

3. The number of degrees of freedom (f) makes up 5;

4. The student’s t-test makes up 2,012;

5. The critical value of student’s t-test at the given number of degrees of freedom makes
up 2,571;

6. The values dependence is statistically not significant (p>0,05);

7. The equation of the pair linear regression is as follows:

y =-0,26030 + 0,07950 - x
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8. The determination coefficient r* makes up 0,447 (the factorial characteristic x defines
44,7% of the dispersion of the dependent indicator y);

9. The average approximation accuracy (characterizes the adequacy of the regressive
model) makes up 23,9%.

Important for a high level of scientifically grounded work on personal insurance is the
study of the receipt of insurance premiums for life insurance payments. Correlation-
regression analysis of insurance premiums and life insurance payments showed the
following results. The correlation coefficient (r) is 0,032. The connection between the
investigated elements is direct; the binding density (force) under the Chaddock scale is
weak. The number of degrees of freedom (f) makes up 5; the Student’s t-test makes up
0,071. The critical value of Student’s t-test at the given number of degrees of freedom
makes up 2,571; the values dependence is statistically not significant (p>0,05)

The equation of the pair linear regression is as follows:

y=0,25391+0,00183 - x

The determination coefficient r* makes up 0,001 (the factorial characteristic X defines
0,1% of the dispersion of the dependent indicator Y). The average approximation accuracy
(characterizes the adequacy of the regressive model) makes up 170,6%.

Non-state pension insurance today is developing at a rather high pace in European
countries, but Ukraine still exists for problems that hinder its stable development.
Correlation and regression analysis of pension contributions and pension payments of the
Ukrainian market showed the following results:

1. The correlation coefficient (r) is 0,895;

2. The connection between the investigated elements is direct;

3. The binding density (force) under the chaddock scale is high;

4. The number of degrees of freedom (f) makes up 5;

5. The student’s t-test makes up 4,494,

6. The critical value of student’s t-test at the given number of degrees of freedom makes
up 2,571;

7. The values dependence is statistically significant (p<0,05);

8. The equation of the pair linear regression is as follows:
y =-0,19490 + 0,37755 - x

9. The determination coefficient r* makes up 0,802 (the factorial characteristic X defines
80,2% of the dispersion of the dependent indicator Y);

10. The average approximation accuracy (characterizes the adequacy of the regressive
model) makes up 17,5%.

Problems of the personal insurance market

Thus, moving to the consideration of the personal insurance sector in Ukraine, it is

possible to distinguish its main problems [2, 10, 21]:

— Unfinished health insurance reform: state-owned healthcare facilities are not currently
interested in co-operating with insurance companies [2];

— Unfinished pension reform: the second level of the pension system has not been
introduced and the third level, which provides for the provision of old age by means of
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pension programs of insurance companies or other financial institutions, is not

sufficiently popular [19];

— Ineffective activity of lawmakers in the field of insurance - the insurance market of
ukraine once again enters a new phase without a long-term development program [3];

— Low level of trust in the market of personal insurance and insurance culture of the
population as a whole [25];

—  Fraudsters of insurers, fake reinsurance, insufficient regulation of insurance mediation
[71;

— Slow pace of economic restructuring, low level of solvency of the population,
protracted political crisis [3].

Investigating the problems of life insurance, T. Smirnova, I. Topii, Z. Talama [23]
divide them into external and internal ones. To the first group the scientist considers the
following problems:

—  Imperfect legal and regulatory support [23];

— Insufficient demand of individuals and legal entities for insurance services in life
insurance [17];

—  Lack of safe investment programs for long-term placement of insurance reserves;

— Low efficiency [5] of strategic management of insurers;

—  The information security of insurance companies is rather large;

—  Imperfect financial reporting and information processing methods [23].

Among the main reasons, the main ones are:

—Narrow assortment [19] of insurance services;

—Insufficient level of diversification of insurance products;

—Low level of customer service;

—Technological performance of insurance operations remains low [2];

—Inefficiency of the risk management system and internal control;

—Low development of information and analytical support system [23].

In addition, the main problems of methodical insurance in Ukraine can be attributed to:

— Low level of financing of health care system;

— Unsatisfactory quality of medical services and medical care, as well as outdated
equipment [3];

— Ineffective structure of medical care;

— Low quality and expensive medicines and pharmaceuticals [17, 19, 20].

As for non-state pension insurance, S. Achkasova and Ye. Malyshko [2] determine
such a hierarchical model of problems, the solution of which will positively influence the
development of non-state pension insurance:

— 1 level — the lack of a stable and secure source of pension funds and the structural basis
of non-state pension insurance;

— 2 level involves two problems, firstly, the unequal competitive conditions between
non-state pension funds, life insurance companies, as well as banks in the field of non-
state pension insurance; And secondly, the lack of guaranteed returns and access to
liquid markets [6];

— 3 level — low development of the stock market of the country to provide a sufficient
choice of instruments for the formation of investment income;

— 4 level — distrust and low awareness of non-state pension insurance [2, 3, 16].
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Analysis of dynamics of indicators of the market of personal insurance

The studies selected for the analysis of personal insurance indices in Ukraine reflect the
positive dynamics of growth of practically all indicators for 2010-2016 in Ukraine (Table
3).

Table 3
Indicators of personal insurance in Ukraine for 2010-2016, USD millions [15]

Indicators 2010 2011 2012 2013 2014 2015 2016

Number of contracts on
compulsory personal insurance
against accidents in transport,
thousand pcs.

Gross insurance premiums of
voluntary personal insurance
Net insurance premiums of
voluntary personal insurance
Gross insurance premiums
medical insurance

Net insurance premiums of
medical insurance

Gross insurance payments of
voluntary personal insurance
Net insurance payments of
voluntary personal insurance
Gross insurance payments of
medical insurance

Net insurance payments of
medical insurance

22,8 22,6 55 3,8 3,8 3,6 4,5

64,6 89,6 1074 139,5 1242 124,0 162,0
58,1 81,6 102,7 1185 106,5 1169 152,7
33,1 44,8 509 572 62,5 742 90,6
31,1 41,8 49,2 53,7 58,0 79,2 877
30,7 35,7 42,8 482 52,2 573 66,1
30,5 35,7 42,8 482 52,1 572 66,0
243 28,9 34,7 38,9 42,6 46,1 51,6

243 289 34,6 389 42,6 46,1 515

Data of table 3 show that the most unstable tendency is characteristic of compulsory
personal insurance contracts for transport accidents: there is a decrease in the number of
contracts from 2010 to 2013, and there is no clear trend until the end of the analysis period.
Regarding gross and net premiums and expenses presented in table 3, then we can talk
about positive changes in these types of personal insurance, since the rates of insurance
premiums and wasted during 2010-2016 years constantly increased.

Correlation and regression analysis of insurance premiums and number of
contracts on compulsory personal insurance

For a more detailed study, it is necessary to carry out a correlation-regression analysis
of the interdependence between the main indicators of personal insurance in Ukraine. As a
result, we obtained the following data on the dependence of gross insurance premiums on
voluntary personal insurance on the number of contracts on compulsory personal insurance
against accidents in transport:
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- The correlation coefficient (1) is -0,833;

- The connection between the investigated elements is reverse;

- The binding density (force) under the chaddock scale is high;

— The number of degrees of freedom (f) makes up 5;

- The student’s t-test makes up -3,361;

— The critical value of student’s t-test at the given number of degrees of freedom
makes up 2,571,

- The values dependence is statistically not significant (p>0,05);

— The equation of the pair linear regression is as follows:

y =23747,33189 - 0,00297 - x

- The determination coefficient r* makes up 0,693 (the factorial characteristic x
defines 69,3% of the dispersion of the dependent indicator y);

— The average approximation accuracy (characterizes the adequacy of the
regressive model) makes up 12,9%.

The correlative regression analysis of the number of contracts for compulsory personal
insurance against transport accidents and gross insurance premiums on voluntary personal
insurance showed the following results.

The correlation coefficient (r) is -0,811. The connection between the investigated
elements is reverse; the binding density (force) under the Chaddock scale is high. The
number of degrees of freedom (f) makes up 5; the Student’s t-test makes up -3,097. The
critical value of Student’s t-test at the given number of degrees of freedom makes up
2,571; the values dependence is statistically He 3Haunma (p>0,05). The equation of the pair
linear regression is as follows:

y=1509,73710—-0,00110 - x

The determination coefficient r* makes up 0,657 (the factorial characteristic X defines
65,7% of the dispersion of the dependent indicator Y). The average approximation accuracy
(characterizes the adequacy of the regressive model) makes up 10,9%.

The analysis of the dependence of gross insurance premiums of health insurance on
gross insurance premiums of health insurance using correlation-regression analysis showed
the following results:

—  The correlation coefficient (r) is 0,981;

—  The connection between the investigated elements is direct;

—  The binding density (force) under the chaddock scale is very high;

—  The number of degrees of freedom (f) makes up 5;

—  The student’s t-test makes up 11,207,

—  The critical value of student’s t-test at the given number of degrees of freedom

makes up 2,571,
—  The values dependence is statistically 3rauuma (p<0,05);
—  The equation of the pair linear regression is as follows:

y =23544914 + 0,49299 - x

—  The determination coefficient r* makes up 0,962 (the factorial characteristic x
defines 96,2% of the dispersion of the dependent indicator y);

— The average approximation accuracy (characterizes the adequacy of the regressive
model) makes up 4,2%.
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Regulation in the field of financial services markets

In order to solve the problems of the insurance market as a whole, as well as personal
insurance in particular, the Ukrainian federation of insurance developed anti-crisis
measures in the insurance market. The main of these is the decision by the National Bank of
Ukraine and the National Commission that carries out state regulation in the field of
financial services markets regarding [10]:

Provision of an effective mechanism for the unimpeded return of deposit funds to
insurers, such as those that are at the expense of insurers' insurance reserves and are
directed towards the payment of insurance indemnities;

Ensuring the availability of insurance coverage of property held in a pledge in a
commercial bank for the entire period of the loan agreement [25];

Establishment of transparent and equal conditions for cooperation between banks
and insurers;

The decision of the national security and defense council of ukraine to grant the
powers of the national commission, which carries out the state regulation in the field
of financial services markets in countering the dumping on the insurance market and
artificially reducing insolvency of the insurers during the financial crisis;
Enhancement of institutional capacity and status of the national commission that
carries out state regulation in the field of financial services markets;

Explanations provided by the tax authorities of ukraine on the basis of the insurance
and taxation legislation regarding the taxation of exchange differences and
investment income;

Expansion of the sphere of compulsory insurance, first of all, property insurance of
citizens;

Providing the ministry of internal affairs of ukraine with effective permanent control
over the availability of policies for compulsory insurance of civil liability of car
owners [3].

Life insurance is a key element of personal insurance, whose optimization in Ukraine
provides, above all, the following measures:

362

Improvement of the methodology of formation of reserves for life insurance;

The introduction of tax incentives for insurers offering pension insurance programs
and they should be in the same conditions as the state pension fund;

Introduce tax breaks for legal entities who enter into life insurance contracts for their
employees [14];

Establishing conditions that would allow insurers to offer attractive capital
accumulation programs and would be accessible to the wider public [23];

Increase of efficiency of work of state structures and their cooperation with
insurance companies, and also creation of associations of insurers on the most
important insurance problems;

Improvement of their legal, resource and organizational support;

Improving the activities of insurance companies themselves and improving the
quality of services they provide based on a single system of criteria [4, 9, 22];
Creation of an optimal structure of the relationship between compulsory and
voluntary insurance;

Optimization of processes of protection of consumer rights, encouragement to
purchase insurance services and formation of an insurance culture of the population

[3].
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As for health insurance, the main directions of its improvement are [17]:

—  To transfer separate services of state-owned medical institutions to paid institutions
for raising funds for the renewal of medical equipment;

—  To reconstruct health care institutions taking into account the need of each region of
the country;

—  To increase state control over the quality of methodical services, while accrediting
medical institutions;

—  To improve the system of state control over prices and quality of pharmaceutical
products [10];

— To increase the salaries of doctors taking into account the level of their
qualifications and professionalism, as a method of reducing the risk of bribery;

—  To conduct an annual review of citizens for the prevention of serious diseases;

—  To provide health insurance available to every citizen of the country [17].

Conclusion

The development of personal insurance is an important and objective indicator of the
development of financial and economic relations and the quality of life of citizens of the
country. The functioning of the financial services market in Ukraine today lags behind a
number of significant steps from the average European level. Not an exception is the
insurance service for personal insurance, the dynamics of insurance payments and
premiums, which although they show a positive character, but the socio-economic
mechanism for the implementation of personal insurance still has certain disadvantages,
and therefore needs a scientifically substantiated refinement. In today's business
environment, raising the level of competitiveness of an insurance company requires
management of an entity to use the elimination of deficiencies identified during the
financial and economic diagnosis of an insurance company; it is also necessary to
scientifically substantiate the use of advanced foreign and domestic experience
management of an insurance company. In addition, the experience of the European
insurance market shows the effectiveness of the application and introduction of the latest
and innovative insurance products, as a method of forming the competitive advantage of an
insurance company and increasing the amount of insurance premiums.
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Introduction. Bakery products are items of mass
consumption in view of its low price and high nutrient value.
With rapid growth and changing eating habits of people,
bakery products have gained popularity among masses.

Materials and Methods. About 200 working and 200
non-working women were selected by simple random
sampling method from Central India, Maharashtra, India and
the data was collected using interview cum questionnaire
method. Purchasing pattern of five bakery products viz.,
bread, buns, biscuit, cake and pizza bread were studied with
respect to age group, qualification, family size, number of
earning members and family monthly income of the working
and nonworking women.

Results and Discussion. The results of the study
showed that the average age of working women was 39.39+
6.15 years and non-working women was 38.36+5.7 years.
The average monthly income of working and non-working
women was Rs. 38,125+19,550 and Rs. 40,625+20,825
respectively. Bread was found to be the most consumed
bakery products among both types of families (79.5% in
working and 83.5% non-working) followed by biscuits
(76.5% in working and 70.5% non-working). The purchasing
of buns, cake and pizza bread among working women were
7.5%, 19 % and 14% whereas among nonworking families it
was 13%, 23% and 18.5% respectively. The significant
associations were observed between the purchasing pattern
of bread (p=0.000), biscuits (p=0.000) and cake (p=0.010)
with the educational status of working and non-working
women. The age group, family size, number of earning
members and monthly income of working and non-working
women did not show any association with the purchasing
pattern of bakery products.

Conclusion. Purchasing of bakery products was same in
both working and nonworking women. Among demographic
characteristics, education of women significantly affected
the purchasing pattern of bakery products.
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Introduction

Increasing urbanization, lifestyle changes, more number of working women and
nuclear families are some of the major factors leading to the rise in demand for processed
foods all over the world. Shift in economic power and demographics and empowered
consumers are expected to change consumer food preference. This trend is resulting in
greater consumer expectations with regards to safety, quality, integrity and traceability of
food across all emerging economics [1]. Consumption of bakery products was not in the
Indian culture; however with changing eating habits of the people and with rising western
influence on food consumption patterns, bakery products today have got takers from all age
groups in the country. Bakery products are items of mass consumption in view of its low
price and high nutrient value. With rapid growth and changing eating habits of people,
bakery products have gained popularity among masses. The sector typically constitutes
bread, cake and biscuits [2].

Bakery market research is a necessity because the knowledge of specific correlations
determines positive effects both for producers who can properly size the activities, and
consumers who can purchase their desired products in the quantities required, the price
appropriate for their purchasing power and in the preferred range [3]. Several scientists [4,
5, 6] have carried out studies on buying behavior and consumer preference of different
bakery products and its association with socio economic status of families. The average
expenditure on Biscuits has a positive relationship with innovative buying behavior, social
factors, health factors, lifestyle and pester power [6]. The demographic variables such as
age group, gender and occupation are having less impact on the factors of customer
satisfaction [5]. Various important factors that affect the behavior of the customer
consuming Biscuits are packaging, pricing, availability, quality, brand etc [7]. Taste was the
most important factor which affects the customers buying decision and least important is
nutritional value of the bakery products .The other important factors is the rate that changes
the mind of customers [8]. However, there are negligible studies carried out in Central India
on purchasing pattern of bakery products, particularly with reference to working and non
working women. Hence the present study was proposed to be carried out on purchasing
pattern of bakery products of working and non working women in Central India.

The objectives:

1. To study the socio-economic conditions of working and non-working women in

Central India.

2. To assess the purchasing pattern of bakery products by working and non-working
women of Central India.

3. To study the relationship between purchasing pattern of Bakery products and socio-
economic conditions of working and non-working women of Central India.

Materials and methods

The present study was conducted in Nagpur City of Central India, Maharashtra, India.
About 200 working and non-working women each were selected by judgmental sampling
method. The working women were selected from schools, colleges, hospitals and different
institutions. The non-working women were selected from Kkitty parties, temples, gardens etc.
A structured questionnaire was developed to assess the socio- economic conditions and
purchasing pattern of Bakery products. The questionnaire cum interview method was used
to elicit information. Data was tabulated and was analyzed statistically using SPSS version
17. Mean, Standard Deviation and Chi square test were computed and the Confidence
Interval was 95%.
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Results and discussion

Demographic profile of women

Table 1 shows distribution of working and non-working women according to their
demographic profile. The average age of working women was 39.39 + 6.15 years and that
of non-working women was 38.36 £ 5.7 years. The bakery products today have got takers
from all age group in the country [4]. The majority of working women (33%) were post
graduate with additional qualifications whereas majority non-working women were either
only graduate (34%) or post-graduate (34.5%). The working women were significantly (y*
=53.45, p =0.000) more qualified than that of non-working women. About 50.5% working
and 58% non-working women were from joint families. Also, majority of both working
(65%) and non-working (52.5%) women had 1 to 4 members in their families and a
significant association (y* =7.48, p = 0.024) was also observed between the working status
of women and family size. The number of earning members were significantly more ()’
=12.42, p=000) in working women’s family (73%) as compared to non-working (58.5%)
women. The average monthly income of working women was Rs. 38,125 + 19,550 and
non-working women was Rs. 40,625 + 20,825. The average income spent on food by
working women was Rs. 8465.5 + 5181.08 and non-working women was Rs.8625 +
4716.25. The average monthly income spent on processed food for working and non-
working women was Rs 1093.5 + 1126.94 and Rs 1029 + 972.60 respectively.

Purchasing Pattern of Bakery products

In the present era growing demand for the bakery products has become one of the most
important necessities in the life of the people. Bakery products have become popular among
different cross sections of population in recent years due to increased demand for
convenient foods. Among bakery products, bread and biscuits are the most popular
processed ready-to-eat food items in the country [9]. The purchasing pattern of bakery
products by the working and non working women of the present study has been presented
in Table 2.

According to Table 2 bread was found to be the most consumed bakery products
among both types of families (79.5% in working and 83.5% non-working) followed by
biscuits (76.5% in working and 70.5% nonworking). The purchasing of buns, cake and
pizza bread among working women were 7.5%, 19% and 14% whereas among nonworking
families it was 13%, 23% and 18.5% respectively. Though an insignificant association was
observed between the working status of women and purchasing pattern of bakery products
(p=0.293).
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Table 1

Number of Women

Demographic Workin; Non- Total
SN Parargnetlérs Category N=200g working
N =200
1 Age(Years)
30-35 63(31.5) 71(35.5) 134
3640 59(29.5) 70(35.0) 129
41-45 39(19.5) 30(15.0) 69
46-50 39(19.5) 29(14.5) 68
Mean Age M + SD 39.39+46.1 38.36+5.7
2 Qualification Undergraduate 14(7.0) 5(2.5) 19
Graduate 28(14.0) 68(34.0) 96
Graduate+ 54(27.0) 33(16.5) 87
Post Graduate 38(19.0) 69(34.5) 107
Post Graduate+ 66(33.0) 25(12.5) 91
3 Family Type Nuclear 99(49.5) 84(42.0) 183
Joint 101(50.5) | 116(58.0) 217
4 Family Size 1-4 members 130(65.0) | 105(52.5) 235
5—0 members 69(34.5) 91(45.5) 160
Above 10 1(0.5) 4(2.0) 5
members
5 Earning Members 1 member 17(8.5) 117(58.5) 134
2 member 146(73.0) 47(23.5) 193
above2 members | 37(18.5) 36(18.0) 73
6 Monthly Income(Rs) Up to 25,000 57(28.5) 43(21.5) 100
25,000-50,000 77(38.5) 71(35.5) 148
Above 50,000 66(33.0) 86(43.0) 152
M + SD 38,125+19,550 40,625+20,825
7 Monthly Income Spent on Up to 10,000 162(81.0) 164(82.0) 326
food (Rs)
11000 to 20000 35(17.5) 34(17.0) 69
Above 20000 3(1.5) 2(1.0) 5
M + SD 8465.5+5181.08 8625+4716.25
8 Monthly Income Spent on Up to 10000 149(74.5) | 159(79.5) 308
Processed Foods (Rs)
11000 to 20000 37(18.5) 28(14.0) 65
Above 20000 14(7.0) 13(6.5) 27
M + SD 1093.5+1126.94 1029+972.60
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Table 2
Distribution of women consumers according to purchasing pattern of bakery products
Bakery Products Working Wm;t:::n-working Total y*and p value

Bread 159(79.5) 167(83.5) 326
Buns 15(7.5) 26(13) 41 = 4938
Biscuits 153(76.5) 141(70.5) 294 -0 293
Cake 38(19) 46(23) 84 P
Pizza Bread 28(14) 37(18.5) 65

(Numbers in parenthesis indicates per cent cases.)

Bread

According to Indian Bakery Industry, bread is a hygienically manufactured and packed
snack food product available at comparatively cheap prices. Major consumers of bread are
people from the lower middle class. It is also the most commonly available bakery product
[2]. Though bread is not a staple food in the country, its consumption has increased over the
years. In India it is still a secondary staple food when compared to chapatti, puri or rice
/10]. Distribution of women of the present study according to demographic profile and

purchasing of pattern of bread has been presented in Table 3.

Table 3
Distribution of women according to demographic profile and purchasing pattern of Bread
SN Women 2
. - - x'and p
Demographic parameters Working Non-working value
N=159 N=167
1 Age in years
30-35 53(26.5) 59(29.5) ¥’ =1.685
3640 46(23.0) 56(28.0) p=0.640
40-45 33(16.5) 29(14.5)
46-50 27(13.5) 23(11.5)
2 Qualification
Undergraduate 12(6.0) 4(2.0) y'=48.526
Graduate 17(8.5) 58(29.0) p=0.000
Graduate+ 50(25.0) 30(15.0)
Post graduate 32(16.0) 55(27.5)
Post graduate+ 48(24.0) 20(10.0)
3 Family Size
1 to 4 members 100(50.0) 91(45.5) '=2.947
5 to 10 members 58(29.0) 73(36.5) p=0.229
11 and above members 1(0.5) 3(1.5)
Earning Members
4 | 1 to2 members 130(65.0) 138(69.0) ¥’ =1.506
3 to 4 members 24(12.0) 27(13.5) p=0.471
5 or more members 5(2.5) 2(1.0)
5 Monthly Income(Rs.)
<25000 43(21.5) 34(17.0) ¥’ =2.835
25000 to 50000 59(29.5) 60(30.0) p=0.242
>50000 57(28.5) 73(36.5)

(Numbers in parenthesis indicates per cen

—— Ukrainian Food Journal. 2017. Volume 6. Issue 2

t cases.)

369




Economics and Management ——

The result from Table 3 shows that the purchasing of bread in both working (26.5%)
and non-working women (29.5%) in 30-35 years of age group was highest whereas it was
found to be lowest in the 4650 years of group (working women 13.5% and non-working
women 11.5%). The general trend indicated that with an increase in age group of women,
there is a decrease in the purchasing of bread in the family. However an insignificant
association (32 =1.685, p=0.640) was observed between the age group of women and
purchasing pattern of bread in the family. Families exercise some of the most important
social and group influence on individual consumer decision. The fundamental demographic
forces of age, marital status and presence of children in the family can together place a
major role in shaping individual and point purchase behavior [11].

According to qualification, the usage of bread was found significantly more in non-
working graduate (29%) and graduate with additional qualification (25%) in working
women category. With the decrease in education level, the increase in purchasing of bread
was observed. The purchasing was found to be lowest in undergraduate category for both
non-working (2%) and working (6%) women. The purchasing of bread was significantly
associated (32 =48.526, p=0.000) with educational status of women. A study reports that
young generation mostly prefer the bakery product and they are mostly popular in urban
areas, due to awareness and literacy [9].

It was further observed that the purchasing of bread was highest in families with 1 to 4
members in both categories (50% in working women and 45.5% non-working women).
With the increase in number of family members, the decrease in purchasing of bread was
observed. Table 3 clearly depicts that there was negligible purchasing of bread in families
having more than 11 members in both working (0.5%) and non-working women (1.5%).
However, no significant association (¥2 =2.947, p=0.229) was observed between the
number of family members and purchasing pattern of bread.

While analyzing the data based on earning members in a family, it was found that most
of the consumers were from the families having 1-2 earning members in both working
(65%) and non-working (69%) women. It was also found that as the number of earning
members in a family increased the purchasing of bread decreased. For families having more
than five earning members, the purchasing was very minimal in both working (2.5%) and
non-working women (1%). But no association (y2 =1.506, p=0.471) was observed between
the number of earning members and purchasing of bread.

The consumers of bread were least in both working (21.5%) and non-working women
(17%) categories where the monthly income was less than Rs. 25000. The maximum
purchasing of bread based on income groups was found to be in Rs. 25000—50000 category
for working women (29.5%) and whereas in case of non-working women (36.5%) it was in
the greater than Rs. 50000 category. An insignificant association (y2 =2.835, p=0.242) was
observed between the monthly income and consumers of bread. The major consumers of
bread are people from the lower middle class and economically weaker segments
consuming more than 90 per cent of the bread industry’s total production. Bread is the
cheapest and basic instant food available for consumption [12]. The most important
amongst all is price of bread which decides whether to buy or not. Some people are very
particular about the colour, taste, flavour and texture of bread [8].

Buns

Burger is a salty bakery product and is made of buns and various vegetables. Burger is
a readymade product available immediately on demand and it needs no time to prepare.
India also has its share of fast food with Samosa, Vada pav, Parathas and various types of
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chats [13]. Distribution of women of the present study according to demographic profile
and purchasing of pattern of buns has been presented in Table 4.

Table 4
Distribution of Women according to Demographic profile and purchasing pattern of Buns

SN Demographic Women 2
Parameters Working Non-working | "and p value
N=15 N=26
1 Age (years)

30-35 2(1.0) 7(3.5)
36 -40 7(3.5) 13(6.5) =153
41 -45 2(1.0) 2(1.0) p=0.625
46 — 50 4(2.0) 4(2.0)

2 Qualification
Undergraduate 0(0.0) 0(0.0)
Graduate 2(1.0) 9(4.5) 2
Graduatet 4(2.0) 5(2.5) x =00
Post graduate 4(2.0) 10(5.0) P
Post graduate+ 5(2.5) 2(1.0)

3 Family Size
1 to 4 members 10(5.0) 15(7.5) =032
5 to 10 members 3(1.5) 6(3.0) _ 5'70
11 and above members 2(1.0) 5(2.5) P

4 Earning Members
1 to 2 members 14(7%) 22(11%) = 0.891
3 to 4 members 1(0.5) 3(1.5) _ 6'41
5 or more members 0(0.0) 1(0.5) P

5 Monthly Income(Rs.)
<25000 3(1.5) 2(1.0) 2= 1.561
25000 to 50000 6(3.0) 10(5.0) _ 4'58
>50000 6(3.0) 14(7.0) P

(Numbers in parenthesis indicates per cent cases.)

The study from Table 4 clearly shows that the usage of buns was very limited in both
working and non-working women categories. The purchasing of buns was found to be
highest in 3640 years age group in working (3.5%) and non-working women (6.5%). The
purchasing was lowest in 41—45 years age group of working women (1.0%) non-working
women (1.0%). An insignificant association (y2 =1.753, p=0.625) was found between age
groups and purchasing of buns.

The purchasing of buns was found to be more in non-working (5%) post graduate
women and working post graduate with additional qualification of women (2.5%). It was
observed that as the education level increases, the purchasing of buns also increases.
Though, insignificant association (y2 =5.896, p=0.117) was observed between the
purchasing of buns and qualification.

The purchasing of bun was highest for families having 1— 4 family members in both
working (5%) and non-working women (7.5%). As the number of family members
increase, the purchasing of bun decreases. No purchasing was found in families with more
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than 11 members, hence no significant association (%2 =0.322, p=0.570) was found between
purchasing of bun and family members. In Meerut Region, there is a healthy demand of
Burgers among the children, youths and adults due to its good taste, high calorific value,
easy accessibility and reasonable price. But like other bakery products its demand is
confined to urban areas [9]. Burger is most preferred Fast Food items by younger
generation which prove that they preferred Fast Food items because of its taste, variety and
quality which tells about their consciousness towards food [14].

The higher purchasing of bun was noted in families of working (7%) and non-working
women (11%) with less number of earning members (one to two members). As the numbers
of earning members increases the (more than five) the purchasing of bun decreases in non
working women (0.5%) and no purchasing was observed in more than five earning
members group. Although no association (y2 = 0.891, p=0.641) was established between
purchasing of bun and the number of earning members.

The purchasing of bun was higher in the high income group Rs>50000 in both working
(3%) and non-working women (7%) as compared to low income group Rs<25000 in both
working (1.5%) and non-working women (1%). It was found that as the income increased
the purchasing of bun also increased. However monthly income and purchasing of bun did
not show significant association (y2 =1.561, p=0.458) between them.

Biscuit

Confectionaries like cake and biscuits have vital importance among the public
irrespective of the age, sex and the preference of the individual in all parts of the world. So,
from childhood to retirement age every one of used to take biscuits as a delicious food
during morning and evening tea breaks. Children up to age group of up to a particular age
limit they consume more amount of confectionary items [4]. The Indian biscuit sector is
dominated by players like Britannia, Parle and Sunfeast brand [15]. From the Britannia
Good Day Biscuit research, it is inferred that majority of 54% respondents are consuming
Britannia biscuits and majority of 66% respondents coming under age group 15-25 years
are consuming Britannia biscuits and 70% of male are consuming Britannia biscuits. The
demographic variables such as age group, gender and occupation are having less impact on
the factors of customer satisfaction [5]. Distribution of women of the present study
according to demographic profile and purchasing of pattern of biscuit has been presented in
Table 5.

Above data from Table 5 clearly shows that the purchasing of biscuits was highest in
30-35 age group of working (24.5%) and 3640 age group of non-working women
(26.5%). The purchasing of biscuits was lowest in 41-45 age group of working (13.5%) and
non-working women (10%). However, no significant association (y2 =2.461, p=0.482) was
observed between the age group and purchasing of biscuits.

The purchasing of biscuits was found to be more for post graduate working women
with additional qualification (28%) and graduate non-working women (26%). Least
purchasing was found for the undergraduate women in both working (6%) and non-working
(2%) women category. It was observed that as the education level increases, the purchasing
of biscuits also increases. A significant association (¥2 =43.394, p=0.000) was observed
between the non-working women educational qualification and the purchasing of biscuits.
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Table 5

Distribution of women according to demographic profile and purchasing pattern of Biscuits

Women
SN Demographic Parameters Working | Non-working x* and p value
N=153 N=141

1 Age (years)
30-35 49(24.5) 43(21.5)
3640 45(22.5) 53(26.5) Y =2.46
40-45 27(13.5) 20(10.0) p=0.482
46-50 32(16.0) 25(12.5)

2 Qualification
Undergraduate 12(6.0) 4(2.0)
Graduate 20(10.0) 52(26.0) 2= 3394
Graduate+ 39(19.5) 24(12.0) —0 600
Post graduate 26(13.0) | 42(21.0) P
Post graduate+ 56(28.0) 19(9.5)

3 Family Members
1 to 4 members 98(49) 75(37.5) 375
5 to 10 members 54(27.0) 64(32.0) p=d 197
11 and above members 1(0.5) 2(1.0) )

4 Earning Members
1 to 2 members 123(61.5) 115(57.5) 2_337
3 to 4 members 24(22.0) | 25(12.5) XZO s
5 or more members 6(3.0) 1(0.5) P

5 Monthly Income(Rs.)
<25000 42(21.0) 30(15.0) 2= 3.703
25000 to 50000 58(29.0) 47(23.5) —0 i57
>50000 53(26.5) 64(32.0) P

(Numbers in parenthesis indicates per cent cases.)

The lesser the number of family members, higher the purchasing of biscuit in the
family and vice versa was observed. Likewise the purchasing of biscuit was more in the
family with one to four members in both working (49%) and non- working women
(37.5%). Purchasing goes down in family with 11 and more members in both working
(0.5%) and non working women (1%). However no association (x2 =3.755, p=0.153) was
observed between the family size and purchasing of biscuit. A study on factors influencing
consumer decision making process towards biscuits showed that parents and children were
more or less equally involved in decision making [16].

The highest usage of biscuit was found in families with one to two earning members in
both working (61.5%) and non-working women (57.5%). The lowest usage of biscuit was
found in families with five or more earning members in both working (3%) and non-
working women (0.5%). However insignificant association (y2 =3.377, p=0.815) was
observed between the earning members in the family and purchasing of biscuit.

The purchasing of biscuit showed different trends in working and non working women
in monthly income categories. The purchasing of biscuit was found to be increasing as the
income of the family increases. The purchasing of biscuit was highest in those families

—— Ukrainian Food Journal. 2017. Volume 6. Issue 2

373



Economics and Management ——

whose monthly income was in between Rs 25000 to 50000 of working women (29.5%) and
monthly income Rs. >50000 of non-working women (32%). No association (¥2 =3.703,
p=0.157) was observed between the monthly income and purchasing of biscuit. The
average expenditure on Biscuits has a positive relationship with Innovative buying
behaviour, Social factors, Health factors, Lifestyle and Pester Power [6]. The reason for
buying Sunfeast Biscuits is its quality and while few of them prefers it for its low prices.
About 39 respondents are consuming for its quality, 28 respondents prefer for its price, 23
respondents are consuming for taste, and 12 respondents prefer for its packages [17].
Various important factors that affect the behaviour of the consumer consuming biscuits are
packing, pricing, availability, quality, brand etc [7].

Cake

Cakes are used in all parties and on all happy occasions. Mostly the young generation
has developed the taste of this item. But the use of cakes is mostly confined to urban areas.
These are not very popular in rural areas due to its low accessibility. It is not available
everywhere except big bakeries [9]. Distribution of women of the present study according
to demographic profile and purchasing of pattern of cake has been presented in Table 6.

Table 6
Distribution of women according to demographic profile and purchasing pattern of Cake

SN Women
Demographic Parameters Working | Non-working * and p value
N=38 N=46

1 Age( years)
30-35 17(8.5) 20(10.0)
3640 8(4.0) 18(9.0) Y= 5.454
4045 7(3.5) 6(3.0) p=.141
46-50 6(3.0) 2(1.0)

2 Qualification
Undergraduate 3(1.5) 1(0.5)
Graduate 6(3.0) 16(8.0) 2
Graduatet 11(5.5) 5(2.5) e
Post graduate 4(2.0) 14(7.0) P
Post graduate+ 14(7.0) 10(5.0)

3 Family Size
1 to 4 members 24(12.0) 26(13.0) 2= 1.086
5 to 10 members 14(7.0) 19(9.5) _ 5.81
11 and above members 0(0.0) 1(0.5) P

4 Earning Members
1 to 2 members 30(15.0) 37(18.5) 2= 0.036
3 to 4 members 7(3.5) 8(4.0) _ 9'82
5 or more members 1(0.5) 1(0.5) P

5 Monthly Income(Rs.)
<25000 13(6.5) 9(4.5) 2= 2.895
25000 to 50000 14(7.0) 17(8.5) _ 2'35
>50000 11(5.5) 20(10.0) P

(Numbers in parenthesis indicates per cent cases.)
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The data presented in Table 6 shows the distribution of women and purchasing of
pattern of cake. The highest purchasing of cake was found for age group 30-35 in both
working (8.5%) and non-working women (10%). The lowest purchasing of cake was found
for age group 46—50 in both working (3%) and non-working women (1%). The purchasing
of cakes is more in the younger age group under consideration in this study and it goes
down gradually as we move to the elder age groups. However no association (2 =5.454,
p=0.141) was observed between the age group and purchasing of cake.

The purchasing of cake was found to be more in post graduate with additional
qualification of working (7%) and graduate non-working women (8%). Least purchasing
was found for the undergraduate women in both working (1.5%) and non-working(0.5%)
category. It was observed that as the education level increases, the purchasing of cake also
increases. A significant association (x2 =13.377, p=0.010) was observed between the non-
working women's educational qualification and the purchasing of cake. The education level
of the survey respondents predominantly shops customers who have a high school
education (52.7%). Most of the customers bakery is dominated by a student or students as
many as 89 people or 36.3 per cent, private sector employees 54 people, or 22 percent, self-
employed, housewives, other work and rest, which owns the smallest percentage of
employees the country as many as 10 people or 4.1 percent [18].

Purchasing of cake was found to be highest for families with one to four family
members in both working (12%) and non-working women (13%). Purchasing of cake was
found to be lowest for families with more than 10 family members in both working (0%)
and non-working women (0.5%). It was observed that as the number of family members
increased, the purchasing of cake decreased. However, no significant association (2
=1.086, p=0.581) was observed between the number of family members and purchasing of
cake.

Purchasing of cake was found to be highest for families with one to two earning
members in both working (15%) and non-working women (18.5%). Purchasing of cake was
found to be lowest for families with more than four earning members in both working
(0.5%) and non-working women (0.5%)category. It was observed that as the number of
earning family members increased, the purchasing of cake decreased. However,
insignificant association (y2 =0.036, p=0.982) was observed between the number of earning
family members and purchasing of cake.

Highest purchasing of cake was found to be for families with income between Rs.
2500050000 for working (7%) women. For non-working (10%) women the same was
found to be for families with income more than Rs.50000. Purchasing of cake was found to
be lowest for families with monthly income Rs. <25000 in both working (6.5%) and non-
working women (4.5%)category. It was observed that as the monthly income of family
increased, the purchasing of cake also increased. However, no association (y2 =2.895,
p=0.235) was observed between the monthly income of family and purchasing of cake.

Pizza bread

Pizza is a round shaped bakery product. It is the most common fast food popular
among the people especially the youths and the children. It is salty in taste. It is made in
many flavours such as cheese pizza, onion capsicum pizza, mushroom, pizza etc. It needs
various raw materials to prepare it. It is prepared on pizza base pasting cream on it and
adding vegetables, cheese, mushroom, spices sauce etc [9]. Distribution of women of the
present study according to demographic profile and purchasing of pattern of pizza bread has
been presented in Table 7.
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Table 7
Distribution of women according to demographic profile and purchasing pattern
of Pizza Bread

Women
SN | Demographic Parameters Working Non-working ¥* and P Value
N=28 N=37
1 Age (years)

30 -35 11(5.5) 10(5.0)
36 -40 8(4.0) 16(8.0) ¥ =2.886
40 — 45 7(3.5) 6(3.0) p=0.410
46 — 50 2(1.0) 5(2.5)

2 Qualification
Undergraduate 1(0.5) 0(0.0)
Graduate 6(3.0) 17(8.5) 2=7.133
Graduate+ 6(3.0) 4(2.0) 0 i29
Post graduate 7(3.5) 11(5.5) P
Post graduate+ 8(4.0) 5(2.5)

3 Family Size
1 to 4 members 12(6.0) 20(10.0) 2= 2.841
5 to 10 members 16(8.0) 15(7.5) -0 242
11 and above members 0(0.0) 2(1.0) P

4 Earning Members
1 to 2 members 18(9.0) 29(14.5) = 2.434
3 to 4 members 9(4.5) 8(4.0) -0 296
5 or more members 1(0.5) 0(0.0) P

5 Monthly Income(Rs.)
<25000 8(4.0) 3(1.5) ¥ =5.351
25000 to 50000 8(4.0) 10(5.0) p=0.069
>50000 12(6.0) 24(12.0)

(Numbers in parenthesis indicates per cent cases.)

Table 7 shows the distribution of women according to demographic profile and
purchasing pattern of pizza bread. The highest purchasing of pizza bread was found for age
group 30-35 in working (5.5%) women whereas in non-working women (6%) for 36-49
years of age group. The lowest purchasing of pizza bread was found for age group 46—50 in
both working (1%) and non-working (2.5%) women. However insignificant association (2
=2.886, p=0.410) was observed between the age group and purchasing of pizza bread.

It was found that the purchasing of pizza bread was more in non-working graduate
women (8.5%) and working post graduate with additional qualification women (4%). Less
purchasing was found for undergraduate working women (0.5%) and no purchasing was
found in non-working undergraduate women category. It was observed that as the education
level increases the purchasing of pizza bread also increases. Hence insignificant association
(x2 =7.133, p=0.129) was observed between the educational qualification and the
purchasing of pizza bread.

Purchasing of pizza bread was found to be highest for families with 5-10 family
members in working (8%) and one to four family members in non-working women (10%)
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category. No significant association (¥2 =2.841, p=0.242) was observed between the
number of family members and purchasing of pizza bread.

Purchasing of pizza bread was found to be highest for families with 1 to 2 earning
members in both working (0%) and non-working women (14.5%). However, insignificant
association (y2 =2.434, p=0.296) was observed between the number of earning members in
the family and purchasing of pizza bread.

The purchasing of pizza bread was found to be more for families with income more
than Rs. 50,000 in both working (6%) and non-working (12%) women. As the income of
the family increases, the purchasing of pizza bread also increases. Less purchasing of pizza
bread was found to be for families with income less than Rs. 25,000 for both working (4%)
and non-working (1.5%) women. The purchasing of pizza bread was insignificantly
associated (y2 =5.351, p=0.069) with monthly income for non-working women category.

Conclusion

The present study was undertaken to assess the purchasing pattern of bakery products
viz., bread, buns, biscuits, cake and pizza bread among working and non-working women
in Nagpur city. Bread was the most purchased bakery items followed by biscuits, cakes,
pizza bread and buns and did not show significant association with the working status of
women (p=0.293). The educational qualification of working and non-working women
showed significant associations with the purchasing of bread (p=0.000), biscuits (p=0.000)
and cake (p=0.010). Demographic characteristics viz., age, family size, earning members
and monthly income did not show any significant associations with purchasing pattern any
of the bakery products.
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same time goat milk, indigenous lactic acid bacteria and
fermented milk products with high biological properties are
main objects of research. Project intends application of
standard and innovative methods and processes.

Results and discussion. The scientific results, in particular
the expected technologies are absolutely innovative for the
Republic of Moldova and are in the framework of the UNICEF
recommendations for food and nutrition policy. InoBioProd
contribues to the development of investigations in the field of
food biotechnology, engineering technology, food chemistry
and microbiology, offering a high potential for application:
innovative methods for manufacturing of bioactive compounds
from local food sources; chemical composition and functional
potential of the bioactive compounds; characteristics of goat
milk; isolation and identification of lactic acid bacteria from
dairy products of spontaneous fermentation; symbiotic
indigenous cultures of lactic acid bacteria; justified scientific
manufacturing processes and recipes for fermented dairy
products from goat milk and scientific development of
methods for evaluation of the self-life of designed fermented
dairy products. Special attention of InoBioProd gives to the
elaboration of BSc, MSc and PhD thesis, dissemination of
scientific results at national and international levels.

Conclusions. The Project was developed under the main
provision of the local market - the lack of industrial production
of the goat milk and products. In addition, it aims to initiate,
develop and strengthen new collaborations of young scientists
from R&D and higher education institutions.
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Introduction

In many regions of the world, food industry follows similar trends: increasing
affluence, demographic changes and enhance consumer awareness of health. This trend has
led to increased demand for ingredients and natural food products. For this reason, food
industry experts are concerned on development of new, innovative products with
ingredients that have additional benefits. One of the present trends of consumers is a greater
consumption of foods with high content in biologically active compounds with positive
effects on health.

Likewise, consumer interest has increased for ,,clean label” foods, with low content or
without synthetic additives, but at the same time with high innocuity. InoBioProd proposes
the use of indigenous agrofood sources known to have antioxidant and antimicrobial
potential in order to improve food quality and durability and, therefore, food safety of
fermented dairy products from goat milk. In addition, InoBioProd is aimed to strengthen
scientific knowledge, promoting scientific cooperation and encouraging the interaction
between the research institution and higher education and the creation of a common and
shared scientific results, information and knowledge. Development of fundamental and
applied studies with a high impact on the field of food technology, valorisation of local
agrofood sources through innovative methods with the possibility of their use in
diversification of fermented goat dairy products is an important issue of the InoBioProd.

In the Republic of Moldova is observed upward trend in the herd of goats, which
currently lists about 120-130 thousand heads and produce about 70 thousand tons of milk
annually. Goat milk has a promising source of protein, vitamins, minerals and fatty acids
[2, 4, 7]. Goat milk has better digestibility, reduced allergenicity, due to the low content of
lactose [11, 15]. From goat milk usually obtain butter, yogurt, sour milk, catic. Fermented
dairy products has delicios sensory properties, fine consistency and pleasant specific taste.
In the Republic of Moldova goat milk is not used at industrial level and in the markets
those dairy products from goat milk is absent. Currently Moldova has no scientific results
about goat milk processing.

Internationally the theme proposed for research is carried out on the preparation and
optimization of manufacturing technology of yogurt from goat milk [3, 10, 20]. There are
also conducted research on the analysis of physical-chemical, microbiological and sensorial
properties of yogurt from goat, bovine and cow milk [9, 13, 23]. There are comparative
study on influence of the incorporation of synthetic and natural preservatives on the yogurt
characteristics [6]. Some researchers conducted studies regarding the improvement of the
properties of goat milk yogurt by adding aromatic oils and plant [1]. The study conducted
by scientists from Bulgaria showed the possibility of yougurt supplimentation with fruit
juice [5]. Documented results are aimed to understand the correlation between fortification
with shell pineapple and physico-chemical and rheological properties of yogurt with
probiotics [21]. The results of researchers from Sri Lanka have shown that incorporation of
beetroot juice can be an insight to improve the characteristic organoleptic properties of goat
milk [8]. A group of scientists studied the effect of Cinnamomum verum yogurt
fortification with Allium sativum and the bifidobacteria [24]. The level of applied
knowledge about technology production of yogurt from goat milk and nutritional properties
in our country is lower compared to other developed countries.

The research team has already achieved certain results in the field (scientific results
have been disseminated in research journals and communicated at different scientific
events) [16-19]. Scientific and research activities planned under the Project InoBioProd is
strictly necessary to extend these achievements and obtain some of innovative elements of
research.
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Integration of the Republic of Moldova into the European Union imposes special
requirements on the quality of food products in the country. Increased worldwide demand
for goat milk production due to impressive health benefits [22, 25]. Ministry of Agriculture
and Food Industry of the Rpublic of Moldova also notes the need of manufacturing of
these products on industrial scale, and lack of advanced technologies, normative documents
regarding the quality and safety of those products in accordance with international
regulations.

InoBioProd Project provides the development and further research with impact in
valorisation of goat milk through innovative methods [12, 16]. In particular, it is planned to
develop and diversify fermented dairy products with indigenous lactic acid bacteria with
characteristic symbiotic and bioactive compounds with functional potential (Table 1).

InoBioProd research Project solves scientifical and practical problems. Project research
team includes young competent specialists in organizing and conducting investigation. A
strong innovation potential resulting from large-scale approach to technology development
of fermented dairy products with high biological properties, due to the direct colaboration
of specialists in food technology, biotechnology and microbiology.

Potential Activities of InoBioProd

The Project facilitate the development of science in the field, ensure increasing of
research capabilities, innovation and dissemination of obtained scientific results and
strengthening scientific collaboration of young researchers from R&D and higher education
institutions.

Reseachers use obtained bioactive compounds from local agrofood sources in the
manufacture of fermented dairy products from goat milk with indigenous lactic acid
bacteria. The InoBioProd potential activities are organized in 4 Work Packagies, each
managed by a work package leader responsible for the outcome and timing of its work
package (Figure 1).

The figure 1 shows the graphical presentation of the four WPs and their
independencies. WPs include also the main outputs, which will be obtained thanks to the
planned activitiess. Relationship with Scientific and Practical Institute of Horticulture and
Food Technologies (SPIHFT) and Technical University (TUM) are also highlighted.

Methods and experimental protocols

The research is organized into special teams according to the activity directions. The
Project is designed with technological, physico-chemical, biochemical and microbiological
standard methods, in accordance with the ISO (Official Methods of Analysis of AOAC
International). Statistical method, including the analysis of experimental data by means of
control charts X-R, S?, and other methods are applied. The Project applies new methods and
processes (Figure 2).
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Table 1
Strategies of the InoBioProd Project

The Project is oriented for production (from laboratory to

Concept market).
Elaboration of methods, technologies and technical regulations
for fermented dairy products from goat milk.
Project includes strategic direction of development of
innovative and competitive food product with positive
implications on consumer health.
Bioactive compounds from local food sources.
Objects Goat milk.
Indigenous lactic acid bacteria.
Fermented dairy products with high biological properties.
Fabrication and characterization of bioactive compounds from
Objectives local vegetal sources using innovative techniques.
Isolation, selection and testing of new indigenous lactic acid
bacteria for fermentation of goat milk.
Development of technology to produce yogurt from goat milk.
Recipes and technological flux that keep native and curative
nutritional properties of goat milk.
Testing functional potential of bioactive compounds on the
quality and self-life of yogurt.
Evaluation of the quality characteristics of yogurt from goat
milk. Safety and inoffensiveness properties.
Establishing the self-life of yogurt. Methodology for the
evaluation of yogurt shelf-life.
Preparing young specialists/researchers in the field of
biotechnology, engineering technology, quality and safety
through the development of BSc, MSc and PhD theses.
Advanced Processing of local food sources to obtain bioactive
Ideas and compounds with functional potential.

original features

Use of lactic acid bacteria with symbiotic characteristics from
indigenous sources.

Creation of fermented dairy products from goat milk with high
biological properties for consumers benefits.

Interdisciplinary
character

Novelty and unique methodological approach of the Project
consists in different fields of application (biotechnology,
engineering technology, chemistry, microbiology) to obtain
original data for the creation of innovative product.

Project team consists from young researchers of different
profiles that will ensure a comprehensive approach in goals
achievement.

The Project intends collaboration of young and experiensed
researchers in the field of food industry.
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eRational selection of food sources;
eElaboration of technological scheme for obtaining
bioactive compounds from selected food sources;

indigenous food
sources by
innovative methods

WP 2
Collection and
assessment of goat
milk for yogurt
manufacture with
high content of
bioactive

WP 3
Technology

compounds

WP 4
Evaluation of
quality properties
and self life of the
goat milk yogurt
with high content of
bioactive

eElaboration of technological flow stages of

elaboration of the manufacturing of goat milk yogurt with high
goat milk yogurt content of bioactive compounds;

with high content eImplementation of laboratory scale manufacturing

of bioactive technology of goat milk yogurt with high content

eDetermination of the optimum parameters for

obtaining of bioactive compounds;
eSamples of bioactive compounds obtained on the
pilot plant.

NN

eBiochemical evaluation of local goat milk;
eldentifying and selecting strains of lactic acid
bacteria for fermentation of goat milk;
oCreating compositions of selected strains to obtain
starter culture for goat milk yogurt with high
content of bioactive compounds.

7> &

of bioactive compounds.

N

eSensory, physical, chemical and microbiological
analysis of goat milk yogurt with high content of
bioactive compounds;
elmpact assessment of the quality properties of the
elaborated goat milk yogurt on consumer
perception.

f =2

Figure 1. Main stages of realization of the InoBioProd
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[ Research methods and experimental protocols ]
A v
[ Areas ] [ Methods and processes ]
e . 2\ 4 )
Elaboratlon. of methqd s f or Evaluation of the functional
| »| manufacturing of  bioactive —>! properties of bioactive
compounds from indigenous compounds
\agrofood sources ) _ P )
] - N 4 N
Chemical composition and Obtaining local lactic acid
—®| functional potential of obtained —P| bacteria  for  goat milk
bioactive compounds fermentation
- J - J
qsolation and identification OP /Establishment of speciﬁc\
—» lactic ~ acid ~ bacteria  with — technological features for goat
symbiotic ~ properties from milk yogurt procedures
\natural sources ) _ )
[Development of fermented dairy\ (Assessment of correlation\
| | products from goat milk with || between the chemical
indigenous lactic acid bacteria composition and sensory
\and bioactive compounds ) \properties of the product )

)

Characteristics and self-life of
fermented diary products with
high biological properties

- J

)

-
Stimulation of the partnership

between private companies,
TUM and SPIHFT institutions
. J

Figure 2. Research areas, methods and processes of InoBioProd

Expected scientific results

InoBioProd Project contribues to the development of investigations in the field of food
biotechnology, engineering technology, food chemistry and microbiology, offering a high
potential for application:
Innovative technology for manufacturing of obtained bioactive compounds from

384

local sources;

General characteristic of functional potential of bioactive compounds;
Scientifically justified process for producing of goat milk yogurt with high

biological properties;
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- Sensorial, physico-chemical, structural and microbiological properties of
developed yogurt;
— Technical regulations for goat milk yogurt.

However, manufacturing technology of goat milk yogurt by using original physical and
chemical methods is a perspective direction that has a real potential for patenting.
Unordinary solutions for resolving actual problems are expected. Real objects for patent
present know-how, intellectual property of authors. It is obvious that the degree of patent
and intellectual capacities depend on the level of special knowledge and fundamentals of
young researchers, the ability of creative thinking, problem solving skills in biotechnology,
engineering and microbiological analysis. Predicting the level prior patent is planned based
on the preliminary results of the team, the dynamics of obtaining these results, the number
of patents remain in force, whose authors are members of the team, the number of patents
can be estimated:

— Patents regarding to processing technologies of raw materials 1-2 patents;

— Patents regarding to elaboration of food products 1-2 patents.

We note that this "account" number of patents do not appreciate their quality
parameter, which we consider basic to any business, especially the scientific research.

Benefits of InoBioProd

The Project contributes to the diversification of food technology through valorisation
of emerging technologies to meet the demands of consumers. The Project induces increased
use of existing infrastructure, improves documentation and scientific information on basic
and applied research in the field of food quality and safety, helps to explore human,
research and development resources. The most valuable results are planned to be
implemented partially at specialized university courses. Benefits of the InoBioProd Project
have several areas (Figure 3).

The InoBioProd Project contribute significantly in the training of young researchers
through obtaining team building skills for planning and conducting scientific researches,
accumulation of new knowledge, obtaining and dissemination of scientific results. To
increase participation and capacity of team building of young researchers in the Project are
intended to finish PhD thesis of team members.

Realization and defending of PhD thesis in the frame of InoBioProd Project will
increase the number of young researchers with scientific grade and respectively national
competitiveness of internationalization and participation in different international programs,
including the Framework Programme H2020.

385
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Science Technology
Functional potential of bioactive .

p . Innovative technology for the
compounds  from  indigenous
SOUrees: manufacture of fermented goat

Goat milk products with high
biological properties;

The quality and quantity of
scientific results: BSc, MSc and
PhD theses, articles, participation at
the conferences, initiating new
projects

dairy products with high biological
properties;

Technical regulations for designed
products

v

A

Society & Economy

Colaboration & Development

Valorisation  of indigenous
agrofood sources;

Food produtcs of high quality from
goat milk, allow to improve the
image of the Republic of Moldova
as a country-producer;

Increase  competitiveness  and
attract investors, improve

conditions of life

Encouraging scientific research of
young specialist at the SPIHFT;
Creation of a basis for inter-
institutional collaboration between
SPIHFT and TUM,;

Strong team building of young
researchers, which allow to open
new research directions

v

Figure 3. The Benefits of InoBioProd

Application of InoBioProd

Moldova are private.
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Considering the importance of fermented dairy products from goat milk, which are in
demand on internal and external markets, elaboration of the technological process for
manufacturing of the products is necessary. Developed processes for the production of
yogurt from goat milk with high biological properties will be approved in the Laboratory of
Food Biotechnology of Scientific and Practical Institute of Horticulture and Food
Technology and Scientific Centre for Training and Technology Transfer in Food Industry
of TUM in the frame of "Etalon" enterprise. Application of the results on a large scale will
be possible in case of producers motivation for investment in manufacturing new developed
products, because all economic units, dealing with dairy production in the Republic of
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At the first stage of research results implementation, potential beneficiaries are small
private enterprises (II and SRL) from the filed of dairy technology. Furthermore, the
volume of internal production of goat milk allows loading of enterprises of SA "JLC" type
with high volumes of work.

Application of InoBioProd Project results in research and education is a step of major
importance. The results will be included in the cycle of lectures, seminars and laboratory
works for training in higher education, first and second cycle disciplines: Dairy
Technology, Food Biotechnology, Food Chemistry, Physical Chemistry (Figure 4).

[ Fields of application of the InoBioProd ]
\ 4 \ 4 \ 4
[ Education ] [ Research ] [ Economy ]
4 N ( ] ] ] ) ( 2\
1| Engineering and N Blologlcal Sciences p|  Dairy product
Quality Management - Microbiology obtaining
\_ ) & J & J
4 h (‘Science Chemistry\
> Food Technology Ly - Food Chemistry, (. )
Physics, Analytical, | Tertiary education
\ J S Organic ) L )
Industrial q . h
Biotechnology i Industrial ( )
L ) L Biotechnology ) lp|  Postgraduate
s N \ J
Technology and Engineering
»{ Management of " Sciences and
L Public Catering ) Technologies

Figure 4. Application of InoBioProd

Perspectives and further research

Effective methods for bioactive compounds obtaining, identifying indigenous lactic
acid bacteria, developement of yogurt with high biological properties and analysis of
scientific results contribue to training and development of young researchers in the field.

During the Project work there is build a team of young researchers with high-potential,
their results create perspectives for further research in the frame of the European
Partnership for innovation and technology, increase competitiveness through creation of
opportunities for new consortia (units, scientific researchers - businesses) to develop new
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improved technologies to increase the added value of technology at enterprises. In addition,
this create opportunities for international collaboration through achieving top results, with
prospects for marketing of new products.

The Project contributes to the diversification of food technology through valorisation
of emerging technologies to meet the demands of consumers. The Project induces increased
use of existing infrastructure, improves documentation and scientific information on basic
and applied research in the field of food quality and safety, helps to explore human,
research and development resources. The most valuable results will be implemented at
specialized university courses.

Conclusions

Consumer interest for potential health benefits of a proper alimentation has led to a
growing importance of the relationship between diet, specific food ingredients and health.
Through the InoBioProd, it facilitates the development of science to solve some problems
in this field, ensures increased research capabilities, innovation and dissemination of
obtained scientific results and strengthens scientific cooperation of young researchers of
R&D and higher education institutions of the Republic of Moldova.

InoBioProd is planning to elaborate methods and recommendations on technological
regimes for manufacturing of bioactive compounds from agrofood sources; technological
scheme for obtaining of bioactive compounds; evaluate characteristics of nutritional,
antioxidant and antimicrobial potential of samples of bioactive compounds and propose
procedures and recipes justified scientifically regarding the manufacturing of yogurt with
high biological properties according to the international regulations on food processing.
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AHoTaiil
Xapuosi TexHonorii

InayxkoBaHuii BIVINB HUISIXOM OKHCHEHHSI IEPMAHIaHATOM KAaJlil0 Ha TeIIoBi,
MOP(OI0TrivHi, KOJTOPUMETPUYHI Ta CKJICIOBATbHI BJIACTHBOCTI KYKYPY/I351HOTO
KPOXMAJII0

Cumone Po3a na Cinsetipa Jlazzaporto, Kamina [emincki ber,
INonsauna Cinseiipa XopuyHr, Mapceno Jlaz3aporro, Eron IHiTIep
Jepoicasnuti ynisepcumem Ilonma I poccu, m. [lonma I pocca, bpasunis

Beryn. HarypanbHi kpoxmaili € HaiOiIbII CIIOKUBAaHUMU TIOJTiCaxapuiaMy B pallioHi
JMIOAWHA. BOHM BUKOPHCTOBYIOTBCS B DSl raimy3eil INPOMHCIIOBOCTI: XapuyoBii,
TEKCTWIBHIH, (apMmaueBTHyHild Tomo. OmHak 4epes3 neski OOMEKEeHHS KpoxXmalli MaloTh
OyTu MoaM(iKOBaHI XiMIYHO.

Marepianu i meromu. KykypymssHuii Kpoxmanb, MoAu(iKOBaHHHA CTaHIAPTHUMHU
po3unHamu TiepMaHranaty kamiro (KMnQ,), aHamisyBaqw 3a IOIMOMOIOK OJHOYACHOTO
TEPMOTPAaBIMETPHUYHOIO  TU(PEPEHINATFHOIO TEPMIYHOIO aHaji3y, aUQepeHIlaTbHOl
CKaHYIOUOi KaJOpUMETpii, IBUAKOrO BiCKOamisiorpadiuHOro aHami3y, MoJbOBOI eMiCiiHOT
rapMaTHO-CKaHYIOUOi  €IEeKTPOHHOI MIKpPOCKOMiI Ta EeHepPreTMYHOi JMCHepCiiHOI
creKkTpockomii, qudpakuiiHol peHTreHOAU(paKIii Ta KOJIOPUMETPHYHOTO aHai3y.

Pesynbratn i o6roBopennsi. KykypymssHuili kpoxmanb oxucmoBaBcst KMnO, B
pisuux xonnentpauisx (0,01, 0,02 i 0,05 moms mol L) 3a pH 6,0 nporsrom 1 rogusm.
[Micns  pinbTpyBaHHs, npoMuBaHHs 1 BucymyBanHs 3a 40 °C mporsrom 24 rojauH,
JIOCHI/DKYBAIMCh ~ BIIACTUBOCTI  3paskiB.  TepMorpaBiMETpH4Hi  KpHBI  ITOKa3alld
€HJIOTepMIUHHH ITiK, MOB'I3aHUI 3 BUIIAPOBYBAHHIM BOAM Ta JIBa €K30TEPMIYHMX ITiKH, SIKi
BiJTHOCATHCS [10 PO3KJIQJaHHS 1 OKHCJCHHS OpraHiyHOl PEYOBHHHU IO YTBOPEHHS 30JIH.
CrioctepiraBcst  mepiofy CTaOUIBHOCTI, SKMHA  3MEHIIYBaBCS  Mmicisi  MoauQikarlii.
XanaruHizamis OKHCIEHOTO KpOXMallo BimOyBaiacsi 3a OUIBII BHCOKMX IIKOBHX
TemnepaTyp. B'S3KicTh 3pas3kiB Oyiia 3HAYHO 3MEHINCHA, a BiJHOCHA KpPUCTAIIYHICThH
30iblIyBaacs MpOMOPIiHHO BUKOPUCTaHI# KOHIIEHTpAIlil OKHCIIoBaYa. BMicT MapraHiio
1 xauito mij yac mMoxaudikauii 30umbiryBaBcs. [licns okucieHHsT MOpQONOriyHi 3MiHH He
CriocTepirajucsi, OJHAK MOTEMHIHHA 3pa3KiB BigOyBasocs 4epe3 HAasBHICTh KaJilo 1
MapraHifio, BUSBICHUX 32 JIONOMOTOI0 eHepreTHYHo aucnepciinoi criekrpockorii (EIC).

BucnoBok. OTpriMaHa TeKyda Iacta 3 HU3BKOIO TEHJIEHIIIEI0 PeTporpaaanii cBiquuTh
PO JOIUIBHICT 3aCTOCYBAHHS OKUCICHOTO KPOXMAJTIO B PI3HUX Tay3sX IPOMHCIOBOCTI.

Kunro4doBi citoBa: kpoxmans, Kykypyosa, OKUCIEHHS, NepMAH2AHAN KATTO.

MeTon0/10risi NPUCKOPEHOT0 KOHTPOJIIOBAHHA i 3a0e3Me4eHHs CAHITAPHOI IKOCTi Ta
0e3MmeKu Xap4oBHUX MPOAYKTIB

1 1 2
Inna [Mwmnenko , Jlronmuna [Tunmunenko , ['anna SImMOopko”, OneHa Jaumnosa’
1 — O0decvka nayionanvra akademis xapuosux mexuonozit, Odeca, Ykpaina
2 — Ooecwruil Hayionanvrull yuisepcumem im. 11 Meunukosa, Odeca, Yxpaina
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Beryn. Oxapakrepu3oBaHO MiKpOOiOJIOTiYHI KpHUTEpii, siKi 3a0e3nevyroTh CaHiTapHY
SKicTh 1 Oe3leKky XapuoBMUX TMPOAYKTIB, METOAW ineHTH(]iKalii periaMeHTOBaHHUX
MIKpPOOpPIaHi3MiB, aKTyaJIbHICTh IMPUCKOPEHOTO MiKpOOiOIOTiYHOrO KOHTPOJIO Oe3MeKku
Xap4oBUX MPOJYKTIB.

Martepianu i meTomu. J{ocmiKyIOTBCSI METOIONOTIS OIIIHKK O€3IIEYHOCTI MTPOIYKTIB
Ta KJIAcW4HI W TNPHUCKOPEHI METOAW BHU3HAYEHHS PErIaMeHTOBAHHX MIiKpOOiONIOrivyHUX
MOKa3HUKIB, SIKi 1MeHTH(]IKYIOTh HasBHICTh TEPMOCTIHKMX 30yJHHKIB XapyOBUX
3aXBOPIOBaHb. AHAJITUYHI JOCTI[DKEHHS BUKOHAHI HAa OCHOBI CyYacHHX JITEpaTypHHX
JOKEpET 1 BIIACHUX PE3yNbTaTiB.

Pe3yabraTu i 06roBopennsi. OxapakTepu3oBaHi MiKpoOioIOriuHi KpUTepii Ta BUMOTH
JI0 MIKpOOioNoriyHOi Oe3MeKr XapuoBUX NPOJYKTIB. AHAI3 Cy4acHHUX BHMOI [0
caHiTapHOi ~O€3MEeKH XapuyoBHX IPOAYKTIB IOKAa3aB HEOOXiJHICTH IMPOBEIECHHS
MIKpOOIOJIOTiYHOTO KOHTPOJIIO HAasIBHOCTI TEPMOCTIMKHX MiKpOOPTaHi3MiB — MOTEHI[IHHUX
30yHUKIB Xap4OBHX 3aXBOpIOBaHb. HaBeneHO BHUAM MIKpOOpraHi3MiB, IO TPAAUIIHHO €
OCHOBHMMH B OIliHINI 1X caHitapHoro ctany — Clostridium botulinum, Bacillus cereus,
Clostridium perfringens, Staphylococcus aureus. BusHaueHo (¢GeHO- 1 TEHOTHUIIOBI
BJIACTHBOCTI KPHUTEPiaJbHUX MIKPOOPraHi3MiB — TMOTEHIIHHUX 30YyIHHUKIB Xap4OBHX
iH(peKIid 1 oTpyeHb. JIOCTIIPKEHHS METOMOJIOTIT 1 CIIOCOOIB KOHTPOJIIO PErIaMEHTOBAHHUX
MIKpPOOpPraHi3MiB MOKa3aJ0 HEIOCTATHICTh 1 HETOYHICTh iX (PEHOTHIIOBOI NIarHOCTHKU Yy
3BSIBKY 31 CXOXICTIO MOp(O-TiHKTOPiaJbHUX BIACTHBOCTEH BCEPEIMHI OKPEMHX TpPYII,
HETMOCTIMHICTIO psAny 010XiMIYHMX MOKA3HHKIB, CIa0KMMH aHTUTEHHUMH BIIACTHBOCTSIMHU
JIeIKUX TOKCHHIB, MOSIBOI0 HOBUX METa0OJIYHUX OCOOJMBOCTEH, MOB'SI3aHUX 31 3/IaTHICTIO
CHHTE3yBaTH TEHHM TOKCHYHOCTI MIKpOOpraHi3Mamu, sIKi TpagullifHO BBa)KaJUCs
HEMaTOreHHUMH, TPYJIOMICTKICTIO 1 TpPUBAJIICTIO aHalizy. [ eHOoTWnoBa MJiarHOCTHKa
MIKpPOOpPraHi3MiB 3 BHKOPUCTaHHSM Cy4YacCHHX MOJEKYISIPHO-TEHETUYHUX METOMIB 1
METOMOJIOriH, Ha BiAMIHY Big (EHOTUNOBOI, 3a0e3meuye TOYHICTh iAeHTH(IKaIii,
MOXIIUBICTh MOHITOPUHTY 1 IIPOrHO3YBaHHS IOBEIIHKU 30YIHHKIB Xap4yoBHX iH(EKILiH i
TOKCUKOIH(EKIIH B MPOAYKTaX MpPH OIIHII MiKpOOIOJOTIYHOIO PH3HKY, Aa€ 3MOTY
3MIHCHUTH TIPUCKOPEHUI MIKpOOIOIOTiYHHH KOHTPONb OE3IEKH Xap4yoBHX IPOIYKTIB 3
ypaxyBaHHSIM OCOOJIMBOCTEH IX CKJIAy 1 BIACTUBOCTEH, € HAJAIHUM METOJIOM CaHITapHOTrO
KOHTPOJIIO.

BucnoBku. MonexkyisipHO-T€HETHYHA JIIarHOCTHKA 30YTHUKIB Xap4OBHX 3aXBOPIOBAHb
€ TIEPCIIEKTUBHUM IIPUCKOPEHUM METOJIOM BU3HAYECHHS OE3MEKH Xap4OBHUX MTPOIYKTIB.

KurouoBi ciioBa: xapuosuii npodykm, canimapis, 6esnexa, koumpoinw, IL/IP.

IHopiBHsiHHS 6i0J10TiYHOT IHHOCTI | TEXHOTOTIYHUX BJIACTUBOCTEN OLIKIB HACIHHS
OJIiHHMX KYJBTYP

Tamapa Hocenko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Metoro qocimiukeHHs: OyB MOPIBHAIBHUN aHAIIi3 BIACTHBOCTEH OLNKIB HACIHHS
OCHOBHUX OJIIHHHUX KYJBTYP (COHSIIHUKY, COi Ta pilaKy), 0 BUPOLIYIOTHCS B Y KpaiHi.

Marepianu i meromm. i BU3HAYECHHS BiJHOCHOI OlOJNOriYHOI IIHHOCTI Ta
TOKCHMYHOCTI  OUIKOBHUX MPOAYKTIB BUKOPHCTOBYBAJIM TECT-KYJIbTYpy iH(Y30pit0
Tetrachimena piriformis (utam WH-14). EMynbryBaibHy 3/1aTHICTh OIJIKIB BH3HAYaJIH 32
MaKCHMaJIbHUM 00'€MOM €MYJIbIOBaHOi OJii CTOCOBHO JI0 MacH OiJika, MiHOyTBOPIOBAJIbHY
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— sK BiJHOIIEHHA 00'eMy YTBOPEHOI 3a CTaHJAPTHHX YMOB MiHH JO 00'eMy OiIKOBOI
CycIieHsii.

Pe3ynbraTi i 00roBopeHHs. 3TiqHO 3 ONCPKAHMXMH JaHUMH, OiOJOTiYHA IIHHICTH
coeBUX OUIKIB OOMeXeHa BMICTOM CIPKOBMICHHX aMiHOKHCJIOT METIOHIHY Ta LUCTUHY
(2,1% Bin 3aranpHOro BMicTy). IX BMicT ckiamaB jmume 60% 3a mkamo ®AO/BOO3.
Bionoriyna wniHHICTH OINKIB HACIHHSA COHSLIHMKY Oyia JIMITOBaHa BMICTOM TPbOX
aMIHOKHCIIOT — CIPKOBMICHHUX aMiHOKHCIIOT METIOHIHY 1 HMCTHHY (CyMapHHH BMICT —
1,6 %) Tta mizuny (3,0% Bim 3araapHOro BMICTY). BMicT OUIBIIOCTI He3aMiHHHX
aMIHOKHCIIOT y OiIKax HaciHHs pinaky npuOiIu3HO Ha 8—57% BUIIMH, HIX B ieaJbHOMY
6inky ®AO/BOO3. BHHATKOM € JHIIe BaliH 1 i30eHuuH, CKOp SKUX cTaHOBHUB 80—85%.
CKop CIpKOBMICHHX aMiHOKHUCIIOT y piakoBOMY OiKy craHoBuB 157,1% miomo mkanu
®AO/BOO3. Cepen nocmipkeHUX OLIKIB 1301b0BaHI OUTKH HACIHHS PillaKy MaJId HaWBUIL
TEXHOJIOTIYHI BJIACTMBOCTI: 1X pPO3YMHHICT, cTaHOBWIa Bix 16,4 mo 38,6% 3a pi3HHX
3HaueHb pH, Bonorosp's3yBanbHa 3maTHICTE — 211%, omie3s'ssyBambHa — 130%,
eMynbryBanbHa — 140 cM’/r, miHOYTBOprOBaibHA — 122%.

BucnoBku. [locmimkeHi O1IKOBI 130T HACIHHS OJIIHHUX KYIBTYp (COI, COHSIIHUKY 1
pinaky) He MaJd TOKCUYHOCTi. PimakoBi OIJTKOBI 130JSTH Majid HAaWBWIINY BiTHOCHY
010JIOTIYHY IIHHICTH 1 TEXHOJIOTIYHI BJIaCTUBOCTI.

KurouoBi cioBa: consunux, pinax, cosi, OilokK.

BruiuB 3Hecos1eHHsI BOAY 3BOPOTHUM 0CMOCOM Ha MPOLeC YTBOPEHHS BOIHO-CIIMPTOBUX
cyminei. "H SIMP pocaigxenns

Oner Kyssmin', Cepriii Cyiixos, OnexcauapaHemipiu', Ipusa/litpix', Ipusa Crka'
1 — Hayionanvnuii ynieepcumem xapuosux mexvonociu, Kuis, Yxpaina
2 — Incmumym ¢hizuxo-opeaniunoi ximii ma eyeneximii imeni JI.M. Jlumsunenra
HAH Yxpainu, Kuis, Yxpaina

Beryn. Meroto myOmikamii € JOCTIDKEHHS BIUIMBY JIeMiHEpai30BaHOI BOIH
3BOPOTHAM OCMOCOM Ha Jpeiid MpOTOHIB €TaHOIYy i BOIU, a TAKOXK CTAOLTI3aIiI0 ITUX
cucTeM 3a 0noMoroo ' H AMP crieKTpocKorii.

Marepiann i metoan. 'H JMP auanis npoBoauscs 3 Bukopuctanusm: Dyp’e-JMP-
cnekrpomerpa Bruker Avance II (400 MI'm); cremiaspHOro Kamiyisipa 3 aneToHOM-dg;
ammyn Ne507-HP BHCOKOro po3mijIeHHsS; 103aTopa; CIUPTY €THIOBOTO PEKTH(IKOBAHOTO
(CEP); BoaH, neMiHepasti3oBaHOI 3BOPOTHUM OCMOCOM; BOJHO-cnupToBHX cymimei (BCC)
i3 CEP i neminepanizoBaHoi BOzu.

PesynbraTi i odroBopenHsi. BcranorieHi HOBi edekTr B mporeci crBopeHHs BCC,
sIKI TIOB’sI3aHi 3 JIeMiHepalli3alliel0 BOAM 3BOPOTHHUM OCMOCOM. 3MiHa XIMIYHHX 3CYBIB
MPOTOHIB €TaHoiy 1 Boau B mporeci ctBopeHHss BCC cBiqUuTh NMpO CKIAAHY TUHAMIKY
MIPOLIECIB TOCATHEHHSI piBHOBAark B cymimi. B iHTepBaini 4acy Bix 0 mo 434 roauH micis
3MIlTyBaHHs, NPH TOCTiHHIA KoHIeHTpawii crmpry (Mminaicte BCC — 39,92% 006.) i
TepMocTaTyBaHHI cucreMu (t=+23,5°C), He BimOYBa€ThCS «BITHOBICHHS» IONOKCHHS
CUTHAIY TiApOKCHWIbHOrO TporoHa (OH) eraHony. XapakTepHOIO PHCOK JTOCITIIKCHHX
CHUCTEM € Te, IO CHWTHaJU TiAPOKCHIBHOrO TpoToHa eraHony (EtOH) i Bomu (H,0)
nporaroM inTepBany =12-432 h (0gor=4,93-5,01 ppm; 0y20=4,33-4,41 ppm) MoxHa
CIOCTEpIraTé OKPEMO OJUH BiJl OHOTO 3 PI3HUIIEIO Y XiMiYHUX 3cyBax 40=0,59-0,61 ppm.
IMOBipHO, poO3min CcHrHaNiB Ta iX XapakTepHUH Jpeild TmoB's3aHOMA 3 TPOLECOM
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BiJTHOBJICHHSI CTPYKTYpH BOJH, IOPYIIEHOI MpW JeMiHepaii3amii 3BOPOTHHM OCMOCOM
OJTHOYACHO 3 BCTAHOBJICHHSIM CITKM BOJHEBHX 3B’SI3KiB, XapaKTepHOi st po3uuHy. Huzbki
LIBHAKOCTI OOMiHY (PO3AUIbHE CIOCTEPEKEHHS CUTHATIB TiAPOKCHIY 1 BOAM) MOXKHA
TIOB'SI3aTH 3 ICTOTHOIO MIKPOI'€TEPOreHHICTIO CUCTEMH 1 BiIOBIIHIM Oap'epHUM e(eKToM,
110 3HWKYE e(peKTUBHY MIBUAKICTH OOMIHY IPOTOHIB.

Bucnosku. ExcrnepumentansHo, MerogoM 'H AMP CHeKTPOCKOI, BCTAHOBICHO
BIUIUB  BHKOPHCTAaHHS  3BOPOTHOTO OCMOCY BOJONIATOTOBKM Ha  CHEKTPajbHi
XapaKTEPUCTHKUA PYXJIMBHUX IMPOTOHIB €TAHOJY 1 BOIH, & TAKOXK CTAOLII3aIlI0 CHCTEMH Y
MIPOLIECi CTBOPEHHS BOIHO-CITUPTOBUX cyMmilneil. [TokasaHo, o Ayt TAKUX CHCTEM IIpoIec
cTalimi3amii BOTHO-CIUPTOBOI CYMillli MPOXOIAWTH OMHOYACHO 3 BITHOBJICHHSIM CITKU
BOJIHEBHX 3B’s3KIB Y BOIHIN (ha3i.

K:mi040Bi c10Ba: 360pomuuii ocmoc, emanon, 600a, cymiui, ' H JIMP.

Ouinka xap4yoBoro norenniaiay kakao Theobroma cacao L.
i kaBu Coffee liberica W. Bull.

Canpeit [lene Oiieemi, [Tatpik Onyroenra Tenena, OnyBadepanmi Ecrep Otieneiii
Eximcokuii oepoicasnuil ynisepcumem, Aoo-Eximi, Hieepis

Beryn. CrioxkuBaHHS Kakao i KaBU 301IBIIYETHCS Yepe3 psiJl KOPUCHUX BIIACTUBOCTEH
JUTSE 370pOB'sl. BUBUEHHs (iTOXIMIYHAX KOMITOHEHTIB 1 Xap4OBOI'0 MOTCHITIATY ITUX IIHHIX
KyJIbTyp IIe Oinbllle pO3KpHBAa€E iX xapyoBe Ta (iTOMEIWIIMHE 3HAUCHHS B pallioHi
Xap4yBaHHS JIIOJIMHH.

Marepianu i merogun. Kakao ta xaBoBi 3epHa 30upanu Ha ¢pepmu B Ano-ExiTi, mrar
Exiti, Hirepis, i BuBYaJM iX OCHOBHI, MiHEpadbHi ¥ (hITOXIMIUHI KOMIIOHECHTH,
BUKOPHCTOBYIOUH CTaHIAPTHI aHAMITHUHI MeToau. 3i0paHi Kakao i KaBy CYIIMIN IPOTSITOM
TWOKHS, TIOTIM BHCYIIYBAJIH MOBITPSM, 3HIMaIM OOOJOHKY, MOIPiOHIOBAJIH B MOPOIIOK i
aHaJi3yBaJIM TXHIH CKIIa.

PesyabraTtu i ooroBopennsi. OTpuMaHi pe3yJbTaTH IMOKa3alld, 10 O0HMIBAa 3pa3KH
POCIIMH MICTATh aJIKaJIOiqy, AYOWIbHI pEYOBHMHH, caroHiHW, (raaBoHoimu, deHom i
kapuiormikosuau. [Ipore crepoinu, ¢uodaraHin i Teprnenoinun Oymu HasBHi y C. liberica,
ane BigcytHi B T. cacao. Anaimi3 mokasaB Bmict Bonoru (12,16 i 10,84%), ByrieBonis
(57,19 1 62,51%), cuporo nporeiny (4,08 i 3,75%), cuporo BosjokHa (18,95 i 16,72%) Ta
somu (6,82 Ta 5,58%) y C. liberica i T. cacao BiamoBimHO. BCTaHOBIIEHO, IO JKUTTEBO
BakimBi MiHepanu (Mr/100r) y kaBi Ta kakao Bkimrovaroth Na (1050,14 1 1133,11),
K (305,121 719,36), Ca (407,86 1 65,33), Mg (41,83 135,28), P (43,691 37,37), Mn (12,62 i
5,86), Fe (28,86 i 32,40) i Zn (2,41 i 3,61). BMicT HIKEII0 3HAXOMUBCSI B MEXax
JTO3BOJICHOTO PiBHA. Y 3pa3kaX pociauH He Oyio BuseieHo Pb rta Cd.

BucnoBok. Kakao Ta xaBOBi 3epHa, IO JOCHIPKYBaINCh, MOXXHA PO3IJSIATH SIK
Oaraty 010aKTUBHHUMH BTOPUHHUMH METa0O0JIiTAMH CUPOBUHY, 110 BUIIPABIOBYE IX HIMPOKO
BiJIOMI IIepeBaru Jyis 370pOB'si.

Keywords: kaxao, kasa, ckniao, gpimoximiunuti, Aoo Eximi.
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JocigxeHHs B’I3KICHUX XapaKTEePUCTHK cyMilleil MOpo3uBa 3 KPOXMAJIBHOIO
MATOKOI0

1 . 1 2
Okxkcana bacc’, I'anuna [Momimyk', Onena 'oruapyx
[ - Hayionanvnuti ynisepcumem xapyosux mexnonoait, Kuis, Ykpaina
2 - Incmumym ximii nogepxui im. O.0.Yyiika HAH Yxpainu, Kuis, Yxpaina

Beryn. [Ins BupoOHMIITBA MOpO3WBa SIK IIJICOJIOKYBAad IIMPOKO 3aCTOCOBYIOTH
KpPOXMaJIbHY ITaTOKy, aye il CTpyKTypyloda 37aTHICTh HEJIOCTAaTHRO BUBYEHA i MOTpedye
JIOAATKOBUX JOCIi)KeHb. BHSBIEHHS 3aKOHOMIPHOCTEH CTPYKTYpPYBaHHS cyMilied 3
MTATOKOKO PI3HOI'0 CTYIEHS OIYKPIOBAHHS JACTh 3MOTY 3HHU3UTH MOTpeOy y cradimizaTopax
CTPYKTYpPH 1 JOCSITH TEXHOJOTYHOro e(ekTy B mporeci BUPOOHHILTBA MOpO3HMBa 3a
PaxyHOK JIMIIIE HATYpaJIbHUX 1HIPEIIEHTIB.

Marepianu i meTomu. Peonoriuni XapakTepUCTHKU CyMillIed MOPO3HBa BEPIIKOBOT'O i
apoMaTHYHOro 3 TIOKO3HO-(pykTo3HNM cuporom (HFCS-96), rmoko3HuM cupornom
(HFCS-42) 1 marokoto kapamenbHoto (HFCS-30) mocmimkyBamu 3a JOMOMOTOO
POTaLliHOTO BiCKO3UMETPA.

PesyabraTu i 00roBopenHsi. Y pa3si IOBHOi 3aMiHM I[yKpY Ha MaTOKA KPOXMalbHi
HFCS-30 Tta HFCS-42 mowartkoBa eQeKkTHBHAa B’S3KICTh CyMIIIEll BEpIIKOBHX
migBuIyeTbes Ha 22,1% Ta 2,5% BIAMOBIAHO, MOPIBHSIHO 3 KOHTPOJBHUM 3pa3KoM i3
ykpoM. Y TOH jke Yac MOBHa 3aMmiHa mykpy Ha maroky HFCS-96 cnpusie 3HmKEHHIO
Mo4aTKoBOi e(eKTHBHOI B’SI3KOCTI BepuIiKoBoi cymimi Ha 15,3%. ITouatkoBa edexTrBHA
B’SI3KICTh CyMIILIEH JJIs1 MOPO3KBa apOMaTHYHOIO TIPH MOBHIH 3amiHi 1iykpy Ha HFCS-30 ta
HFCS-42 36inbmryBanacs Ha 27,1% ta 14,8% BiamosigHo i 3menmryBanacs Ha 11,6% mpu
MOBHI 3aMiHi ykpy Ha natoky HFCS-96.

[Maroxu mapok HFCS-42 i HFCS-96 HanatoTh cyMilllaM TUKCOTPOITHUX BJIACTUBOCTEH.
Haromicts cucremu 3 marokoro HFCS-30 3pmaTHi He TiNbKM TIOBHICTIO BiJHOBJIIOBATH
CTPYKTYPY, aji¢ ¥ BHSBIIAIOTH CJIaOKi PEONMEKCHI BIACTHBOCTI. 3aBASKH I[bOMY B PEKHUMI
3BOPOTHOTO 3MEHIIEHHS IIBUAKOCTI 3CYBY e(eKTHBHa B’S3KiCThb CyMilleld MOpO3HBa
BEpPIIKOBOI'O i apOMaTHYHOI0, Y pa3i MOBHOI 3aMiHM IYKpY, 30ublIyeThest Ha 12,7% 1 Ha
18,8% BiAMOBIMHO, MOPIBHSAHO 3 IOYATKOBUMH 3HAUCHHAMH. Y CyMiIlIax, IO MICTSTh
cymimn matok HFCS-96 i HFCS-30 3a cniBBimHomenHs 30:70, edexkTuBHa B’SI3KICTh
301IBINYETHCS B PEKUMI 3BOPOTHOI'O 3MEHIIICHHS IIIBUIKOCTI 3CYBY Ha 9,5% 1 Ha 12,5% s
MOpO3MBa BEpIIKOBOIO M apOMaTUYHOTO BiJNOBINHO, TIOPIBHSAHO 3 IOYaTKOBHMH
3HAYEHHSMHU.

BucnoBkn. CrpykTypyloua 37aTHICTh TaTOKM KPOXMAJIBHOI  3HIDKYETBCS 3
MJIBUIIEHHSAM CTYyIeHs ii OIlyKpIOBaHHs. BHsBIeHa 3aKOHOMIPHICTh BIUIMBY HAaTOKH 3
PI3HUM JIEKCTPO3HMM €KBIBaJEHTOM Ha B’S3KICHI XapaKTEpUCTUKH CyMilleld pi3HOTO
XIMIYHOTO CKJIaJly Ja€ MOMJIMBICTH IIUJIECHPSMOBAaHO (OpMYBaTH TOKA3HUKH SIKOCTI
MOpO3UBa.

KuiouoBi cinoBa: moposuso, yykop, namoxa, oyyKpio8anis, 8 A3Kicm.

OpranosienTHyHi Ta XiMiYHI BJaCTUBOCTI leCEPTHUX BUH, BUTOTOBJIEHUX Pi3HUM
3aMOpPOKYBaHHSIM BUHOrpany copty Mapceyian

. . 1 1 . 2
Bikropis Ocranenko , Oxcana Tkauenko , Ennap Iykypinze
1 — Odecvka nayionanvha axademis xapuosux mexuonoziu, Odeca, Yrkpaina
2 — TOB «Ilpomucnoso-mopeosa komnanis Lllaboy, Odecvka obx.,c. [llabo, Yrpaina
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Beryn. Mera nociikeHHs mojsirajia B TOMY, 1100 BU3HAYUTH BIUTUB Pi3HUX CIIOCOOIB
3aMOpOXKYBaHHsS BHHOIpaay copTy MapcenaH Ha ceHCOpHHMH 1 (hi3MKO-XIMIYHUE CKIIaj
OTPUMAaHUX KPHKAHUX BHH.

Marepianu i metogu. Conoake BUHO OTPUMAIH JBOMA CIIOCOOAMHU 3aMOPOXKYBaHHS
BUHOTpaay MapcenaH: MpUpOIHAM IUISIXOM 1 KPIOr€HHO0 eKCTpakiieto. [Ipu BUpoOHUIITBI
BUHA Ta BU3HAYCHHI (Pi3MKO-XIMIYHUX aTpUOYTIB KEpyBAIUCS MOJ0KEHHSIMHA Mi>KHapOIHOT
opraHizaiii BUHa Ta BHHOIPaJy, IO CTOCYIOTHCS ONepauliii mepepoOKH BHHOIpaay Ha
KprkaHe BHHO. KiJbKiCHHMI Ta SIKICHMH CKJIaJi apOMaTHYHUX PEYOBHH Y COJOAKHX BHHAX
BH3HAYaJIM 3a JIONOMOrol0 ra3oBoi xpomarorpadii. CeHCOpHUMII aHami3, TpPOBeIEHHUN
BianoBigHO 10 ISO 8586-2, BcTaHOBUB OpraHOJICNTHYHI BIIACTUBOCTI JICCEPTHUX BUH.

PesyabraTu i o6rosopennsi. BinnosigHo g0 arpokniMaTtiyHuX pecypciB [liBHIYHOrO
IIpuuopromop'st (Oxeckkoi obmacti) i3 yepBoHOro copty Mapcenan B 2016 p. orpuMaHo
nepie eKCIepUMEHTaJIbHE JIECEPTHE BHUHO IIPEMIAlIBHOIO CEKTOPY. 3aMOpOXKYBaHHS
BUHOTPaJy KpIOTEHHOI0 EKCTPAKIII0 BiIOYBAJIOCS MOBUIBHIIIE 1 P HIDKYIN TeMIepaTypi
(-10 °C), anix TpaguuiiiauM criocodoM (30ip npu -7 °C) oTpuMaHHs cycia i3 BUCOKHM
BMICTOM IIyKpY.

3a XIMIYHUM CKJIaJIOM, BUHA 13 BUHOTpaay copTy MapcenaH, 3aMOpOXEHOTr'0 Pi3HUMHU
croco0amMu, CyTTEBO He BiApizHsutucs. [lo3UTHBHI KoOpessimii IOMiDXK 3MiHHHMH, IO
BiJIMIOBIIAIOTh 338 BMICT IIYKpY, €TaHOJY, MAacOBMUX KOHIIEHTPAILili TUTPOBAHUX 1 JETKHX
KHCJIOT OyJIM Bi3HAYEHI B 000X 3pa3kax. ['a30Boro xpomarorpadiero Oymu 3Haiineni 35 1 37
apoMaTHYHHUX 3'€/IHAHb Yy BHWHAX, BHKOHaHWX npupoaHuM (I13) Ta ampTepHATHBHUM
3amMopokyBaHHAM (A3) BiamosigHo. KoHIeHTpalii cupTiB B 000X BHHAX OY/IHM HaWOLIBII
BHCOKHUMH CEpe] JIETKUX PEYOBHH, IO CKiIanaroTh Outbiie 60% i 40% y BuHax [13 Ta A3
BignoBinHo. CxiazHi edipy, BHII CIIUPTY, JIETKI KHCIOTH BiPI3HSUINCS JIMIIE 32 MaCOBOIO
koHIeHtpamieto, a Cq 3'eqHaHHs OynM 3HaAHAEHI JUIIE Yy BHHI, BUPOOJCHOMY i3
3aMOPOYKEHOTr0 BHHOTpamy Ha Jio3i. CEeHCOpHMI aHaji3 MOKa3aB BIIMIHHOCTI MiX TBOMa
BUHAMHU 32 IHTCHCHBHICTIO (PYKTOBHX HOT, TOPIXOBUMH BIATIHKAMU 1 TPHBAIICTIO
MICIIACMAaKY.

BucnoBku. PesynbraT JOCHIIKEHHS JIEMOHCTPYIOTH OCOOJIMBOCTI (popMyBaHHs
YHIKQJIBHUX apOMaTHYHUX 1 XIMIYHHX NpOQiIiB KpIKaHUX BUH 3 MapcenaHa, Takox
croci0 3aMOpOXKyBaHHS BIUIMBA€E HA BU3HAYAIbHI XapaKTEPUCTUKHU BHH.

KurouoBi caoBa: kpuowcane euno, Mapcenan, 3amopooicysanns,  Ilisniune
Tlpuuopnomop 'a.

BinHoB110104i Ta eMyJIBIyI04i BIACTHBOCTI CyLIEHOI0 M’SICHOr0 HaniB(adpukaTty

Ounekcanzpa Hemipiu', Muxona ITorosux”, Oxcana ITerpyma’,
Amnipiit ['apum’', Oxcana Bamreka'
1 - Hayionanvnuii ynigeepcumem xapuosux mexnonociu, Kuis, Yxpaina
2 - XapxiscoKutl 0epaicasHull yHIsepcumem xapiyeants ma mopeieni, Xapkis, Ykpaina

Beryn. JlocmimkeHO TeXHOJIOTIYHI BIACTUBOCTI CYHIEHOI'O M’SICHOrO HarliB(haOpHukaTy
(CMH), Burorosienoro wmeronoM 3TII-cyminHs (3MilIaHOTO MiJBEJEHHS TeEIUa), Ha
IMiICTaBi SIKMX CKJIaJHO MaTeMaTHYHY 3aJIeKHICTh KOMIUIEKCHOT Xapakrepuctuku CMH Bin
TEMIIEpaTypH CYIIIHHS 1 CTYNEHs AUCIIEPCHOCTI MPOIYKTY.

Marepianu i MeTonu. MaTepianaMu IOCIiIKeHb OyJIH: M’sICO sSUIOBUYMHH, BiJBapeHe i
CylleHe KOHBEKTUBHHUM CIIOCOOOM, SIK KOHTPOJIb, 1 CyIIeHWil M’sicHMi HamiBdaOpukar
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BHCOKOT'O CTYIIEHS TOTOBHOCTI, II0 OTPUMAHO CIOCOOOM 3MIIIAHOTO TETUIOMNiIBECHHS, 5K
JOCHIHUE 3pa30K. 3a pe3ynbTaTaMd aHajildy CIIeKTpiB, OTpUMaHuXx MeromoMm [Y-
CHEKTOPCKOMii, OXapaKTepH30BaHO 3MiHM XIMIYHOTO CKJIaay CYIIEHOI'O0 M’SICHOTO
HamiB(haOpuKaTy 1 MiCad HOro BIIHOBIICHHA. XapaKTEPUCTUKY 00’€My Ta CepeAHbOrO
JiaMeTpy Mop CYIIEHOT'0 M’sSCHOro HamiB(haOpuKaTy 3MiHCHIOBAIH 3a 130TepMaMH COPOIIii-
JIecopOIIil, OTPUMAHHUX BArOBUM METOJIOM.

PesyabraTtu i odrosopennsi. Komruiekc AOCHiKEHb TEXHOJNOTIYHUX BIIACTUBOCTEH
CYIIICHOTO M’SICHOrO HariB(aOpuKaTy IOKa3aB, [0 BUKOPUCTAHHS CIOCOOY CYIIHHS 3i
3MIIIaHUM TEIUIONIIBEICHHSM CIPUSE OTPUMAHHIO NPOJYKTY 13 MEHIIMM BMiCTOM BOJIOTH
(Y 2 pa3u) Ta MOKpaIeHow HOro 3/IaTHICTIO JI0 BiJHOBJICHHS 3 OJIHOYACHUM 30epeKeHHSIM
BHCOKOi BOJIOTOYTPUMYIOUOi 3[4aTHOCTI (TIOPIBHSAHO 3 KOHTPOJIEM BOJIOTOYTPUMYIOUYa
3IATHICTD BUIA Ha 7,2 %) 1 koedimieHTOM BogonorauHaHHs (Bume y 1,3 pasa). Buseneno,
0 MpH BUPOOHHUTBI CYIIEHOr0 M’SICHOrO HamiBpaOpukaTy METOAOM 3MiIaHOro
TEIUIONIIBE/ICHHSI BMICT JIETKHX apOMaTYTBOPIOIOUMX PEUYOBUH IOPIBHSIHO 3 KOHTPOJEM
Bunmi y 1,3 pasa.

Awnaniz [Y-cnekTpiB NOrJMHAHHS CYIIEHOrO M’SICHOro HamiBgaOpukaTy B oOiacti
nedopmariitaux konmuBaHb rpyn —OH Bka3yoTh Ha Te, IMO CYIINHHSA 31 3MilIaHUM
TEIUIONIIBE/ICHHSAM CIIpHsie POPMYBaHHIO KallISIPHO-IIOPUCTOI CTPYKTYPH, SIKa JA€ 3MOTY
30UIBIIMTH KUTBKICTH aAcopOILiiHO 3B’s3aHOI Boau y 1,5 pasa, Ta OOYMOBIIOE BHCOKI
perijparaimiiiHi ¥ eMyJabrylO4i BIIACTUBOCTI TOTOBOro HamiBgaOpukaty. OTpumaHo
MaTeMaTu4yHy Mozaenb (HOpMyBaHHS  KOMIUIEKCHOTO  TOKa3HHMKA  TEXHOJOTIYHUX
BJIACTHBOCTEH CYIIEHOTO0 M’SICHOrO HamiB(paOpHKaTy 3alie)KHO BiJ TEMOEpAaTypH CYIIIHHS
Ta CTYIEHs NOpiOHEeHHs HamiBpaOpuKary.

BucnoBku. BcraHoBieHO (OpMyBaHHS BHCOKHMX TEXHOJOTIYHHUX BJIACTUBOCTEH
cymieHoro M’sicHoro HamiBdaOpukary. OTpuMmaHi JaHi Jar0Th 3MOTY PEKOMEHIYBaTH
HamiBpaOpuKar sK CaMOCTIHHHHA MPOAYKT 1 IS MIMPOKOrO ACOPTHMEHTY XapyOBHX
MIPOIYKTIB.

KarouoBi caoma: wm’sco, uanispabpuxam, cywinHs, 3miuiane mMenionio8eoeHHs,
nopucmicmao, emyasbCis.

InenTu(ikanisa piBHOBa’)KHOIO0 CTAHY TiIPOKCHIIBHUX NMPOTOHIB y ropiJikax 3a
nonomoroio 'H SIMP cniexTpockomii

Oner Kyspmin', Cepriit Cyiixos?, Ipuna Koperpka', Onesa Matusiyk', Bonomvup TomsoBrk!
1 — Hayionanvnuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina
2 — Incmumym ¢hizuxo-opeaniunoi ximii ma eyeneximii imeni JI. M. Jlumsunenra
HAH Yxpainu, Kuis, Yxpaina

Beryn. Meroto pocmipkeHHs € ineHTH(]IKalis piBHOBAXHOI'O CTaHy T'iIPOKCHIBHUX
NPOTOHIB €TAaHOMY i BOJM y ropifikax 3 BukopucTanuaM 'H AMP crieKTpoCKOrii.

Marepianu i metonu. BogHo-crimproBi cymimi (BCC, ropinku) Oys10 MmiArOTOBIEHO
BOJIIOMETPUYHUM MeETO0M. SMP CrieKTpH OTpUMAaHO 3TiHO 3 KepiBHUHITBOM 10 Dyp’e
AMP cnextpomerpa Bruker Avance II (400 MI'm) i Bruker TopSpin. [ns neiitepieBoi
cTabimizamii i BH3HAY€HHS XIMIYHUX 3CYBIB PEUOBHH BUKOPUCTOBYBAJIM AaleTOH-d; —
30BHIIIHIA CTaHAAPT, KU BiIOKPEMIICHWH BiJ IOCHIIKYBaHOI PEYOBMHH, BHOCHIH [0
aMITyJIM Y Kansipi crerianbHol Gpopmu.

Pe3yabraTu i 0droBopenHsi. ExcriepiMeHTanbHO BU3HAYEH] €JIEMEHTH BCTAHOBJICHHS
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TEpPMOAMHAMIYHOI PIBHOBard TiJPOKCUIILHUX IIPOTOHIB €TaHONY Ta BOJM Y TOpLIKax 3a
noromoroto 'H AMP crektpockomii. IeHTH(pikoBaHO TpH IPYHH 3pa3KiB, BHXOIAYH 3
PIBHOBAry TipOKCHIBHUX TPYI IPOTOHIB BOJAW Ta €TAHOIY: CTaloi, NepPeXiIHOl, HecTalol
piBHOBaru.

Crana piBHOBara XapakTepH3YeThCs HAsBHICTIO B TiJPOKCHIIBHIN rpymni o0'exHaHOTO
yHiTapHoro curnany EtOH+H,0. Komnonenra nporoHiB EtOH~+H,0 11t KOXXHOTO 3pa3ka
MPEJCTABIICHA Y BUIJILAI CHHIVICTY (S), IO 3HAXOMUTHCS Y «CIAOKOMY MOJI» 3 XIMIYHHM
3CYBOM Yy Hiama3oHi Oppo+pon=4,75—4,80 ppm. dopma curHany mporoniB EtOH+H,0 —
BUKpUBJIEHA TraycoBa KpHBa, 3 PO3IIMPEHOI0 OCHOBOIO i HE3HAYHOIO aCHMETPIEI0 BEPIINHH,
ITiK SIKOT Ma€ 3MIILIeHHS BIIHOCHO OCHOBOI JIIHII.

[epexinna piBHOBara XapaKTEpU3YETHCS HASBHICTIO B TiAPOKCHIBHIA TPymHi IBOX
posnineHux curHatiB EtOH (Ogonr=5,34 ppm) i H,O (dpy20=4,75 ppm). Bimxunenns mix
XIMIYHMMH 3CYBaMH TiIPOKCHIBHUX MPOTOHIB eTanoiy (EtOH) i nporona Boau (H,0) mis
KOXKHOTO 3pa3Ky ckianae Af,=236 I'n. IlepexinHa piBHOBara XapakTepH3yeThCs HAasBHICTIO
JIeBE MTOMITHOTO TiIPOKCHJIBHOIO TPOTOHA, IO XapaKTepHU3ye Iepexil BiA cTajol 1o
HecTaioi piBHOBard. lle Bkasye Ta Te, 0 He OyJIO CTBOPEHO MEBHUX INEPEIYMOBIUIS TOTO,
1100 BCTAHOBUTH PIBHOBKHY CTPYKTYPY (HECTaIly/CTairy piBHOBary).

Hecrana piBHOBara XapakTepH3YyIOTbCS HAasSBHICTIO B TiJPOKCWIBHIA Tpymi IBOX
PO3IUIBHUX CUTHAIIB eTaHony (Jgon=5,34 ppm), sikuii € sBuuM, i H>,0 (dy20=4,72 ppm).
Bimxwnenns mik EtOH i H,O — Af =248 T'n.

BucnoBkn. Ha mincraBi IpOBEIEHOr'O JIOCHIPKEHHS BCTaHOBJIEHA IIPHHIIMIIOBA
BIIMIHHICTh TOBEIIHKHM TIAPOKCHIBHHMX TIPOTOHIB €TaHOJIY Ta BOAM y TOpLIKax 3a
noromororo 'H AMP crextpockomii. OTpuMaHi piBHOBAXKHI CHCTEMH NaiOTh 3MOTY
YIOCKOHAIUTH TEXHOJIOTIYHUH TIpolieC BUPOOHMITBA TOPIJIOK HA JIIKEPO-TOpiLTYaHUX
i MPHUEMCTBAX JUTs CTa01Ti3aIii SKOCTI TOTOBOI MPOIYKIIIi.

K:mio40Bi c10Ba: copinka, emanon, 60da, 2iopoxcun, 'H AMP cnekmpockonis.

Bupnanennst ioHiB KaJMil0 i CBUHINO 3 MOIeJIbHUX PO3YHHIB 3 BUKOPUCTAHHIM
HATypaJbLHUX COPOEHTIB

daremex Xapatss, Baxin Xakumzanex, Moxamman Pesa Abemi
Icramcoruii azadcoxuil ynieepcumem, Kyuan, Ipan

Beryn. OpnuMm i3 oOMexeHb XiMIYHUX aOCOpOEHTIB SK HPOCTOTO W e(EeKTHBHOIO
croco0y BHIaJIeHHs! 3a0py/JHEHb 32 paXyHOK MeXaHi3My IOBEPXHEBOI'O IOIJIMHAHHS € 1X
HAaJIMipHI BHUTpAaTH, TOMY BHBUCHHS IIOTEHINiaNy JCHIEBUX 1 JOCTYIHHX MPHPOTHUX
azcopOeHTIB A BHJAJICHHI BaKKMX METAIiB 3 TPOMUCIOBHX BIJIXOIIB CTaHOBUTH
HayKOBHH iHTEpeC.

Marepianu i meroam. J{ns BHBYEHHS KiuTbKOCTi abcopbeHty, pH Ta BIuuBy
TeMIlepaTypd Ha aOcopOLiiiHy 3[aTHICTh BUIIHEBOrO sjpa IUTYYHHH PpO3YUH Y
koHIeHtpamii 1000 Mr/i 3MirryBaau 3 MEBHOK KUIBKICTIO aOCOpOyBaIbHOTO MaTepiaiy 3a
neBHoi Temnepatypu Ta pH npotarom 60 xBunuH. Po3unHu GineTpyBanu GpibTpyBaIbHIM
narnepoM. BMiCT KO)XHOrO i0Ha B MOYATKOBOMY 1 BiA(UIbTPOBAaHOMY PO3YMHI BHU3HAYAIIU
aTOMHO-a0copOIiiHOI0 cnekTpomeTpieto. BB BMicTy abcopboBanoi pedoBuHu (0,2-2
r/100 mm), pH (3-7) # temneparypu (30-70 °C) Ha mBHAKICTE abcopOyBaHHS
JIOCITI/PKYBAHOTO CBUHIIIO 1 KaIMiI0 JIOCIIKYBaBCsl METOAOM MOBEpXHi BiAryKy (RSM).

Pesyabratn i o0roopenHsi. IliBHINEHHS TeMIlepaTypu IOKpPAIIWIO MIBUIKICTH
abcopOyBaHHS Ka/IMilO 32 PaxXyHOK 3MEHILIEHHS B'SI3KOCTI Ta MPUCKOPEHHSI MacCOMEPEHOCY.
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[TixBumieHHsT TeMIlepaTypu OOMEXKYe YTBOPEHHS I'DaHHYHOTO HIapy HAaBKOJIO aOCOpOEHTY
4yepe3 3MEHIIEHHS B'SI3KOCTI po3unHy. OTKe, NMOTJIMHAHHS 10HIB IMOCHIIOETHCA. Takox
301IBIIEHHST KUTBKOCTI aOCOpOEHTY MiJBHINYE ITOBEPXHEBUH KOHTAKT, i B pe3ynbTari
HWMOBIpHICT 3ITKHEHHS 1OHIB 13 YacTMHKaMu aOCOpOEHTY IIiABHINYETHCSA. [HIIMMHU
CIIOBaMH, BeNIMKA KIIBKICTh abcopOeHTy 30iibllye MIaHCH Uil TPUEAHAHHS 10HIB.
Bupanenns kagmiro 3a BUCOKHMX 3HaueHb pH Oyiio 3HMKEHO yepe3 NMepeTBOPEHHS 10HHOT
CTPYKTYpH B MOIIEKYISIpHY CTpPYKTypy. LlBuAKICTH TOINMMHAHHSA KaJMII0 TaKOX
301IbIIyBaIach 3a PaxXyHOK 30UIBIICHHS KiJIBKOCTI aOCOpPOCHTY 3aBISKH HASBHOCTI ITUTIB
qutst nornuHanHs. [ligsumenns pH no 5 npusserno a0 30inbn1eHHs a0copOIIii 10HIB CBUHITO,
ane migBumieHHs pH mo 7 3MeHmmIo mornuHaHHS CBUHIIO. [IpuumHa mporo sBuina
00yMOBJIEHa 3MiHOIO 10HHOI CTPYKTYPH CBUHIIIO B MOJIEKYJISIPHOMY CTaHi 3a Jry)xHoro pH.
Xoua 31 3HWKEHHSM pH KOHKYpeHIisl i0HIB BOJIHIO 3 KaTiOHaMHU 3MeHIIye abcopOyBaHHs
10HIB METaIiB.

BucnoBok. Haiikpamii ekcriepuMeHTa bHI apameTpu JUis MakCHMaslbHOI abcopOuii
BU3HAYAIOTHCS TAKMMHU yMoBaMmu: Temneparypa 70 °C, pH 5 ta koHueHrtparis abcopOeHra
2 1/100 M. 3acTOCOBYIOYHM IIi YMOBH, BAAJOCS 3MCHIIUTH KiUJIBKICTh 1OHIB CBHHIIIO 1
KaJMiro, BianoBiaHo, Ha 79,18 Ta 76,56% i3 mTy4Hux po3unHiB. Takox Oyiau nepeBipeHi
ONTHMaJbHI YMOBH Ha CTIYHMX BOJAaX I[yKPOBOI IIPOMHCIIOBOCTi, DPE€3yIbTaTH SKHX
MOKa3ajId 3MEHIIEHH U1 CBHHIINIO 1 Kaamiro Ha 98,98 1 76,1%.

KurouoBi ciioBa: abcopbyis, kaomitl, ceuneyb, uuLHs, s10pO.

I BuaKicTh i iKicHI napaMeTpH MHHOr0 CYIIiHHS TOMATHOI M’ SIKOTI

Jxomrya Onanaproaro Omatie, O6ademi [0iTaiio ObamKeMixi
Kadgheopa xapuoeoi inoicenepii, gpaxynomem indcenepii i mexunonoeii, Lnopincoxkuti
yuieepcumem, Lnopin, Hicepis

Beryn. ITominop — miig KOPOTKOTPUBAJIOrO 30epiraHHs, SKUH MIBUIKO MCYETHCS MiCIs
36UpaHHS BpOXa. Moro moTpi6HO OGPOGNATH METOAOM MIHHOrO CYIIHHS IS
3a0e3MeueHHs] HaJeXHOI SKOCTI MPOAYKTy. HeoOXimHO mociimuTh [esiki mapamerpu
MpoIleCy, 30KpeMa, IMIHOYTBOPEHHS 1 KOHIICHTpAIlI0 cTabimizaTopa MiHH, SKi MOXYTh
BIUIMBATH Ha MIBUIKICTh CYIIIHHS 1 SKICTh CYXOT'O IMOPOIIIKY.

Martepianu ta Metonu. byjao BUKOpHUCTaHO paHAOMI30BaHy CXeMy JOCIHIPKEHb 3 27
3pa3KiB TOMaTHOI M’SKOTi, BUKOPHCTOBYIOUH SIEYHUI OUJIOK SIK MiHOYTBOPIOBAJIBHUI areHT
i3 TpbOMa piBHAMHU KOHIEHTpaIli — 5%, 10% Ta 15%, kapOokcuwimermenoaozy (KMII)
i3 kouneHrpamiero 0,2%, 0,4% i 0,8%. Yac 30uBaHHS — 3 XBWIMHH. 3pa3Ku CYIIMIH B
cymmnbHi# madi 3a remnepatypu 70 °C.

Pesyabratu i o6roBopenHs. [ 3pa3kiB 3 KOHIEHTpAIEIO0 IMiHOYTBOPIOBAJIHHUX
pedoBuH 5%, 10% Ta 15% mBHAKICTh BUCYITYBaHHs cTaHoBmiIa 19,21 1/rox, 21,53 r/rox i
20,46 r/rox, BMicT Oinka craHOBUB 24,66%, 24,72% 1 24.77% ,i Bmict Bitaminy C - 1,70%,
1,44% Ta 1,34% BinmosimHO. B Toii e vac 3pa3ku i3 goxaBanHsaM KMI 3 koHIIEHTpaIliero
0,2%, 0,4% Ta 0,8% ™manu mBHAKiCTh cyminag 18,74 r/ron, 20,68 r/rox i 21,78 r/rox,
BMicT Oinka 24,71%, 24,71% 1 24,74%, a Bmict Bitaminy C - 1,43%, 1,56% Tta 1,49%
BIJMOBITHO. AHaI3 Bapiallii moka3ye, 1o KOHIIEHTpAIlis MHOYTBOPIOBaYa i cTabiiizaropa 3
MHOI0 HE BIUIMBA€ Ha IIBUAKICTH cymniHHA 3a P<0,05, mpore MmiHOYTBOPIOBAY iCTOTHO
BIUIMBAE Ha BMIcT OUlka i Bitaminy C y 3pa3kax. AHami3 Bapiauii TaKOX IMOKa3ye, IO
B3a€EMOIis, SIKa iCHye MK MIHOYTBOpIOBaYeM 1 cTabimizaTopoM IiHH, Mae 3HAYHUI BILIHB
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Ha BMicT Bitaminy C i Oinka y 3pa3ky, ajie HE Ma€ CyTTEBOIO BIUIMBY Ha UIBHJKICTh
cymiaHag. KpiM Toro, HOBHiA Oararojiana3oHHUE TecT JlyHKaHa JEMOHCTPYE BMICT Oika
24,66%, 24,72% Ta 24,77% 3a KOHIIEHTpaIlil MHOYTBOPIOBaya BignoBigHo 5%, 10% Ta
15%.

BucnoBok. KoHueHTpaltlisi IiHOYTBOPIOBaYiB € Ba)XIMBUM IapaMeTPOM, KU BILTHBAE
Ha IIOKa3HUKA SIKOCTI IMIHHOBHCYLIEHUX IOMIJOpiB. J[Jsl JOCATHEHHS MaKCUMaJbHOTO
30epekeHHs] BMicTy BiTamiHy C y CyXili pe4YoBHHI IIOMIJOpiB, I SITUBIJCOTKOBa
KOHIICHTpAIlis MHOYTBOPIOBAIBHOIO arcHTa (S€YHOr0o alibOyMiHy) € OiIbII JOIIIHHOK Y
TIOPiBHSIHHI 3 OUIBII BUCOKMMH KOHIIEHTPAIISIMU, OCKIJIBKH 1€ JacTh 3MOTY MiHIMi3yBaTu
3araJibHi BUTPATH, 1[0 BUHUKAIOTH ITiJ] Yac MHHOTO CYIIIHHS.

KirouoBi ciioBa: nomioop, m’skoms, CywinHs, WeUOKICMb, NIHA.

ExoHoMiKka i ynpaBiHHA

OcHoBHI npod;1eM# 0COOMCTOr0 CTPAXYBAHHS Ta HANPSMU IX BUPIIIEHHS B KOHTEKCTI
MiIBUINEHHSA KOHKYPEHTOCIIPOMOKHOCTi CTPAXOBOI'0 PUHKY

Muxaitno Apuu
Hayionanvnuii ynieepcumem xapuosux mexwonociu, Kuis, Yxpaina

Beryn. OckinbKy BifICYTHI JaHi 3 TNHTaHb KOPEISIIHHO-pErpeciiHoro asamizy
OCHOBHHX TIOKa3HHKIB OCOOMCTOr0 CTpaXxyBaHHsI, a TAKOX Mepea0avaroud METy BUSBIICHHS
OCHOBHHUX IpOOJEM OCOOHMCTOrO CTpaxyBaHHS Ta HampsMH iX BHpIIIEHHS B KOHTEKCTI
MiIBUIIEHHS KOHKYPEHTOCHPOMOXKHOCTI CTPaxOBOIO PUHKY, HaMH Oyllo IpOBeIeHi
KOPENSAIIHHO-PErPECiiiHi  JTOCTIHKCHHS B3a€MO3aJICKHOCTI HAJIXOMKEHHSI CTPaXOBHX
npeMiii, mpeMmiii 31 cTpaxyBaHHS XXHUTTS, BUILIAT 31 CTpaxyBaHHS JKUTTS, IEHCIHHIX BHECKIB
1 IEHCIHHUX BHILIAT.

Marepianu i meromu. HaykoBe noCHiIUKEHHS OCHOBHUX NpOOJieM OCOOUCTOro
CTpaxyBaHHs IPYHTYBaJOCh Ha 3aCTOCYBaHHI TaKMX METOJIB: aOCTPaKTHO-JIOTIYHOTO,
CHCTEMHOT'0 aHaJli3y Ta TPYIyBaHHS sl OCTIJDKEHHS OCHOBHHX IPOOJIEM CTPaxoBOTO
PUHKY Ta HampsIMiB TOJOJIAHHS IMTPOOJIEM; METOJI KOpeNsLiHHOr0-perpeciifHoro aHaiizy
BUKOPHCTOBYBaBCSl ISl JIOCHI/DKEHHS CTaTUCTUYHOI B3a€MO3AIEKHOCTI MK TaKUMH
MOKa3HUKAaMH, SK O0CAT CTpaxoBUX NpeMild 1 KUIBKICTh JOTOBOPIB CTpaxyBaHHS, CyMa
CTpaxoBUX MpeMidl B HIJIOMY Ta CTPaxoBi MpeMmii 3 MEJUYHOIO CTPaxyBaHHI, a TaKOX
BUIUIATH 31 MEAWYHOTO CTPAXYBaHHS TOLIO.

Pesyabratn i o0roBopeHHsi. BcTaHOBIEHO, IIO OCHOBHMMHU pPH3HKaMH DPHUHKY
0COOHMCTOrO CTpaxyBaHHs € IIOOANbHI PH3UKK (LIUKIIYHUI XapaKkTep PO3BHTKY CBITOBOI
(1HaHCOBO-EKOHOMIYHOI CHCTEMH), MAKPOEKOHOMIYHI Ta MIKDOEKOHOMIYHI PU3UKH (TEMIH
3MIHM HAIliOHAIFHOI EKOHOMIKM Ta OKpPEeMHUX Traiy3ei), (iHaHCOBI (He3aJOBiNbHHN
(IHAHCOBMIA CTaH CTPaxOBUX KOMIIaHil, HU3bKUI pPiBEHb SKOCTI aKTHBIB CTPaXOBHUKIB) Ta
KOMEpLIiHI PU3HKH.

KopensmniliHo perpeciiHuX aHaji3 ITOKa3HHKIB OCOOHMCTOrO CTpaxyBaHHS ITOKa3aB
BHCOKHI PiBEHb 3aJISKHOCTI TpeMild 31 CTpaxyBaHHS JKUTTS BiJ 3arajlbHOI CyMH 3i0paHuX
CTpaxOBUX TMpeMil, amke KoedilieHT Kopesiii cTaHoButh 0,669, 3B’SM30Kk MiK
JIOCITI/PKYBaHUMHU €IIEMEHTAMHU IIPSIMUMA, NPU HbOMY KOe(illieHT AeTepMiHaIil CTaHOBUTH
0,447, T00TO (hakTOpHA O3HAKa (3arajibHa cyma mpeMiil) BusHauae 44,7 % 3a1eKHOTO
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MOKa3HUKa NpeMii 31 CTpaXyBaHHS J>KUTTSA. AHaJOTriYHA 3a JUHAMIKOIO Ta XapaKTepoM
CHUTYaIlis, 0 XapaKTePU3Ye 3aJICKHICTh MEHCIHHNX BUILIAT BiJ MEHCIHHUX BHECKIB: BUCOKI
3HAYEHHs Koe(ili€HTIB KOpEJsLii Ta JeTepMiHalii.

BucnoBku. IligBUIIEHHS KOHKYPEHTOCIIPOMOXKHOCTI CTPaxoBOTO PHHKY CIIPHATHUME
MOAOJIAaHHSI TaKUX PH3HMKIB PUHKY OCOOWCTOTO CTpaxyBaHHS, SK TJIOOANbHI PU3UKH,
MaKpOEKOHOMIYHI Ta MIKPOCKOHOMIUHI pHU3WKH, (IiHAHCOBI Ta KOMEpLiiiHI PHU3UKH.
OCHOBHUMH K TIPOOJIEMaMH OCOOHMCTOrO CTpaxyBaHHs BH3HAYEHO HU3BKUH PiBEHb JOBipH
HaceleHHS /O CTPaxOBHKIB, INAaXpPaWCTBO CTpaxyBaJbHUKIB, IOBIJIbHI  TEMIH
pecTpyKTypH3aiii €KOHOMIKH Ta HEBHCOKI I0XOqu HaceseHHs. KpiM IIbOro, BHUCOKHI
PIBEHb 3aJISKHOCTI NPEMiH 31 CTpaxyBaHHS JKUTTS BiJl 3arajibHOI CyMHU CTPaxOBHX IpeMiit
MOKa3ye TO3UTUBHI TEHJEHIIIT PO3BUTKY CTPaXOBOI'0 PUHKY KpaiHH.

KurouoBi cioBa: cmpaxysanns, ocoba, scumms, MmeOuyuna.

MopneJb KyniBJi XJi0HUX BUPOOIB cepel MPAIIOI0YNX i HEMPALIOIOYHX KiHOK B
HenTpanbhii Ingii: BLIMB coniajJibHO-eKOHOMIYHMX (PaKTOPiB

Matopa Katxane, Pexxa [llapma
Haenypcoruii ynieepcumem, Haenyp, Inois

Beryn. X1i000yno4Hi BUpOOM € TPOJYKTOM MAacOBOTO CIOXKMBAHHS 3 OIVISIY Ha
HU3BKY BapTICTh Ta BUCOKY SIKICTh ITOXXMBHUX PEYOBHUH. Y 3B'S3KY 13 3pOCTAHHSM 1 3MiHOIO
XapYOBUX 3BHYOK JIFO/ICH X11000yI04HI BUpOOH HAOYIIU MOMYJISIPHOCTI Cepell HaCeICHHS.

Marepianu i merogn. bamspko 200 npamrorounx i 200 Henmparroro4Yux KIiHOK Oynu
BiiOpaHi 3a JOIIOMOrOI HPOCTOr0 METOMY BHMaAKOBOI BHOipku 3 lleHTpanbnoi Inmii,
Maxapamtpu Ta IHAil, npu npomMy ngaHi Oymu 3i0paHi 3a METOAOM ONHMTYBaHHS,
BUKOPDHCTOBYIOUM aHKETH Ta IHTEpB'I0. JlOCHipKeHO KymiBIIO M'STH X1i00OYI0YHHX
BUpPOOIB, 30KpemMa XJ1iba, Oynouku, OiCKBITY, TOpTa Ta IMminepiiiHoOro xiida, 3 ypaxyBaHHIM
BIKOBOI TpynH, KBajidikaiii, ckiamy cim'i, 3apoOiTKy Ta CIMEHHOr0 MiCSYHOIO JOXOIY
MIPAIIOIOYMX 1 HEMPAIIOIYNX KiHOK.

Pe3ynbTaT Ta 00roBOpeHHA. Pe3ynbTaTd MOCTIIKEHHS MTOKAa3aIH, IO CEPEeIHIiN BiK
mpamooynx  KiHok  39,39+6,15  pokiB, Hempaiorounx —  38,36+£5,7  poOkiB.
CepeaHbOMICSIYHMN JTOXIJ] TPAIOI0YHMX 1 HEMpalIoYnX JKiHOK cTaHOBHB 38,1254+19,550
iHpilcekux pymid Tta 40,625+£20,825 iHmilchkuxX pymid BiamoBigHO. Xm0 BUSBHBCS
HANOIIBII CIOXUBAHUM XJII000YJIOYHMM MPOAYKTOM cepell 000X TumiB cimeit (79,5% vy
npamtorounx i 83,5% y Hempalrounx ), Ipu koMY 0ickBiT (76,5% y npamorounx i 70,5%
y Hempaorounx). Kymisnsg Oynodok, Topra Ta minepiiiHoOro xiiba cepel NMpalforounx
JKIHOK cTaHoBwiIa 7,5%, 19% Ta 14%, B TOM Yac sAK cepel HEMpaIforuuX KiHOK — 13%,
23% Ta 18,5% BinmoBimHO. 3HaYHA MOMIOHICTH CIIOCTEpIrasach MiXk CXEMOIO KYIIBIII XJ1i0a
(p=0,000), oickBity (p=0.000) i TopTa (p=0,010) y mpaIforouux i HEMPAIFOIOYUX >KiHOK.
BikoBa rpymna, po3mip Ta ckiaj ciM'i, MiCSIYHHIA AOXiJ] MPANIOI0YHX 1 HEMPAIIOIOYHX JKIHOK
HE CBiAYaTh MPO 3B'S30K i3 CXEMOIO KYIIiBII XJ1i000YI0YHUX BHPOOIB.

BucnoBok. KymiBnsg xmi0oOyno4HuMX BHpOOIB Oynaa OJHAKOBOI Y JKIHOK, IO
MIPAIoIOTh 1 He mpaioroTh. Cepexn JeMorpadiuHiX XapaKTepPUCTHK OCBITA JKIHOK CYTTEBO
BIUIMHYJIA Ha MOJIEJb KYMIBIII XJ11000y/I04YHUX BUPOOIB.

KurouoBi ciioBa: npuobanus, xuib, modenn, bickeim, mopm, OVI0uKa, niya.
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—— Abstracts

YnpasBJiiHHA NpoeKTaMu

Inobiollpon: iHHOBaniiiHUIi BUKJIMK i HAYKOBI NepCcNeKTHBH

Kpicrina [onosuu', Basin Kapamwkis®, Anatoniit Kapraures”, Onbra Muranries?,
Tennanuit Koes”, Poman Tony6s”, Hima Bormar®, Ipina Ipymesa’
1 — Texniunuil ynisepcumem Monooesu, Kuwuney, Mondosa,
2 — Hayxo60-0ocnionutl incmumym cadieHuymea i xapuosux mexnonoeii Monoosu,
Kuwuney, Monoosa

Beryn. Inobiollpon (IHHOBamiiiHa Xap4oBHH MPOMYKT 3 KO3MHOIO MOJOKa 3
ITiIBUIIEHUMH O10JIOTIYHUMU BIIACTHBOCTSIMHM) € HE3aJEKHUM ITPOEKTOM MOJIOANX BUEHHX,
rany3s "biorexnomnii", rpant Ne 16.80012.51.23A.

Marepianu i meromu. Binxoam Ta mpoAyKTH mepepoOKH CLIBCHKOTrOCIIONAPCHKOI
MPOAYKIIii BUKOPUCTOBYIOTHCS SIK JUKEPEIO Oi0JIOriYHO aKTHUBHUX CIHONYK. Y TOH ke 4ac
OCHOBHUMHU OO'€KTaMH IOCIIKEHHS € KO3MHE MOJIOKO, MICIEBI IITaMU MOJIOYHOKHUCIIUX
OakTepiil 1 KUCIOMOJNIOYHHUX TPOAYKTIB 13 MiJBUILEHUMH OlOJOTIYHHUMHU BIIACTHBOCTSIMH.
[IpoekT nependayae 3acTOCYBaHHS CTAaHAAPTHUX Ta IHHOBAIIMHUX METOIIB 1 MPOIIECIB.

PesyabraTu i o6roBopennsi. HaykoBi pe3ynbraTtu, 30KkpeMa O4iKyBaHi TEXHOJOTII, €
a0CoJIOTHO IHHOBaliWHMMHU A PecryOnmikn MonjgoBa 1 3HaXomsThCs B paMKax
pexoHcrpykii momitTuku FOHICE® mist xapuoBux mpomykTiB i XxapuyBaHHs. [Hobiollpox
pOOUTH CBili BHECOK Y PO3BHTOK JOCITIDKEHb y Traily3i OiOTEeXHOIIOTiH, Xap4oBoi XiMii Ta
MiKpOOIOJIOTii, MPOMOHYE BHCOKWM MOTEHI[iA)l 3aCTOCYBaHHS: IHHOBAIIWHI METOIU
BUPOOHMLITBA OIOJIOTIYHO aKTHBHHUX CIIOJIYK i3 MICHEBHX Xap4yOBHX JDKEPEN; XiMiYHHUH
ckiag 1 (yHKIIOHANBHI BJIACTHBOCTI OIOJIOTIYHO AaKTUBHUX CIIONYK; XapaKTepHCTHKa
KO3MHOTI'0 MOJIOKA, BUJIIICHHS Ta 1IeHTH(]IKAIisT MOJIOYHOKHCINX OaKTepii i3 caMOKBAaCHUX
KHCJIOMOJIOUHHUX MPOAYKTIB; HAYKOBO OOIPYHTOBaHI PELENTYpPH Ta MPOLIECH BUPOOHUIITBA
KHCJIOMOJIOUHHUX TMPOAYKTIB 3 KO3UHOT MOJIOYHOT ITPOIYKIIii Ta HAYKOBO-TEXHIYHA pO3pPOOKa
METO/IB OILIHKMA TEPMIiHIB NPHIATHOCTI KHCIOMOJOYHHX MpoayKTiB. OcoOnuBY yBary
Inobiollpoa mpuninsge BUKOHAHHIO JWIUIOMHHX, MAariCTepChKHUX 1 JUCEpTaliiHUX pPOOIT,
myOJTiKanii HAyKOBUX Pe3y/bTaTiB HA HAI[IOHAJHLHOMY Ta MXKHAPOAHOMY PiBHSX.

BucHoBok. [IpoekT po3poOiieHO 3 OIVIAAY Ha OCHOBHI HOTPEOHM MICIICBOTO PHHKY —
BiJICYTHICTh IMPOMHCIIOBOTO BHPOOHHMITBA KO3WHOTO MOJIOKAa 1 mpoayktiB. Kpim Toro,
MIPOCKT HAMPABJICHUN Ha IHIIIIOBAHHSI 1 3MIIIHEHHS HOBOT'O CIIBPOOITHHIITBA MOJOIHUX
HAYKOBIIIB 3 HAYKOBO-JIOCIIITHUX YCTAHOB 1 BUIIMX HaBYAJIHHUX 3aKJIAJIIB.

Kurouosi ciioBa: [nobiollpoo, monoko, ko3a, iHHO8aYis, OOCHLONCEHH S, 0CBIMA.
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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 — 10—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 xojeris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
sanporrye Bac 1o myOmikariii pe3yabTaTiB HAyKOBHX JOCIIIKCHb.

Bumorn 1o opopmiieHHs cTaTei

MoBH cTateii — aHIITIHChKA, YKpaiHChKa, pOCifiChKa

PexomenoBanuii obcsr cratri — 8—15 cropimok ¢opmary A4 (6e3 BpaxyBaHHS
AHOTAIIIH 1 CIUCKY JIITepaTypH).

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, puknaj;: Jlenuc O3epsiHKO).
4. Yemanosa, 6 axiil sukonana poboma.
5. Anoraris. O00B’A3KOBa CTPYKTypa aHOTAIIIl:

«  Beryn (2-3 psaaxn).

«  Marepianu Ta Mmetoau (10 5 psAAKiB)

«  PesynbraTi Ta 00roBOpeHHs (IiB CTOPIHKH).

«  BucnoBku (2-3 psaaxn).
6. Kirtouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONYYEHbD).

IIyHkTH 2—6 BUKOHATH aHIIiHCHKOIO | YKPaiHCHKOI0 MOBAMM.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchoBku
. Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JIOAABaTH iHIII PO3/iIK Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABTopcbka moBinka (IIpi3Buie, iM’st Ta 10 6aTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIle
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, 10 AKOTO 32 HEOOXITHOCTI Oy/e 3BepTATUCH PENAKIIis KYpHAITY.

PucyHkn BHKOHYIOTbCS siKicHO. CKaHOBaHI PUCYHKM He INpPUHMAarOThCs. Po3Mip Tekcry Ha
PHCYHKax MOBHHEH Oyt cniBpo3mipHuM (!) Tekcry crarti. @oTorpadii MojkHa BUKOPHCTOBYBATH
JIMIIIE 32 iX 3HAYHOI HAYKOBOI HiHHOCTI.

®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 IO3HAYAIOTHCA JIATHMHCHKUMU
niTepamu BianoBinHo 1o cuctemu CL

B crnucky sitepaTypu NOBHHHI IepeBakaTH CTaTTi Ta MoHorpagii 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 3rigHo craHmapty Garvard. Bcei eneMeHTH TOCHIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanns), Ha3pa crarrti, HazBa xypnaay (kypcuBom), Tom
(HOMep), CTOPiHKH.
I[HiIiamy mUITYThCS TICIS TPi3BUILA.
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
JIaHUX Tpo MyOIiKamito NMUIIyThes cinoBa Available at: Ta Bka3yeThes €JI€KTPOHHA ajpeca.
[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 POCIMCHKOI — 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 nmyouaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis Iporiecu Ta 00aTHAHHS

XapuoBa XiMis HanorexHosorii

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHS

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOAYKTIB YnakoBKa JUIs Xap4OBUX IPOIYKTIB

SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB

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 HAyKOMETPHYHHUMHU 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 (DRIJI) (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)
Chemical Abstracts Service Source Index (CASSI) (2016)

Penensin pykommcy crarri. Martepianu, npencraBieHi s IyONliKyBaHHS B
«Ukrainian Food Journal», npoxomsits «IlonsiiiHe ciine perieH3yBaHHS» BOMa BUYCHUMH,
MPU3HAYEHUMH PENAKI[IfHOI0 KOJIETi€I0: O/IMH € YJICHOM PEINKOJIerii i OAWH He3aJeKHUU
YUEHHH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTA HE € MOPYIICHHSIM OY/Ib-
SKHX aBTOPCHKMX IIpaB, Ta BiJIIKOJOBYIOTh BHIABIIO MOPYIIEHHS JaHOi TapaHTil.
OnyOnikoBaHi MaTepianu € npaBoBoro BiacHicTio BunaBlg «Ukrainian Food Journaly,
SIKIIO HE Y3TOJDKEHO 1HIIE.

MoniTuka axagemiunoi ermku. Penakuis «Ukrainian Food Journal» xopucryerbcs
MpaBWJIaMHM aKaJIeMIiuHOi ©THKH, BHKIaZeHUX B pobori Miguel Roig (2003, 2006)
"Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A guide to
ethical writing”. Penaxiiiss nporoHye aBTOpaM cTaTed i1 peleH3eHTaM IPsAMO CIiayBaTH
LLOMY KEPIBHHUITBY, 00 YHUKHYTH IOMHJIOK y HayYKOBI#i JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIa KOpHCHA iH(pOpMAIis pO3MIillleH] Ha CalTi

http://ufj.ho.ua
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PenakuiiHa koneris
T'onoBHUIT pexakTop:

Basnepiiit MaHk, 1-p. TexH. HayK, nipod., Hayionanvruil yrHieepcumem xapuoeux
mexuonozil, Yrpaina

YuieHn MikHApOIHOI pefaKuiifHOl KoJserii:

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil yHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaH/. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bosogumup IBanoB, n-p., npod., Jepocasuuil ynisepcumem losu, CILIA

Baagimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHuti
mexHiuHUll yHigepcumem

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrtina Ilomosuw, 1-p., noi., Texuiunuii ynigepcumem Monoosu

Mapk Hlamusia, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvkuil OepoicasHuil
mexuono2iunul incmumym, Pocis

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepaanou
Mackane Qwonwo, 1-p, Yuisepcumem Knoo Bepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
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Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [orvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocvxozo HAH Vkpainu

Opiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

YiieHn pegakuiiHoi KoJierii:

Amnarodiii CaiiranoB, I-p. eKOH. HayK, pod., lucmumym cucmemnux docnioxcenv 6 AIIK
HAH benapyci

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil yHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, KaH/. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bogogumup Kobaca, n-p. TexH. Hayk, npod., Hayionanvhutl yrnieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, n-p., npod., Jepocasuuil yrnisepcumem losu, CILIA
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Ounena I'padoBchKa, I-p. TEXH. HAyK, npod., Hayionanvhuil yrigepcumem xapuoeux
mexuonozit, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionanvhuil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHONninbCoKULl HAYIOHATbHUL MEXHIYHULL
yuiepecumem imeni leana Ilymos, Yipaina

Mackane Qwonwo, 1-p, Yuisepcumem Knoo Bepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna
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mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [orvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocvroeo HAH Yxpainu

KOpiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

Ounexciii I'yoenst (BiamoBinanpbHUN ceKpeTap), KaHA. TeXH. HAYK, AOIl., Hayionaibruil
YHIgepcumem xap4oeux mexuonoziu, Ykpaina.
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