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Introduction.  The  characteristics of  biological
contaminants occurring in plant food products, such as
foodborne infections and poisonings, causative agents of
spoilage, accelerated indication of potential danger to the
consumer are of scientific and practical importance.

Materials and methods. A row of widespread and
industrially grown kinds of vegetables, fruits, berries and a
number of canned and dried products and spices were
investigated. Morphological, cultural and biochemical properties
of the isolated cultures were studied by conventional methods.
Polymerase chain reaction (PCR) was performed using group-
specific and species-specific primers to bacillary sequences with
electrophoresis of PCR products in 1.5% agarose gel.

Results and discussion.Bacillary microbial contaminants
and potential causative agents of food poisoning and food
spoilage, which are common in industrially processed types of
vegetable raw materials (vegetables, fruits, berries and products
of their processing) in Ukraine, have been investigated. The
dominance of the subtilis-licheniformis morphotypes of the
order Bacillales among the detected rod-shaped spore-forming
microorganisms is a feature of the Ukrainian vegetative raw
materials. The composition of microbiota of various types of
vegetable raw materials and products of their processing were
studied by the complex of their phenotypic and molecular-
genetic properties. The long duration and potential inaccuracy of
identification of aerobic and facultative-anaerobic spore-forming
bacteria by the complex of their phenotypic properties has been
showed. The method of preparation of food samples and PCR
with group-specific and species-specific primers for speeding-up
diagnostics of B. cereus, Paenibacillus polymyxa, P. macerans
strains in samples have been tested. Contamination of samples of
plant raw materials and products of their processing by
epidemiologically significant microorganism B. cereus were
examined, and showed levels from 16.7% in fresh fruits to
72.7% in spices from the total number of samples.

Conclusions. The bacillary microbial contaminants were
identified and a speeded up method of food samples preparation
for PCR to detect regulated bacillary microorganisms that affect
product safety was tested.
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Introduction

The assessment of food safety in modern conditions is relevant all over the world [1,2],
as an important characteristic of the quality of nutrition is becoming increasingly important
due to increasing pollution [3], and microbiological hazards as a priority in assessing the
degree of risk are due to the presence of regulated microorganisms in food. Being criterial
in the system of indicators of safety and quality of food, microbiological contaminants also
characterize the suitability of products for use [4, 5]. Besides, the qualitative and
quantitative composition of the microorganisms of raw materials, along with its
biochemical properties, determines the types, methods and regimes of technological
processing [6,7].

The deterioration of the man-made environment associated with urbanization, climatic
and geographic and environmental conditions of man, reducing its immunoreactivity and
affecting the individual microecosystems, actualizes the need for strict control of food
safety and the development of modern accelerated methods for detecting microorganisms.
When processing vegetable raw materials, particularly canned food, the quality and safety
of the finished product depends on the quality of the processed raw materials and is
determined by the absence of microorganisms and their toxins that are dangerous to human
health or changing their nutritional value [1,8,9]. In the Codex Alimentarius CAC / GL 21
document, a number of EU policy documents - the report of the EU Commission, EU
guidance document 2073 - and the documents of the Federal Food and Drug Administration
provide general information on the principles for the development and application of
microbiological criteria for different types of food products [10, 11, 12].

Among the aerobic and facultative anaerobic spore-forming bacteria of the Bacillales
order [13], the genus Bacillus is one of the largest and most common, currently includes
268 species and 7 subspecies [14], among which are the causative agents of human
foodborne illness and food spoilage [15-18]. The study of the quantitative and qualitative
composition of the microbial population of fruits, vegetables, berries, and especially their
thermally stable species, underlies the development of technological solutions for
preserving the native properties of plant raw materials before processing and guaranteeing
product safety for the consumer.

The abundance of microorganisms that make up the microbiota of plant raw materials,
the duration and inaccuracy of the identification of individual species of bacilli by
traditional methods of research, actualize the development of speeded up methods of
detecting pathogenic species that affect product safety. Therefore, the characteristics of
biological contaminants occurring in plant food products — agents of foodborne infections
and poisonings, accelerated indication of potential danger to the consumer, development of
speeded up and reliable methods for controlling the safety of products are of scientific and
practical interest.

Thus, the goal of the research is the identification of aerobic and facultative anaerobic
spore-forming bacteria of raw materials - fruits, vegetables, berries and products of their
processing, and an accelerated assessment of the safety of plant products in relation to
bacillary microbial agents of food poisoning of humans and spoilage of products.
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Materials and methods

Microorganisms

Researches of widespread and industrially grown kinds of vegetables, fruits, berries, in
particular, green peas, beetroot, tomatoes, carrots, apples, pears, plums, peaches, dill,
spinach, parsley, strawberry, a number of canned and dried products, and also spices.
Samples of raw materials were selected according to standardized selection rules for the
average sample [9, 20] immediately after the raw material was delivered for processing, the
processed products in packed, dried or canned form - after inspecting batches, paying
special attention to possible defective samples. Each sample was tested in triplicate.

Bacterial strains used in this study were obtained from the National Collection of Type
Cultures from Institute of Microbiology and Virology D.K. Zabolotny of NAS of Ukraine,
State institution "Ukrainian Centre for Disease Control and monitoring of the Ministry of
Health of Ukraine", Scientific Research Institute of preventive toxicology and disinfection
of the Ministry of Health of Ukraine, Collections of Type Cultures of Odesa National
Academy of Food Technologies and Odesa I. I. Mechnikov National University and were
used as a control strains. They are Bacillus cereus ATCC 11778, B. cereus ATCC 10702,
B. licheniformis C, Paenibacillus macerans B 5803, P. polymyxa B 5760, B. coagulans B
5850", Geobacillus stearothermophilus UCM B 718, and 117 strains isolated from food
samples of edible raw material and products.

Determination of phenotypic properties

For the analysis, flushing or shredded samples of an average raw material sample were
used which were heated for 20 minutes at a temperature of (80 + 1) °C and after cooling to
room temperature were plated onto meat-peptone agar (MPA) and incubated at a
temperature of 30 + 1°C for 24-48 hours [9, 21]. Samples of dried or canned products were
examined without additional heating. To account for the total number of bacteria in the raw
material, the samples were also inoculated without heating. Mesophilic aerobic and
facultative anaerobic bacteria (MAFAnM) were taken into consideration for inoculation for
MPA.

Morphological, cultural and biochemical properties of the isolated cultures were
studied by conventional methods on the basis of: the growth pattern on solid and liquid
nutrient media (MPB, MPA, MPA enriched with starch, nitrates, etc.), saccharolytic
properties — by inoculation of semi-liquid Giss' media, proteolytic properties by inoculation
of milk, and meat-peptone gelatin (MPG), determination of indole — by paper indicator
impregnated with oxalic acid solution, catalase — by reaction with hydrogen peroxide,
production of acetoin — by reaction with egg yolk, hemolytic activity — by the ability of
microorganisms to break hemoglobin by direct inoculation of culture on blood agar [7, 9,
20 — 22]. A quantitative characteristic was established as the proportion (%) of bacillary
species of microorganisms from the total number of detected contaminants.

DNA extraction and PCR

PCR was performed using group-specific and species-specific primers to bacilli
sequences according to Park et al. [23]. DNA was isolated from the samples using the
SureFast® PREP Bacteria F1021 (CONGEN, Germany). The composition of the mixture
for PCR: 10x PCR buffer (reaction buffer for amplification, optimized for highly specific
PCR, designation 10x implies dilution factor by other additive components of the reaction
mixture) - 2 pl, MgCl, solution with a molar concentration of 0.05 mol/l - 0, 8 ul, a solution
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of ANTPs with a molar concentration of 0.0025 mol/l of 1.6 pl, a Taq polymerase solution
with an enzymatic activity of 5 U/ul is 0.4 pul. Reagents from Fermentas (Latvia) were used.
The supernatant containing DNA was introduced into the reaction mixture in a volume of 5
ul.

The following pair of group-specific oligonucleotide primers for the groEL gene was
used, which is characteristic for all representatives of the Bacillus cereus group and 3 pairs
of species-specific primers for individual microorganisms, namely:

to B. cereus group BCGSH - IF GTGCGAACCCAATGGGTCTTC groEL
BCGSH - IR CCTTGTTGTACCACTTGCTC;
to B. thuringiensis type BTJH - 1IF GCTTACCAGGGAAATTGGCAG arB
BTJH - IR ATCAACGTCGGCGTCGG;

to B. cereus type nhe A F AAGGCGAATGTACGAGAGTGG nhe A
nhe AR CTTCTCTCGTTTGACTATCTGCAG;

to Paenibacillus polymyxa type 29Pp F GAGCGGGGTTGATTAGAAGC
179Pp R CTTTCCTCCTTCTCCCATGC ;

to Paenibacillus macerans type MAC 1 ATCAAGTCTTCCGCATGGGA
MAC 2 ACTCTAGAGTGCCCAMCWTT.

PCR cycles are primary denaturation at 94 °C for 5 min, 30 cycles of denaturation at
94 °C for 30 s, annealing at 63 °C for 30 s, elongation at 72 ° C for 30 s, final elongation at
72 °C for 5 min (Thermal cycler with BioRad software, USA). Primers were chosen on the
basis of literature data [23—25] and synthesized by SPC "Simesta VAAL" (Odesa, Ukraine).

As a negative PCR control, deionized water was used to control the purity of the
reagents. A visual evaluation of the size of the formed amplicons was carried out using
molecular weight markers.

Electrophoresis of PCR products was carried out in a 1.5% agarose gel. Trisacetate
buffer was used (Equipment for electrophoresis of PCR products from BioRad, USA).
DNA was stained with ethidium bromide (0.5 pg/ml) and photographed with a video
system (BioRad, USA) under UV light (wavelength 312 nm).

Results and discussion

Phenotypic identification of bacillary contaminants

The composition of microorganisms of food raw materials and products characterizes
both the possibility of epidemiological risk and high-quality products. Table 1 presents a
description of the morphophysiological and biochemical properties of 69 isolated strains of
bacilli, the presence of spores in which does not modify the vegetative cell, and utilizing
arabinose, mannitol and xylose with acid formation without gas (6 morphotypes). These
cultures had the following general properties: medium-sized sticks (0.6-0.8) x (1.5-3.0) -
(1.0-1.2) x (3.5-5.0) um with elliptical spores located centrally and not exceeding the size
of the cells. Also of them are gram positive; 25 isolates had pronounced mobility in diurnal
culture.
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Table 1
Description of the acid-forming bacilli of vegetable raw material and products
.. Properties of bacilli by morphotypes
Characteristics I I T % vV Vi
Number of isolates
taken for 20 16 6 12 10 5
identification
Cell sizes, microns (0,7-,8)x | (0,6-0,8)% | (0,6-0,7)% | (1,0-1,2)% | (1,0-1,2)% | (1,2-1,5)%
(2,0-3,0) | (1,5-2,0) | 2,0-2,5) (3,04,0) (3,04,0) | (2,5-3,0)
Growth on MPA in — + - + + _
anaerobic conditions
Hydrolysis of starch | + + - + +9 cultures| +
1 culture
Reduction of + + — + + +
nitrates
Decarboxylation of | B B . +8 cultures .
tyrosine +2 cultures
Hemolytic activity — — - + H+ —
Lecithinase activity | — — - + H+ —
The reaction of Vo-
ges-Proskauer (pro- | + + + + H+ —
duction of acetoin)
ion of aci
E?rﬁuac:agings: o + At + — — 3 cultures
. G+ -2 cultures
xylose, mannitol
Intended view Bacillus  |Bacillus |Bacillus | Bacillus |Bacillus |Bacillus
subtilis licheni- | pumilis cereus thurin- mega-
[formis giensis terium

All cultures have an aerobic type of respiration (catalase-positive), but 38 of them also
showed the ability to grow on MPA under anaerobic conditions. Of the other common
properties, all isolated cultures with varying degrees of intensity exhibited the ability to
liquefy gelatin, hydrolyse casein, assimilate glucose, lactose, sucrose to produce acid
without gas production, but only 45 of them developed on media with mannitol, xylose or
arabinose. To the utilization of tyrosine, the ability was detected in 27 isolated cultures, for
two it was not established reliably. With the exception of six isolates, all reduced nitrates to
nitrites. Twenty-two cultures showed lecithinase activity.

Determination of the proportion of isolated acid-forming bacilli from the identified (%)
allows them to be arranged in descending order in the following order: Bacillus subtilis-
Bacillus licheniformis > Bacillus cereus > Bacillus megaterium > Bacillus pumilis >
Bacillus thuringiensis.

According to the totality of the morphological and cultural features of the isolated
cultures of the first and second morphotypes studied by us, it can be concluded that, with a
common coincidence of most of the individual indices, they differ among themselves by
few (the relief of the colonies - representatives of the I morphotype on the MPA formed
small grayish shiny colonies and II morphotypes - blurred; representatives of the first
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morphotype, when sown with a prick, gave crater-like liquefaction of gelatin,
representatives of the second morphotype were saccular, and representatives of the I and II
morphotypes opacity and thin film were formed on MPB, but in the second case, the broth
was cleared, the representatives of the first morphotype alkalized the milk during
peptonization) and can be combined into the group subtilis-licheniformis. These cultures
accounted for the largest proportion of bacilli found on raw materials. It is these
microorganisms that most often constitute the permissible aerobic microbiota of heat-
treated benign products intended for long-term storage [20].

From Table 1 description it becomes created that bacillus of the subtilis-licheniformis
group, six cultures from the third morphological group were distinguished by smoother,
whitish shiny colonies on MPA growing into a substrate, formation of a thin film on the
MPB, and opacity, peptonization of milk without clotting; crater-like liquefaction of gelatin
during inoculation in a stalk, lack of amylase and tyrosinase activity and the ability to
reduce nitrates. Presumably they were attributed to the species Bacillus pumilis, whose
number was insignificant and amounted to no more than 10.8% of the total number of
bacilli that contaminated the investigated raw materials.

In the fourth group of cultures, smooth grayish-white colonies formed on the MPA,
caused an opacity of the MPB and the formation of a sediment, did not change the kind of
milk, did not liquefy gelatin when planted with a prick, forming a brilliant coating on the
surface. They split maltose, did not split mannitol. In the early stages of growth on glucose
agar, the cells contained fat globules. Disputes formed quickly. All cultures exhibited
lecithinase activity on the yolk agar, formed acetoin and characteristic ruby colonies on salt
agar with 2,3,5-triphenyltetrazolium chloride, as well as indole, which confirmed their
difference from B. pumilis and microorganisms of the subtilis-licheniformis group. This
allowed us to define them as B. cereus. On the types of plant raw materials studied, B.
cereus varieties comprised between 8.5 and 29% of the total number of bacilli.

Colonies of group V bacilli are roundish, greyish-white, with a pasty consistency, a
matte surface, like B.cereus, with a slightly-wavy margin. Presumably, this group can be
formed by strains of B. thuringiensis. On the investigated vegetables, B. thuringiensis
species were small, but prevailed on parsley and spices.

An important reference point in the identification of group VI bacilli was the size, cell
structure, folded macrorelief of the colony, which differentiate them from the species
described above. Colonies on MPA are round, thick, convex, whole, shiny, slimy. With the
age of the culture, the substrate is colored brown. On the MPB, the growth is meager in the
form of haze, forming a greyish surface coating on the gelatinous media, when planting
with a stab in the column - liquefaction in the form of a crater. Milk does not roll,
peptonizes. In old cultures, the growth in MPA revealed fat. Representatives of the sixth
group were identified as B. megaterium. Reactions of tyrosine cleavage and reduction of
nitrates varied depending on the age of the culture. The heat-resistant strains of these bacilli
in the samples were also small: 4-14%.

The bacilli described in Table 2, are gram-positive mobile rods whose spores are larger
in diameter than the thickness of the cells and are subterminal or terminal. They form
catalase, but are able to grow on MPA under anaerobic conditions, and also hydrolyze
starch, casein, reduce nitrates to nitrites, do not form indole, lecithinase and tyrosinase. In
contrast to the bacilli described in Table. 1, when cultivated on media with arabinose,
xylose and mannitol form a gas along with the acid.

The group of bacilli VII is made up of microorganisms that grow poorly on MPA with
the formation of thin round beige widespread colonies. They cause turbidity of the MPB
and form a mucous precipitate. The Gram-staining of cells during cultivation on different
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media showed variability. These bacilli do not decarboxylate tyrosine and do not form
acetylmethylcarbinol, liquefy gelatin. On a gelatinous medium, a weak surface coating is
formed, they do not cause liquefaction during seeding. Starch hydrolyzed completely - to
mono- and disaccharides. Milk coagulate with the formation of gas, utilize glucose, lactose,
maltose to form acid. The complex of the revealed properties of this group basically
coincides with the description of bacilli of the species B. macerans (formerly called B.
aerosporus), which are currently reported to be of the genus Paenibacillus [26].

Table 2
Description of the acid- and gas-forming bacilli of vegetable raw material and products

. Properties of bacilli by morphotypes
Characteristics Vil VIII IX
Number of isolates selected for 15 19 14
identification
Cell sizes, microns (0,5-0,6)x (0,6-0,7)x (0,7-1,0)x
(3,0-4,0) (2,0-3,5) (2,0-3,0)
Hydrolysis of casein - + +
Gelatin liquefying + + weak reaction +
Production of acetoin - + -
Decarboxylation of tyrosine — - -
Intended view Paenibacillus Paenibacillus Bacillus
macerans polymyxa circulans

A distinctive feature of the Bacillus group VIII is the formation of mucus on dense and
liquid substrates and slow liquefaction of gelatin. On MPA form grayish shiny large
colonies, on the MPB — turbidity, sediment, surface film of grayish color. Milk does not
coagulate, does not form an indole. The starch is hydrolyzed, gelatin liquefies slightly (bag-
like liquefaction). These bacilli can presumably be attributed to varieties of P. polymyxa.

Group IX was made up of bacilli, which form thin spreading colonies on the surface of
the MPA. Causes mild turbidity of the MPB and mild acid formation in milk (slow
coagulation). On gelatinous media grow in the form of a slight surface coating, when
inoculation with a prick growth was absent. Glucose, lactose, sucrose is digested with the
production of acid. Three isolates in this group after growing on different substrates stained
Gram variably, the rest - positively. By the type of respiration they are classified as
facultative anaerobic microorganisms. They do not form acetoin, slowly dilute gelatin,
hydrolyze casein. According to most of the characteristics, the description corresponds to
B.circulans, a number of strains which belong to the genus Paenibacillus [27]. This species
is considered mesophilic, but the literature notes the presence of thermophilic variants [1].

Detection of bacilli VII-IX morphotypes in raw materials draws attention to the need
for their control in packaged products and after heat treatment (in particular, preserves,
canned food) as potential causative agents of bomb damage.

Acid-forming and gas-forming bacilli on the studied raw materials are represented by a
relatively small amount — from 2-4% on strawberries to 15% on green peas from the total
number of allocated bacilli.

It should be noted that the morphophysiological, cultural and biochemical properties of
the studied cultures did not always show convincingly. On different media, some R-form
colonies transformed into S-form colonies, which made it difficult to identify themselves by
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culture and tinctorial characters. Identification difficulties prevented the introduction of the
characteristics of some crops into tables and clearly determined the proportion of isolates
studied in the total number of bacilli found on the raw materials examined. As studies have
shown, the precise identification of bacillary species of microorganisms by classical
methods is not only time-consuming, laborious, but often difficult to accurately identify.

PCR detection of B. cereus in food samples

Since the microorganisms of the B. cereus group cause foodborne illnesses and are
potentially enterotoxigenic for humans, the ability to rapidly detect B. cereus in food is
critical [1, 5-7, 23, 28].

To choose more efficient pretreatment method of raw samples and products for
detection of enterotoxin-producing B. cereus, samples were inoculated with the culture of
each test strain of bacilli and further experiments with DNA release from strains B. cereus
ATCC 11778, B. cereus ATCC 10702, B. cereus UCM B 5650 and B. cereus UCM B 5671
were carried out in three variants: inoculated bacteria samples without pretreatment (wells
7, 9, 10), and the samples previously centrifuged to remove organic residues and filtered
through «Millipore» nitrocellulose membrane filters (wells 1, 4), and the samples
centrifugated twice in developed modes (wells 3, 11, 12, Figure 1).

It was revealed that pre-treatment of samples is desirable for the detection of toxin-
producing B. cereus in plant raw materials and products using PCR: on the
electrophoregram the amplicons that were formed in the case of filtering were more clear,
however, preliminary preparation with double centrifugation was most effective (Figure 1).

Thus, the method of preliminary treatment of samples of plant raw materials and
products with double centrifugation: the first - to remove the residues of organic substances
of the product and the second for the concentration of microorganisms. Sampling regimes
have been submitted for priority and they have been used for further research.

To confirm the specificity of PCR, the B. cereus strain UCM B 5671 was tested with
the nhe primer to the enterotoxigenic gene nhe A (well 17). The size of the amplicon
formed was 553 bp. Thus, by the PCR method, the ability to form an amplicon at 400 bp to
the gene groEL, which is characteristic for all representatives of B. cereus group.

B. cereus causes diarrhea and emetic syndromes, producing various extracellular
toxins, including the three main types of enterotoxins, namely hemolysin BL (%bl),
nonhemolytic enterotoxin (rhe) and cytotoxin K (cyt K) [13].

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 toxicity, which is associated with a major role
in food poisoning. The polymerase chain reaction with specific primers nhe A F and nhe A
R, matched to the site of the nhe A 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 P. polymyxa and in negative
control (PCR mixture without DNA), no amplification products were detected. The size of
the amplicons was 553 bp, which indicated the proper specificity of the PCR.

PCR results with product samples containing different combinations of bacterial strains
using specific species-specific primers are shown in Figure 2.
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Figure 1. Electrophoregram of PCR products with DNA of strains of Bacillus spp. with a pair of
specific oligonucleotide primers to the gene groEL:
1. B. cereus UCM B 5671 (using a membrane filter)
Negative PCR control;
B. cereus ATCC 11778 (using centrifugation)
B. cereus ATCC 10702 (using centrifugation)
B. cereus UCM B 5650 (using a membrane filter)
B. cereus UCM B 5671 (using a membrane filter)
B. cereus UCM B 5671 (without filtration)
Do not inoculate bacteria from cans;
B. cereus ATCC 11778 (without filtration)
. cereus ATCC 10702 (without filtration)
. cereus P90-1 (using centrifugation)
. cereus P90-4 (using centrifugation)
. cereus P90-9 (using centrifugation)
. cereus L-3 (using centrifugation)
15. . cereus L-6 (using a membrane filter)
16. B. cereus L-7 (using a membrane filter)
17. B. cereus UCM B 5671 with the primer nhe A;
18. Molecular weight markers (pBR322 / BsuRI, Fermentas).
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Figure 2. Electrophoregram of PCR products with DNA strains of B. cereus, P. polymyxa, P.
macerans, E. coli, S. aureus, C. perfringens, G. stearothermophilus species with a pair of specific
oligonucleotide primers to the nhe 4 gene:

1. A mixture of B. cereus strains (B. cereus ATCC 11778, B. cereus ATCC 10702, B.
cereus UCM B 5650, B. cereus UCM B 5671);

2. A mixture of strains of B. cereus, P. polymyxa and P. macerans (P. macerans B 5803,
P. polymyxa B 57607, B. cereus ATCC 11778, B. cereus ATCC 10702, B. cereus UCM B
5650, B. cereus UCM B 5671);

3. A mixture of B. cereus and P. polymyxa strains (P. polymyxa B 57607, B. cereus
ATCC 11778, B. cereus ATCC 10702, B. cereus UCM B 5650, B. cereus UCM B 5671);
4. A mixture of B. cereus and P. macerans strains (P. macerans B 58037, B. cereus
ATCC 11778, B. cereus ATCC 10702, B. cereus UCM B 5650, B. cereus UCM B 5671);
5. C. perfringens and G. stearothermophilus UCM B 718;

6. Staphylococcus aureus ONU 223;

7. Molecular weight markers (pBR322 / BsuRI, Fermentas);

8. Escherichia coli UCM B 906.

Primers nhe A F and nhe A R formed an amplicon sized 553 bp in PCR with B. cereus
strains, primers 29Pp F, 179Pp R formed an amplicon with a size of 150 bp with strains of
the species P. polymyxa, primers MAC 1, MAC 2 formed an amplicon with a size of 100 bp
with strains of the species P. macerans. In PCR using the DNA of gram-negative bacteria
Escherichia coli UCM B 906 and gram-positive bacteria Staphylococcus aureus ONU 223,
C. perfringens and G. stearothermophilus UCM B 718, which were conducted to verify the
authenticity of the results of detection of natural contamination of specimens by food
poisoning and product damage agents, no amplification product was obtained. The results
of detection of strains of the B. cereus species by the presence of the nhe A gene in the
studied plant products are shown in Table 3.
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Table 3
B. cereus contamination of plant raw materials and products of their processing
Product type Number of | Number of samples Proportion of
samples, n that contain contaminated samples,
B. cereus %

Fresh fruit 12 2 16,7

Fresh berries 9 3 33,3

Fresh vegetables 34 21 61,8

Canned food with signs 9 4 44,4

of spoilage

Dried vegetable mixes 16 7 43,7

Spices 11 8 72,7

Dried herbs 14 10 71,4
Vegetables boiled in 12 2 16,7

vacuum polymer bags

Comparing the results with those given for vegetables from the city of Mexico, it is
possible to note practically the same trends of detection of B. cereus for most types of fresh
vegetable raw materials — 61.8% and 57% for the Ukrainian and Mexican regions,
respectively [29]. And as noted by Valero et al. [30] in Spain, all samples of fresh raw
materials - peppers, cucumbers, tomatoes, carrots, zucchini, onions - were contaminated
with B. cereus. This, according to INFOSAN [31], leads to an increase in the incidence of
foodborne illness.

Conclusions

Bacillary microbial contaminants and agents of food poisoning of plant raw materials
and products of the Ukrainian region were identified. The composition of microbiota of
various types of vegetable raw materials — vegetables, fruits, berries — and products of their
processing were studied. A feature of plant raw materials of Ukraine is the dominance of
rod-shaped spore-forming microorganisms of the Bacillales order of the group subtilis-
licheniformis. To accelerate the indication of the potential hazard of products for
consumers, a method for preparing food samples was tested and PCR with group-specific
and species-specific primers was performed in order to diagnose strains of B. cereus, P.
polymyxa and P. macerans microorganisms in samples. The contamination of samples of
plant raw materials and products of their processing with epidemiologically significant
microorganism B. cereus were examined, and showed levels from 16.7% in fresh fruits to
72.7% in spices from the total number of samples.
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Introduction. The respiratory rates of English walnut
(Juglans Regia L.) and factors that may affect it were studied.

Materials and methods. The walnut respiration intensity
was determined by the confined atmosphere process. It was used
the CO, capture method removed from the product with alkaline
solution. To assess the influence of temperature on the respiration
intensity of unshelled walnuts and walnut kernel, they were kept
under four temperature regimes: 62, 18+2, 30+£2 and 50+2 °C.

Results and discussion. Respiration is one of the oxido-
reduction processes that can lead to the oxidative degradation of
walnut lipids, respectively their qualitative degradation.

Walnut moisture content is one of the main factors
influencing the respiratory rate. Initial respiration intensity of the
walnuts is high, but falls sharply in the first 15 days of storage.
This decrease being related to the reduction in walnut moisture.
The respiration intensity of walnuts decreases slightly after 15
days of storage.

There was established a relationship between the respiration
intensity and environmental temperatures. The maximum of
respiratory rates were at 30 °C.

Respiration intensity of the walnut kernel is greater than that
of the unshelled walnuts, the shell serving as a barrier to the
direct contact between the kernel lipids and oxygen. The walnut
kernel respiration intensity increaces from 5 mg to 23 CO./kg'h
at an increase of temperature from 5 to 30 °C. At a further
increase of temperature to 60 °C the respiration intensity reduces
to 15 CO,/ kg'h. The unshelled walnut respiration intensity
increaces from 5 mg to 17 CO, kg'h at an increase of
temperature from 5 to 30 °C. At a further increase of temperature
to 60 °C the respiration intensity reduces to 12 CO,/ kg h.

It is noted that the walnats lipids acidity index correlates
with the storage temperature, but more pronounced in the case of
the kernel and slower for unshelled walnuts. The acidity index of
the lipids of and unshelled walnut and kernel doesn’t change at
an increase of temperature from 5 to 15 °C and it is
approximately 0.35 mg NaOH/g prod. At a further increase of
temperature to 40 °C the lipid acidity index increases to 0.8
NaOH/g prod (for the kernel) and 1.1 (for unpurified walnuts). At
a further increase of temperature to 60 °C, the lipid acidity index
reduces to 0.6 NaOH/g prod.

Conclusions. Walnut respiration may be limited by low
temperatures storage. It is therefore important to ensure storage
stability by complying with the limit values for the water content
of walnuts. Fruit morphologiacal state also affects the respiration
intensity, this parameter being greater for kernels than for
unshelled fruits, the differcence being due to shell which servs as
a barrier to the direct contact between the kernel and the oxygen.
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Introduction

Worldwide walnuts are recommended as a constituent of balanced human nutrition.
The high protein and oil contents of the kernels of Juglans regia L. (Juglandacea) make this
fruit indispensable for human nutrition [13]. Walnuts contain about 65% lipids with a
very high level of unsaturated fatty acids making fruits prone to lipid degradation.

In Moldova, walnuts have been and continue to be a valuable agricultural product.
Moldova is favorably positioned from a geographical point of view, on both climatic and
pedological conditions for the cultivation of nuts [1], being among the top ten kernel and
unshelled walnut producers in the world [2], The volume of production reaching about 30
thousand tons per year [3]. Since the year 2000 the walnut culture has known a substantial
evolution in the Republic of Moldova, greatly sustained by the joint efforts of some active
promoters and of the Government financial assistance. [12]

Storage of fresh harvested walnut for a certain period of time - is one of the most
important processes [4], being paramount importance in quality maintenance. Walnut fruits
may be stored either in-shell or shelled. A general belief is that fruits are better preserved
when stored in-shell than after shelling. However, the former method has two
disadvantages. The first is that in-shell nuts occupy a far greater storage volume. The
second is that a larger percentage of nuts are damaged mechanically during shelling since
the in-shell nuts are stored at low moisture content (m.c.) to prevent degradation during
storage. The higher the level of broken nuts, the lower is the deterioration percentage of the
seeds [18].

The main walnut quality concerns are rancidity, mold growth, insect infestation, and
stale flavor. Earlier, Prabhakar (1977) reported that development of undesirable odours
occurred in walnut kernels when stored at higher humidity and free fatty acid content
increased with increase in temperature and storage period [14].

Changes of the chemical compounds of walnuts is carried out in several ways, but the
basic direction is respiration, which in fact presents a range of biochemical oxidation -
reduction reactions.

Respiration is one of the oxido-reduction processes that can lead to the oxidative
degradation of walnut lipids, respectively their qualitative degradation.

In spite of having been removed from the tree, walnuts remain as living organs after
harvest. They are living organs in which respiration processes predominate, because their
supply of new nutrients has been cut off by separation from the parent plant. Throughout
respiration, product nutrients (carbohydrates or lipids) are broken down to their constituent
parts to produce energy to run cellular processes, thus keeping the cells and organism alive.

As respiration continues, compounds that affect plant flavor, sweetness, weight, turgor
(water content), and nutritional value are lost [11]. It is obvious that the rate or intensity of
respiration depends on the chemical composition of the walnut kernel, the degree of
maturation and other external factors such as temperature, oxygen concentration in the air,
etc [5-6].

There is little the postharvest physiologist can do to alter the internal factors affecting
respiration of harvested commodities, since they are largely a function of the commodity
itself once harvested. However, a major part of postharvest technology is devoted to
reducing respiration and other metabolic reactions associated with quality retention by
manipulating the external environment.

Without a doubt, the most important factor affecting postharvest life is temperature.
This is because temperature has a profound affect on the rates of biological reactions, eg.,
metabolism and respiration. Over the physiological range of most crops, ie., 0 to 30 °C (32
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to 86 °F), increased temperatures cause an exponential rise in respiration. The Van't Hoff
Rule states that the velocity of a biological reaction increases 2 to 3-fold for every 10 °C
(18 °F) rise in temperature [15—17]. Additional information on respiration rates at different
temperature levels is needed for the solution of practical problems concerned with storage
and transportation of fresh.

For this reason, the purpose of this study was to investigate the walnuts respiration
intensity, as well as its dependence on the morphological state of stored fruits (nuts in shell
or kernel) and on the temperature of the storage medium.

Materials and methods
Materials

Walnult fruits, variety Calarasi, were collected from local walnut plantation, largara,
Moldova. All chemicals used for experiments were at least analytical grade.

Sample preparation

Each sample was prepared for the experiment by first eliminating unsound or injured
specimens.The sample was then divided into two or more weighed lots for the measurement
of the rate of respiration at different temperatures. After weighing, each lot of fruit was
kept at the temperature at which it was desired to measure the rate of respiration for several
hours or overnight before starting the experiment

Method

To assess the intensity of respiration, as well as the influence of temperature on it, were
used both nuts in shell and kernel.

To assess the influence of temperature on the respiration intensity of unshelled walnuts
and kernel, they were kept under four temperature regimes: 6+2°C, 18+2°C, 30+2°C and
50+2°C. The respiration intensity was determined by the confined atmosphere process as
recommended by Boysen -Jensen [7]. The CO, capture method removed from the product
with alkaline solution is the most perfect and most commonly used in scientific work.

The apparatus used in the measurement of respiration intensity consists of a desiccator
provided with a vertical tube filled with granulated sodium hydroxyde. The air entering the
desiccator was first drawn through the tube to free it from carbon dioxid. The dessicator
bottom was supplied with a Petri dish containing sodium hydroxide solution, this way the
eliminated CO2 through respiration processes is capted by this solution. Then, the method
of double titration was used, in which phenolphthalein and methyl orange are employed
successively.

Normal hydrochloric acid was added to the alkaline solution, in presence of
phenolphthalein, until it was colorless. Methyl orange was then added and the titration
finished.
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Results and discussion

Respiration is affected by a number of environmental factors such as light, temperature,
chemical stress, pathogen attack, the action of radiation, the action of humidity, etc. The
most important post-harvesting factors are temperature, atmospheric composition and
physiological state.

The process of respiration of the fruit is relatively large topic discussed in the scientific
literature and specialist, but the studies on Juglans Regia nuts are very limited [8-10], and
on the nuts grown in Modova are totally lacking. The evolution of respiration intensity of
fresh nuts (directly after harvesting) stored at 20 °C was monitored for 60 days from
storage. Following the conventional method of expressing the degree of respiratory activity,
the results of these experiments are reported in terms of carbon dioxide production.
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Figure 1. Evolution of respiration intensity of fresh harvested walnuts

Initial respiration intensity of the walnuts is quite high, but falls sharply in the first 15
days of storage. In the following period, the respiration rate continues to decrease at a much
lower rate. This decrease is likely (at least in part) related to the reduction in walnut
moisture from 20% for fresh walnuts to 12% after 15 days and 8% - towards the end of
storage.

In order to identify the impact of the ambient temperature and the walnuts
morphological state on the respiration process, the respiration intensity of unshelled nuts
(dried up to W = 8%) and of the walnut kernel at different temperatures was studied. The
results obtained are shown in Figures 2 and 3.
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Figure 2. Dependence of the unshelled walnut respiration intensity of the ambient temperature
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Figure 3. Dependence of the walnut kernel respiration intensity of the ambient temperature
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The obtained data reflects the respiration intensity of unshelled walnuts. Maximum
values of this indicator were obtained by storing walnuts at 30 °C (17.6 mg CO,/kg-h), after
t> 40 °C the intensity of walnuts tends to decrease.

It has been found that the respiration intensity of the walnut kernel is greater than that
of the unshelled fruits. It is worth mentioning that this differcence is probably due to shell
which servs as a barrier to the direct contact between the kernel and the oxygen. When
shelled, walnut lipids react with atmospheric oxygen which enters into an addition reaction
with unsaturated fatty acids through the simultaneous assistance of light, heat and certain
fat companion substances. Rancidity caused by oxidative fat cleavage is particularly
noticeable in the case of shelled walnuts, because the shelling process results to a certain
degree in exposure to atmospheric oxygen.

From the figures and presented equations we deduce that the respiration rate of walnuts
depends largely on the temperature of their storage. Respiration intensity in both cases
(shelled and unshelled fruits) increases slowly with increasing temperature from 4 to 20 °C,
then suddenly rises to the maximum value at temperatures of about 30-40 °C, followed by a
decrease in respiration intensity at higher temperatures.

Increased respiration intensity in the temperature range 20-37 °C can be explained by
increasing the activity of lipases that induce lipid hydrolysis processes and increase the
amount of substrate (fatty acids) for respiratory processes. Endogenous lipids in the walnut
kernel hydrolyze lipids to glycerin and free fatty acids, which are then oxidized to produce
the energy required for plant biological activity. At temperatures above 40°C enzymes are
denatured and inactivated.

Hence, lipid hydrolysis was mentioned, the dependence of the acidity index (expressing
the free fatty acid content) of lipids of walnuts held at different temperatures was studied.
The obtained results are shown in Figure 4.
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Figure 4. Dependence of acidity index of unshelled walnut and kernel lipids of storage
temperature
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It is noted that the acidity index correlates with the storage temperature, but more
pronounced in the case of the kernel and slower for unshelled walnuts.

Conclusion

In walnuts (particularly when fresh), metabolic processes continue even after
harvesting. They absorb oxygen and excrete carbon dioxide (CO,).

Initial respiratory intensity of walnuts is quite high, but drops sharply in the first 15
days of storage. This decrease is associated with the walnut moisture content, that is why it
is therefore important to ensure storage stability by complying with the limit values for the
water content of the walnut fruits.

A relationship has been established between respiration intensity and storage
temperature, as the temperature increases product respiration rate increases sharply and at
30 °C reaches a maximum.

Storage conditions and fruits morphological state (shelled or unshelled fruits) affect
respiration intensity, thus, reducing the rate of respiration is an important consideration in
extending the postharvest life of walnut fruits and optimizing postharvest quality.
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Introduction. The influence of maize germ oilcake on
processes of wheat dough final ripening, as well as on bread
nutritional and biological value was studied.

Materials and methods. The following materials were
used in the studies: maize germ oilcake, wheat flour of the
first quality, bakery pressed yeast, salt, potable water. The
intensity of ethanol fermentation was determined on the
basis of gas production rate in the dough and intensity of
lactic-acid fermentation — on the basis of change of its
titratable acidity. The bread quality parameters, as well as its
nutritional value were studied by generally accepted
methods.

Results and their discussion. The results of
experimental studies have shown that substitution of wheat
flour with 10.0 to 20.0% of maize germ oilcake promotes
intensification of acid accumulation and gas production in
the dough, which is the basis for shortening the interval of its
ripening by 6.0 to 17.0%. At the same time, reduction of the
dough volume is observed as the additive dosage is
increased. The bread manufactured by straight-dough
method with addition of the maize germ oilcake has a
pleasant corn aftertaste and flavor, more intensively colored
crust and soft part, higher moisture and titratable acidity
parameters, in comparison with the check sample.
Introduction of more than 15% of the additive leads to a
substantial decrease of porosity parameters and bread
specific volume that makes it impossible to recommend its
greater dosage in case of straight method of bread
manufacture.

The bread manufactured with the use of 15% of the
maize germ oilcake is characterized by a higher content of
lysine, cystine, methionine and threonine unsubstituted
amino acids, higher content of dietary fibers by 1.7 times,
vitamins B; — by 1.4 times, E — by 3.0 times, magnesium —
by 2.2 times, iron — by 2.3 times.

Conclusion. Use of 15% of maize germ oilcake in case
of straight method of bread manufacture makes it possible to
obtain the products of high quality and increased nutritional
and biological value.
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Introduction

One of the global problems of today is propagation among population of the most
countries of alimentary diseases caused by unbalanced diet. The modern method of its
solution consists in increase of nutritional and biological value of every-day consumption
products, including breadstuffs. It is known that traditional bread types having a high
energy value are characterized by unbalanced amino acid composition, low content of
dietary fibers, low content of many vitamins and mineral substances. Therefore, an
important task of bread-making branch consists in forming the range of breadstuffs
enriched with physiologically functional ingredients. A promising way of task-oriented
change of breadstuff chemical composition is provided by use of in breadstuff technology
of products obtained in flour-milling and fat-and-oil industries and during cereals
manufacture.

To increase the nutritional and biological value of bread, we proposed to use maize
germ oilcake being a byproduct in technology of maize oil manufacture. The maize germ
oilcake comprises a finely dispersed powder characterized by a high content of protein
(20.0%), starch (25%), as well as dietary fibers (22.5%) which are mainly represented by
hemicelluloses and cellulose. It contains 29.7 mg/100 g of vitamin E, 0.73 mg/100 g of
vitamin B; and 5.6 mg/100 g of vitamin PP, as well as considerable quantity of mineral
substances, such as calcium, magnesium, phosphorus and iron [1].

It is known that use of enriching raw materials in bread technology influences not only
on nutritional value of finished products but also on progress of processes of dough
ripening, including microbiological ones [2-5]. The microbiological processes are one of
key factors determining bread quality. Intensity of ethanol fermentation largely determines
volume of dough pieces and finished products, and lactic-acid fermentation products play
an important role in forming organoleptic, physical and chemical properties of dough and
bread.

The objective of these studies, which results are presented below, was determination of
influence of the maize germ oilcake on progress of microbiological processes taking place
during ripening of wheat dough, as well as on parameters of bread quality and its nutritional
and biological value.

Materials and methods

In our studies, we used maize germ oilcake (Table 1), wheat flour, pressed bakery yeast,
food-grade cooking salt and potable water.

To obtain the check sample of bread, we kneaded 44% moisture dough of wheat flour
with addition of 3.0% of pressed bakery yeast, 1.5% of salt, as well as potable water. To
obtain the test samples, the maize germ oilcake was introduced in the stage of dough
kneading in dry condition in quantity of 10.0, 15.0 and 20.0% instead of flour. With
consideration of the data on water-absorbing capacity of dough in case of introduction of
additive [6] obtained earlier, its moisture contents in the test samples were 44.8, 45.3 and
45.7%, respectively. All dough samples were subjected to ripening. The ripened dough was
divided to 280 g pieces, which were rounded, placed in baking tins, held there for (30 to
40)x60 s at a temperature of 37 °C and baked for 30x60 s at a temperature of 180 to 220
°C.
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Table 1
Quality parameters of maize germ oilcake

Parameter Description of parameter
Appearance Finely dispersed dry powder
Taste Pleasant sweetish corn taste
Flavor Pleasant corn flavor
Color Light yellow
Titratable acidity, deg. 7.8
Moisture, % 13.8

The influence of maize germ oilcake on dough ripening microbiological processes was
studied by change of parameters of gas production rate and titratable acidity in the dough,
as well as by change of its volume during fermentation.

The gas production rate in the dough was determined with the help of lago-Ostrovsky
instrument [7]. To determine quantity of gas released during fermentation, a 500 cm’
conical flask with 100g of dough was put into thermostat at a temperature of 30 °C. The
flask with dough was closer with rubber plug having a tube connecting it with other flask
filled with sodium chloride saturated solution. The quantity of gas released during
fermentation corresponds to quantity of displaced sodium chloride saturated solution.

To determine change of volume during fermentation, 50 g of kneaded dough was
placed in 250 ecm® graduated cylinder previously lubricated with oil, which was held in
thermostat at a temperature of 30 °C. The initial volume of dough and its changes during
fermentation were recorded.

The titratable acidity was determined by method described in [7]. For this purpose, 5 g
of dough was rubbed with 50 cm® of water, 3-5 drops of 1% phenolphthalein solution were
added, and then the obtained solution was titratable with 0.1 mol/dm’ solution of sodium
hydroxide till appearance of pink color not disappearing for one minute. The acidity was
calculated with the use of the following formula:

X:a'100~K,

G-10 (1.2)

where X — titratable acidity, deg.;
a — quantity of milliliters of 0.1 mol/dm’ solution of NaOH used for titration;
G — mass of accurately weighed substance, g;
10 — conversion from 0.1 mol/dm’ to 1 mol/dm’ of alkali solution;
K — correction coefficient for alkali titer.

The assessment of organoleptic parameters of product quality (appearance, color,
condition of crust, condition of soft part, taste and flavor) was carried out after the bread
was fully cooled [8]. The physical and chemical parameters of quality, such as moisture,
specific volume and porosity, were determined with the use of generally accepted
procedures [9—11].

For determination of bread titratable acidity, 25 g of its soft part was placed in a flask
having capacity of 500 cm®, where 250 cm’ of water having temperature of 20 °C was
added. The flask was closed with plug and vigorously shaken for 2x60 s, settled for 10x60
s, shaken for 2x60 s and settled again for 8x60 s. Then the solution was filtered, 50 cm® of
the filtrate were taken with pipette and transferred in two 150 cm® conical flasks, 2-3 drops
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of phenolphthalein solution were added, and titration was carried out with 0.1 mol/dm’
solution of sodium or potassium hydroxide till appearance of light pink color not
disappearing for 1x60 s [11].

The titratable acidity was calculated with the use of the following formula:

K=2w, (1.3)

where Y is the volume of 0.1 mol/dm’ solution of sodium or potassium hydroxide lost for
titration.

The content of protein in bread was determined by modified Kjeldahl’s method,
content of certain amino acids — by method of ion-exchange liquid-column chromatography
on automatic analyzer of amino acids T339 (Mikrotechna, Prague) [12], fat content and
total quantity of carbohydrates — by method presented in [13]. The total content of dietary
fibers was determined by fermentative methods [12], and that of tanning substance — by
titrimetric methods [14], quantity of vitamin B; — by special method described in [15], that
of vitamin E — by thin-layer chromatography method with a high resolution [16], quantity
of mineral substances — by atomic emission spectrometry [17].

The protein amino acid score (AC, %) was calculated with the use of the following
formula:

ac =L 100,
£ (1.4)

where P — the content of certain amino acid in 100 g of protein of studied product, mg/g;
P; — the content of this amino acid in «ideal protein» according to the data of
FAO/WHO, (mg/g) [9].

Results and their discussion

The results of determination of influence of maize germ oilcake on gas production
process in the wheat dough are presented in Figure 1.

From the data presented, it can be seen that its addition in the entire studied range
causes intensification of ethanol fermentation in the dough. In the first stage of
fermentation, easily accessible sugars contained in the dough are fermented. Reduction of
their quantity in the system leads to decrease of gas production rate. From the Figure, it can
be seen that this phenomenon is observed in the check sample after 70x60 s from the
beginning of our experiment, while in the test samples — by (10 to 30)x60 s earlier.

Accumulation in the dough of sufficient quantity of maltose as a result of starch
amylolysis and also yeast adaptation to its use leads to intensification of ethanol
fermentation, which results in increase of rate of carbon dioxide formation to be continued
until deficiency of maltose in the dough occurs. Further reduction of gas production rate
evidences expediency of completion of dough ripening stage. The maximum gas production
rate in the dough samples with added maize germ oilcake takes place in (150 to 170)x60 s
from the beginning of experiment, and in the check sample — in 180%x60 s, which comprises
the precondition for reduction of dough ripening duration by 6 to 17% in case of
introduction of the additive.
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Figure 1. Change of gas production rate in dough with maize germ oilcake:
1 — without additive (check sample);
2, 3, 4 — with introduction of 10.0; 15.0 and 20.0% of additive, respectively

Intensification of gas production in the dough in case of addition of maize germ oilcake
is connected, in our opinion, with high content in it of mono- and disaccharides, amino
acids, vitamins and mineral substances, which are a nutrient medium for bakery yeast and
promote activation of its vital activity. Besides, maize starch is more accessible for
amylolytic enzymes, in comparison with wheat one, which promotes more intensive
accumulation of maltose in the dough.

The results of study of influence of the tested additive on change of the dough volume
during ripening are presented in Figure 2.

It can be see from the Figure that addition of maize germ oilcake in the entire test
interval promotes reduction of dough volume in relation to the check sample. For example,
in case of decreasing the duration of ripening dough with maize germ oilcake by (10 to
30)x60 s, the dough volume is lesser by 6.0 to 10.5%, in relation to check sample. Such
trend is rather expected in case of substitution of wheat flour with gluten-free raw material,
which results in loss of CO, during dough ripening due to reduction of its gas-retention
capacity.

Basing on the results of our study of dynamics of titratable acidity characterizing the
dough test and check samples during ripening (Figure 3), we found that addition of 10 to
20% of maize germ oilcake leads to increase of dough initial acidity by 0.8 to 1.3 deg. This
is connected with high acidity of the additive (Table 1). However, it is also worth to note
that, during the experiment, change of this parameter in the dough with additive is more
intensive: for 4x60° s of fermentation, the titratable acidity of the check sample is increased
by 1.5 deg., and that of the dough sample with maize germ oilcake — by 1.9 to 2.5 deg.,
which is by 26.6 to 66.7% greater. This is connected with activation of vital activity of
lactic acid bacteria due to a high content in the additive of the nutritional and biologically
active substances required for their vital activity.
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Figure 2. Change of volume in dough samples with maize germ oilcake:
1 — without additive (check sample);
2, 3, 4 — with introduction of 10.0; 15.0 and 20.0% of additive, respectively
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1 — without additive (check sample); 2, 3, 4 — 2, 3, 4 — with introduction of 10.0;
15.0 and 20.0% of additive, respectively

—— Ukrainian Food Journal. 2017. Volume 6. Issue 1

33



Food Technology

Addition of maize germ oilcake during obtaining of wheat bread has also influence on
organoleptic parameters of the baked bread quality. In particular, the products with maize
germ oilcake, in comparison with the check sample, are characterized by brighter color of
the crust, which, as the additive dosage increases, changes from light brown to brown.
Besides, the bread gets a pleasant corn aftertaste and flavor, as well as yellowish color of its
crumb.

The physical and chemical quality parameters of bread with the additive are presented
in Table 2.

Table 2
Physical and chemical quality parameters of bread with maize germ oilcake
Values of parameters of bread quality
Check sample Test samples with additive, %
Parameter (without
additive) 10,0 15,0 20,0
Moisture, % 43.0+1.2 43.9+1.2 44.5+1.3 44.9+1.3
Titratable acidity, deg. 2.8+0.1 3.6+0.2 3.9+0.2 4.4+0.2
Porosity, % 73.0+1.0 71.0+1.0 68.0+1.0 64.0+1.0
Specific volume, cm’/ g 3.0+0.1 3.0+0.1 2.840.1 2.540.1

From the data presented in the Table 2, it can be seen that the test samples have greater
moisture content by 0.9 to 1.9%, in comparison with the check sample. This is due to
increase of dough calculated moisture, as well as to reduction of bread moisture release
during baking at the expense of high content of highly hydrophilic polymers at the additive.

The values of titratable acidity of the test samples of bread are greater by 0.8 to 1.6 deg,
than that of the check sample, which, on the one part, is connected with more intensive
accumulation of acid in the dough with maize germ oilcake, and, on the other part, - with a
higher titratable acidity of the additive itself, in comparison with wheat flour.

The porosity and specific volume of bread with introduced additive are decreased,
which agrees with the results on change of dough volume presented above. In this case, the
values of these parameters in the products with 10 and 15% of additive change
substantially, and, in case of addition of 20% of germ oilcake they are reduced by 12.3 and
16.7%, respectively. Therefore, manufacture of bread by straight method with such dosage
is not expedient.

The results of nutritional and biological value assessment of bread are represented by
products, which are made with addition of rational dosage of maize germ oilcake: that is
15.0% (Tables 3 and 4).

As can be seen from the data of Table 3, in case of introduction of 15% of the maize
germ oilcake, the content in bread of protein and fat is inconsiderably increased and that of
carbohydrates is decreased by 13.6%.

The products with the said additive is a source of dietary fibers — their content is 4.3 g
per 100 g of bread, which is by 1.7 times higher than that in the check sample.

The vitamin value of bread is increased substantially: in case of addition of maize germ
oilcake, content of vitamin B, in the products is increased by 1.4 times, vitamin E — by 3
times, PP — byl.2 times. Besides, in comparison with check sample, the bread samples have
the content of calcium greater by 1.4 times, that of magnesium — by 2.2 times, phosphorus —
by 1.5 times and iron — by 2.3 times.
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Table 3

Content of nutritional and biologically active substances in bread with maize germ oilcake

Content of nutritional and biologically active
substances in 100 g of bread

Parameter
Without additive With 15% of corn germ

(check sample) pressed cake
Proteins, g 7.3+0.3 7.8+0.3
Fats, g 0.80+0.02 1.30+0.04
Carbohydrates, g 50.6£2.0 43.8+1.6
Dietary fibers, g 2.540.1 4.3+0.1
Tannlqg substances (calculated 1,740 1 18.120.9
as tannin), mg/100g
Vitamins, mg
B, 0.110+0.004 0.150+0.006
E 0.88+0.02 2.65+0.09
PP 1.37+0.05 1.59+0.05
Mineral substances, mg:
Calcium 13.2+0.6 18.5+0.7
Magnesium 11.7£0.3 25.9+1.1
Phosphorus 63.1+2.1 93.3+£3.7
Iron 0.90+0.02 2.10+0.08

For determination of biological value of protein contained in the bread with maize germ
oilcake, the amino acid score of unsubstituted amino acids was studied (Table 4). It is
known that lysine is a limited amino acid in breadstuffs of wheat flour. The analysis of
amino acid score of protein contained in bread with maize germ oilcake indicates increase
of biological value of these products. In particular, it is important that content of lysine
being deficient in wheat bread increased by 20.8%, cystine and methionine — by 8.0%,

threonine — by 11.5%.

Table 4

Biological value of proteins contained in bread with maize germ oilcake

Amino acid score of bread protein, %

Amino acid Without additive With 15% of corn
(check sample) germ pressed cake
Isoleucine 120.6£3.8 107.4£3.3
Leucine 111.8£3.6 114.0£3.4
Lysine 49.0+1.2 59.2+1.6
Cystine + methionine 98.0£3.0 105.543.1
Phenylalanine+ tyrosine 113.2+3.4 115.0£3.6
Threonine 70.7£2.1 78.8+£2.4
Valine 94.0+4.0 90.0+3.6
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The developed products are recommended to be used for traditional, health-giving

prophylactic and therapeutic nutrition.

10.

11.

36

Conclusions

Substitution of wheat flour with 10.0-20.0% of maize germ oilcake leads to
acceleration of microbiological processes in the dough, which makes it possible to
shorten its ripening by 6.0 to 17.0%.

To obtain bread with high organoleptic, physical and chemical quality parameters,
using straight method of bread manufacture, it is expedient to use up to 15% of maize
germ oilcake.

Introduction of 15% of the test additive leads to increase of content of unsubstituted
amino acids, in particular that of lysine, as well as to increase of content of dietary
fibers by 1.7 times, vitamins B;, E and PP by 1.4, 3.0 and 1.2 times, respectively,
mineral substances: calcium, magnesium, phosphorus and iron by 1.4, 2.2, 1.5 and 2.3
times, respectively.
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Introduction. The possibility of using NIR
spectroscopy to determine oleic acid in sunflower seeds has
not been studied, so research on this field is perspective.

Materials and methods. The spectra of seed samples of
various sunflower varieties with a known content of oleic
acid and the same samples additionally enriched with oleic
acid were investigated by NIR diffusion reflectance
spectroscopy with using the instrument “Infrapid-61”. To
process the results obtained, the methods of mathematical
analysis were applied.

Results and Discussion. In the NIR spectra of samples
of dried sunflower seeds, in comparison with the spectra of
raw seeds, the expected decrease in the coefficient of diffuse
reflection is observed in the range 1920—1940 nm related to
the moisture content in the sample. Analysis of NIR spectra
of a calibration series of dried seeds enriched with oleic acid
shows an increase in the coefficient of diffuse reflection in
the wavelength ranges 1920-1940 nm and 2140-2160 nm in
proportion to the growth of the mass portion of oleic acid.
Corresponding calculations, calibration curves and the
obtained equation describing the dependence demonstrate a
linear dependence of the reflection coefficient on the mass
portion of oleic acid in the sample at the wavelength of 2140
nm with a confidence level of 98%. The dependency found
can be used for the quantitative determination of oleic acid
in a sunflower seed sample of unknown composition. By the
magnitude of the coefficient of diffuse reflection of the
sunflower seed sample containing unknown amount of oleic
acid, its mass portion in the sample can be determined from
the graph. The diffuse reflectance spectra of husked and
crushed seed samples and corresponding spectra of crushed
sunflower seeds with husks containing the same oleate
amount are practically identical with the wavelength range
1330-2370 nm. Therefore, this method can be used for the
analysis both intact seeds and seeds separated from husks.
The express method of diffuse reflection of NIR
spectroscopy can be considered as an alternative to chemical
methods for determining the quality indicators of fat-
containing raw materials.

Conclusions. The method of NIR spectroscopy is
perspective for the determining of other fatty carboxylic
acids in sunflower seeds.
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Introduction

Near-infrared spectroscopy has been known as a powerful tool for analysis of chemical
and physical properties without sample preparation, and it has been applied for the analysis
of quality characteristics of complex multi component systems [1]. More then decade,
studies on the use of NIR diffuse reflection spectroscopy have been widely carried out to
analyze food products and raw materials for their production. Despite the presence of a
large number of such data, sufficiently accurate mathematical models, which
unambiguously correlate the absorption bands in the NIR region of the spectrum with the
quantitative and sometimes qualitative composition of the samples of products under study,
have been lacking [2]. The interpretation of the spectral data by the different authors’
reports is different, so there are no valid reliable characteristics that could be relied on.

The possibility of using spectroscopy for the quantitative determination of oleic acid in
sunflower seeds has not been studied yet, although the NIRS has been successfully used
to determine diverse compounds in numerous foods and industrial crops such as
sesame, soybean, perilla and peanut, sunflower, rice, maize, and sweet potato [3]. The
content of oleic acid in the form of glycerol esters (oleates) in different varieties of
sunflower varies from 20 to 90 % and determines the nutritional value of sunflower oil [4].
Modern methods for quantitative analysis of free carboxylic acids in fats and oils are based
on chemical transformations, are relatively long, conducted in special laboratories and
require the use of chemical reagents. .The purpose of these studies was the development of
an express method for the quantitative determination of oleic acid in samples of fat-
containing raw materials on the basis of diffuse reflection spectroscopy in the near IR
region [5].

Materials and methods

Seed samples of sunflower

Different varieties of sunflower seced were obtained from the Institute of Oilseeds
(Zaporizhia). The content of oleic acid in seeds was determined in the factory laboratory.
All seed samples were stored at + 10 °C prior to analysis. Standard oleic acid was obtained
from the University of Food Technologies [6].

Sample preparation

To carry out the experiment under conditions close to the conveyor regime, the
samples were subjected to minimal processing. Two samples of raw sunflower seeds of
each variety were taken. One sample of each pair was ground with the husks, the seeds of
another sample were separated from the husks and also ground. To ensure the same level
of grinding and eliminate the influence of the particle size factor on the resulting spectra,
the crushed samples are screened through a sieve with hole diameter of 1 mm. To reduce
the influence of moisture on the spectral characteristics of the samples, the crushed seeds
without the husks were dried to a constant mass, using an infrared dryer.

Methods

By the method of investigation, a method of diffuse reflection in the near region of the
infrared spectrum was chosen for the determination of oleic acid in samples of sunflower
oil. The essence of the method consists in comparing the characteristics of the infrared
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spectra of the sample that is under investigation, with the spectra of the preliminary
investigated calibration series of samples. Infrared spectra of diffuse reflection for samples
of sunflower seeds were recorded using the instrument "Infrapid-61" in the wavelength
region 1330-2370 nm.

Data processing

The equations for NIRS prediction, calibration coefficients and statistical parameters
characterizing the calibration of the instrument were developed with the regression
method.

Preparation of the calibration series of raw material samples

The use of diffuse reflection spectroscopy involves conducting a procedure for
preliminary calibration of the instrument using standard methods [7]. Samples for the
calibration series were prepared by adding free oleic acid to the ground seeds
characterized with known content of oleates [8]. For this purpose, a solution of oleic acid
in a volatile organic solvent was evenly sprayed over the surface of the sample stirring it.
The increase in the mass fraction of oleic acid was controlled by measuring the mass of
the sample after a short drying term at a temperature of 35 °C.

Spectra collection and pretreatment

Prepared samples of ground seeds were loaded into the cuvette compartment of the
instrument and their spectra were recorded. The procedure for analyzing all samples
involves recording the spectrum of the standard that is in the instrument, recording the
spectrum of the prepared samples that are under the study, and processing the obtained
results with the appropriate software [8]. The time for recording of the spectrum of one
sample does not exceed 2 minute. The reflectance data were recorded as a reflectance
coefficient R at 10 nm intervals, and 3 scans were averaged for each sample.

Results and discussion

The results of computer processing of the obtained spectra of samples of crushed
seeds with husks containing oleic acid from 79 to 90% are shown in Figure 1.
Comparative analysis of spectra of samples series of crushed seeds demonstrates their
similarity in that wave region (from 1370 to 2370 nm) [9]. Spectra of samples of crushed
seeds without husks with the corresponding content of oleic esters are shown in Figure 2
and they also seem to be similar. The experiments show that the method is suitable for the
analysis both intact seeds and seeds separated from husks [10].

To compare the spectra of diffuse reflection of seed samples with husks and without
husks, two sunflower varieties, exactly “Smak” and “KP1 1B” containing high (73.6 %)
and low (29.78 %) amount of oleates, were investigated. The results are shown in Figure
3.

As a result of the analysis of these IR spectra, no significant differences were found in
the NIR region. Spectra of dried seed samples are shown in Figure 4.
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When the spectra of dry and undried samples were compared, the expected
differences in the intensity of diffuse reflection were found in the region 1910-1940 nm

that is responsible for the water content.

Development of calibration curve

Analysis of the spectra of calibration series of sunflower seed samples enriched with
free oleic acid showed the appearance of characteristic minima of the reflection intensity
in the range of 2140-2160 nm (See Figure 5). The coefficient of diffuse reflection in this
range increases proportionally to the growth of the mass portion of oleic acid in the
sample. Calculation and construction of calibration curves and determination of linear
equations on the basis of regression analysis show the dependency of the diffuse reflection
coefficient on the mass portion of oleic acid at the wavelength of 2240 nm at a confidence

level of 98 % (See Figure 6).
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Differences in the spectra of diffuse reflection of seed samples with different amounts
of free oleic acid and changes in the values of the diffuse reflection coefficient in certain
regions of the spectrum are explained by the increase in the number of functional groups,
that able to enter into weak interactions with both the same groups and with others [11].

Using the dependency found and knowing the value of the coefficient of diffuse
reflection in the NIR range from a sample with an unknown content of oleic acid, it is
possible to determine from the graph its mass portion in a given sample.

Conclusions

This non-destructive NIRS method could simplify the analysis of qualitative
components, because extraction steps with organic solvents were not required and
instrumental analysis was completed in a few minutes. This method for studying systems
with multi component chemical composition is perspective because of the low level of light
absorption in this spectral region. The method can be used to determine the wanted
components over a wide range of concentrations For the analysis of numerous samples,
the NIRS method can replace chemical methods and chromatographic methods such as
GLC. The development of these NIR equations for individual fatty acids is only a first step
though the NIRS is a practical method. The results of the comparative analysis of diffuse
reflectance spectra of seed samples with husks and without husks and the same samples
enriched with free oleic acid, lead to the conclusion that the method is perspective for
detection of other fatty carboxylic acids in sunflower oil.

The express method of diffuse reflectance NIR spectroscopy can be considered as an
alternative method for determining the quality of fat-containing materials in the processes
of their storage, sorting or processing.
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Introduction. The work’s objective is to analyze
quality rating of diets from the standpoint of physiological
need norms of a person and a daily ration, to further
determine the balance of nutrition.

Materials and methods. The daily ration of human
nutrition (breakfast, lunch, dinner) and the norms of the
physiological needs of the average person — to determine the
complex quantitative assessment of the quality of diets. An
additive mathematical model as most widespread in a
qualimetry is used for joining the quality rating into the
generalized (complex) index. Methods — qualimetric.

Results and discussion. Taking into account the norms
of physiological needs of a common person, the complex-
quantitative estimation of quality of one meal is calculated,
the three-level hierarchical structure of the system of
qualitative indexes is developed: the third level simple
indexes are grouped in the qualitative indexes, which form
the second level of structure systems hierarchy, which, in
turn, form the first level, and then - in the complex index of
zero level, which characterizes quality rating of diets.

Basic qualitative indexes (P’*'“) of macronutrients,
mineral matters and vitamins are the following: for proteins
— 0,15; fats — 0,17; carbohydrates — 0,68; sodium — 0,45;
potassium — 0,34; calcium — 0,07, magnesium — 0,03;
phosphorus — 0,11; thiamine — 0,02; ribofflavinum — 0,02;
perydoxine — 0,02; cevitamic acid 0,94. Weight
coefficients (m) are the following: proteins — 0,50; fats —
0,40; carbohydrates — 0,10; sodium — 0,03; potassium — 0,05;
calcium — 0,25; magnesium — 0,50; phosphorus — 0,17,
thiamine — 0,36; ribofflavinum — 0,32; perydoxine — 0,31;
cevitamic acid — 0,01.

The biggest value of the complex index (Kj) is obtained
in breakfast — 1,60, the lowest value is typical for supper —
1,09.

Conclusion. For the set daily ration, the complex
qualitative indexes for the group of macronutrients, mineral
matters and vitamins are determined. The most balanced
values of qualitative index are set, that is typical for a supper
Ne2 with the estimation — 1,09.
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Introduction

A qualitative index of a product is a quantitative characteristic of one or several
properties of a product, which characterize its quality, and is considered in terms of certain
conditions of its creation, exploitation or consuming (Azgaldov et al, 2011, 2015;
Topol’nik, Ratushnyj, 2008; Zinchenko, Koretska, 2013) [1, 2, 4, 11].

According to the amount of characterized properties the indexes are divided into
simple and complex (Topol’nik, Ratushnyj, 2008; Koval, Guts, 2013) [4, 9]. Simple
qualitative index identifies one of its properties, for example contents of water, sugar, fat
etc (Sébédio, 2017; Kuzmin et al, 2014-2016) [3, 5-8]. They are determined by the
industry regulatory document.

Complex index identifies several properties of a product. It can be related to both set of
properties, which determine quality, and certain group of properties (Topol’nik, Ratushnyj,
2008) [4]. If ever one index is equal to zero, complex index is also equal to zero (Azgaldov
et al, 2011; Topol’nik, Ratushnyj, 2008) [1, 4].

There are two methods of a product quantitative estimation - differential and complex.
A product quantitative estimation is a set of operations, which includes: qualitative
indexes’ nomenclature selection of a product, value determination of these indexes and
their comparison with basic indexes (Koval, Guts, 2013; Niemirich, Novosad, 2013;
Zinchenko, Koretska, 2013) [9-11].

Qualimetric methods can be used in any food as well as the results of their research.
Method of a product quantitative estimation is based on comparison of the set of simple
indexes’ values of an estimated product with a certain set of base indexes’ values, called
differential (Topol’nik, Ratushnyj, 2008) [4].

Complex method of a product quantitative estimation is based on expressing of the
estimation rate by one number, which is a result of grouping of selected simple indexes to
one complex index (Azgaldov et al, 2011, 2015; Topol’nik, Ratushnyj, 2008) [1, 2, 4].

Complex method of a product quantitative estimation is prevailing (Wang et al, 2016;
Rodgers, 2017; Perng, Oken, 2017; Grassi et al, 2017; Kim et al, 2017; Carbonneau et al,
2017; Kufley et al, 2017) [12-18]. But, a complex estimation of food products is not
exclusive of differential estimation, because in some cases high value of complex
qualitative index can disguise the low level of product’s quality according to some simple
indexes.

Each qualitative index, being a quantitative characteristic (extent) of one of object’s
quality model (fact) should reflect (to greater or lesser extent) the ability (property) of the
object (fact), meet public demands (interests, values) in certain conditions. Therefore, in
order to form a qualitative index we should take into account following qualitative
components: public demand, certain conditions, object and extent of its meeting.
Qualitative index should provide an answer to the question: to what extent is this object
(fact) able to meet public demand (interest, value) (Topol’nik, Ratushnyj, 2008) [4].

It is better to represent the properties of food in a form of an hierarchical tree.
Hierarchical structure of qualitative indexes of a product, manufactured by the industry
regulatory document, is represented on the figure 1.

During the modeling of a product quality in the form of properties’ hierarchical
structure we decide that a quality, as the most generalized complex product property, is
considered on the highest, null rate of an hierarchical set of properties (complex
qualitative index), and its components — less generalized properties — are considered on
the lowest, first hierarchical level (nutritive index). Nutritive indexes, in their turn, consist
of an amount of even less generalized properties, situated on the even lower level — second
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level (macronutrients, vitamins, mineral matters) (Tsapanou et al, 2017; Ramsay et al,
2017; Nguyen et al, 2017; Roy et al, 2017; Bruce et al, 2017; Hoerster et al, 2016) [19-
24].

Complex qualitative index

v
Nutritive indexes
[

. : .

Macronutrients Vitamins Mineral matters

S R A SR ST AN e A A A A

Proteins
Fats
Carbohydrates
Thiamine (By)
Ribofflavinum (B,)
Perydoxine (Bg)
Cevitamic acid (C)
Calcium
Phosphorus
Magnesium
Potassium
Sodium

Fig. 1. Hierarchical structure of qualitative indexes of a diet

On the third level each group of properties also consists of several indexes:
macronutrients (proteins, fats, carbohydrates); vitamins (thiamine, ribofflavinum,
perydoxine, cevitamic acid); mineral matters (calcium, phosphorus, magnesium,
potassium, sodium) (Moubarac et al, 2017; Zuniga et al, 2017; Andrade et al, 2016; Pham-
Short et al. 2016; Nansel et al, 2016; Hu et al, 2016) [25-30].

Subordinate, so-called hierarchical, structure of properties appears which can be
considered from increasing amount of levels (Kim et al, 2017; Nansel et al, 2016) [16,
29]. Building the hierarchical structure of properties we have gone down to the low level,
where there are so-called simple properties. These simple properties can be measured by
the certain method, and then, used as simple qualitative indexes.

Well grounded choice of production indexes in estimating its qualitative rate has high
priority. In order to make this choice, we should have at hand the nomenclature of
qualitative indexes’ groups which meets demands of need and sufficiency.

Materials and methods

The daily ration of human nutrition (breakfast, lunch, dinner) and the norms of the
physiological needs of the average person — to determine the complex quantitative
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assessment of the quality of diets. An additive mathematical model as most widespread in a
qualimetry is used for joining the quality rating into the generalized (complex) index.
Methods — qualimetric (Azgaldov et al, 2011, 2015; Topol’nik, Ratushnyj, 2008) [1, 2, 4].
Method of a diet complex quantitative estimation (Topol’nik, Ratushnyj, 2008) [4]:
1. Index values for set diets are determined from the formula:

M,
5=< (1)

M,

M,; — content of nutrient materials in group j in nutrition products included in the diet.
2. Analogously, due to recommended norm, basic indexes are determined;

basic __

lef

M;; —regulatory i nutrient material in group j of daily ration material.

)

3. Simple indexes’estimation of proteins, fats, carbohydrates is calculated by the

formula:
A
Kif = Pbc‘zsiu ’ (3)
i

P, — index of a nutrient material in daily ration;

Pij"™“ _ basic (balanced) value of index of a nutrient material in daily ration (according to
norms of physiological needs);

z — index, that considers the influence of changing index value on qualitative rate of an
object, that is equal to plus 1 in proteins and carbohydrates content estimating and minus 1
in fats content estimating.

4. Weight coefficient value of nutrient materials m;; is calculated by the formula:

Z P{msit‘
)

P(msw
m. = J
ij basic \ *
P2
Pﬁasw
)

Complex qualitative index of meal due to nutrient materials equation for two-level
structure is determined from the adaptive model:

“4)

K =ZM_"Zm“'KT" (%)

M; — weight coefficient value of nutrients.
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Results and discussions

According to norms of physiological needs of a common person we have developed
complex qualitative index of meal (Table 1).

1. Complex quality rating of breakfast
Due to norms of macronutrients, mineral matters and vitamins content, included in

breakfast dishes, the calculation of nutrient materials found in canteen menu is provided
(Table 2).

Table 1
Norms of physiological needs of a common person at the age from 18 to 59

Nutrient material Norm
Proteins, g 88,00
Fats, g 107,00
Carbohydrates, g 422,00
Total amount of nutrient materials, g: | 617,00
Sodium (Na), mg 5000,00
Potassium (K), mg 3750,00
Calcium (Ca), mg 800,00
Magnesium(Mg), mg 400,00
Phosphorus (P), mg 1200,00
Total amount of mineral matters, mg | 11150,00
Thiamine (B,), mg 1,60
Ribofflavinum (B,), mg 1,80
Perydoxine (Bg), mg 1,90
Cevitamic acid (C), mg 85,00
Total amount of vitamins, mg 90,30

Absolute values of qualitative indexes of macronutrients, mineral matters and vitamins
calculated by the formula (1) are the following: for proteins — P,= 0,20; fats — P, = 0,15;
carbohydrates — P. =0,65; sodium — Py, = 0,48; potassium — Px = 0,20; calcium — P¢, =
0,09; magnesium — Py, = 0,03; phosphorus— Pp = 0,20; thiamine — Pz = 0,02;
ribofflavinum — P, = 0,08; perydoxine — Pgs = 0,07; cevitamic acid— P, = 0,83. Obtained
results are brought in the Table 3.

Analogously to the recommended norms of physiological needs (Table 1) basic values
have been determined from the formula (2). Basic qualitative indexes of macronutrients,
mineral matters and vitamins are the following: for proteins — P,"° = 0,15; fats — P/*" =
0,17; carbohydrates— P.”* = 0,68; sodium— Py,”* = 0,45; potassium — Py’ = 0,34;
calcium— Pg,”™™ = 0,07; magnesium— PMgb“'gic = 0,03; phosphorus— Pp"*"*= 0,11; thiamine —
Py, "= 0,02; ribofflavinum — Py,""" = 0,02; perydoxine — Pgs"*" = 0,02; cevitamic acid —
P."*i°= (0,94. Obtained results are brought in the Table 3.
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Table 2
Calculation of macronutrients, mineral matters and vitamins content included in breakfast
dishes
Name of the dish
D
g | x|
5| 5| 2 E | =8| &
= g o = = 2 e
Nutrient materials | 3 = 5 I $2| = = Total
~| 2| = | £ |EE| 3| B
3 = = < | g =
o = = = R = <
=] a ie] 2z o
s |28 | F
[=-]
Weight, g 20 75 30 150 100 200 100 675
Macronutrients, g:
proteins 0,12 17,40f 8,04| 14,81 7,60| 0,20 1,10 49,27
fats 16,50 7,65 8,19 3,90 0,90 | 0,00 0,20 37,34
carbohydrates 0,18| 10,35/ 0,00| 76,35| 49,70| 16,0¢ 3,80 | 156,38
Mineral matters, mg:
Na 14,80| 456,00 330,00| 988,50| 488,00 0,00 | 40,00 | 2317,30
K 4,60 | 199,50( 39,00 | 256,50| 127,00| 6,00 | 290,00 922,60
Ca 4,40 | 13,50 | 312,00| 81,00 | 26,00 | 1,00 | 14,00 | 451,90
Mg 0,60 | 16,50 | 0,00 94,50 | 35,00 | 1,00 | 20,00 | 167,60
P 3,80 | 319,50 163,20| 351,00| 83,00 | 0,00 | 26,00 | 946,50
Vitamins, mg:
B1 0,00 | 0,24 0,01 0,36 0,16 | 0,00 | 0,06 0,83
B2 0,02 | 1,97 0,11 0,20 0,08 | 0,00 | 0,04 2,41
B6 0,00 | 1,19 0,06 0,29 0,06 | 0,00 | 0,53 2,12
C 0,00 | 0,00 0,84 0,00 0,00 | 0,00 | 25,0 25,84
Table 3

Calculation of absolute values, basic values, weight coefficients and simple qualitative indexes

Absolute values | Basic values | Weight coefficients | Simple qualitative indexes
Macronutrients
P, 020 [ P J0,15] m, 0,50 K, 1,42
P, 0,15 | P"™ 10,17 my 0,40 K; 1,13
P. 0,65 P 10,68 m, 0,10 K. 0,94
Mineral matters
Py, 0,48 | Py, 10,45 My, 0,03 Ky, 1,08
Py | 020 | P 1034 mg 0,05 Kx 0,57
Po, | 0,09 | P 1007 me, 0,25 Ke, 1,31
Py 0,03 | Py, ] 0,03 My 0,50 Ky 0,97
Pp 0,20 | P [ 0,11 mp 0,17 Kp 1,83
Vitamins
Pg; 0,02 | Ps," 10,02 iy 0,36 K, 1,50
Pg, 0,08 | Pz, 0,02 Mg 0,32 Kp 3,88
Pgg 0,07 | Pz 0,02 Mpg 0,31 Kpgs 0,31
P. 0,83 P 1°0,94 m, 0,01 K. 0,88

—— Ukrainian Food Journal. 2017. Volume 6. Issue 1

51



Food Technology

Weight coefficient value of nutrient materials m; has been calculated due to the
recommended norms of physiological needs (Table 1) by the formula (4). Weight
coefficients are the following: proteins — m, = 0,50; fats — m,= 0,40; carbohydrates — m, =
0,10; sodium-— my, = 0,03; potassium — my = 0,05; calcium— m¢, = 0,25; magnesium— m,,
= 0,50; phosphorus— mp = 0,17; thiamine — mg; = 0,36; ribofflavinum — mp, = 0,32;
perydoxine — mgs = 0,31; cevitamic acid — m. = 0,01.

Simple indexes’quality rating of proteins, fats, carbohydrates has been calculated by
the formula (3) using data from Table 3. Simple indexes’estimation is the following: from
proteins — K, = 1,42; fats — K, = 1,13; carbohydrates— K, = 0,94; sodium— Ky, = 1,08;
potassium— Ky = 0,57; calcium— K¢, = 1,31; magnesium— Ky, = 0,97; phosphorus— Kp =
1,83; thiamine — K; = 1,50; ribofflavinum — K3, = 3,88; perydoxine — Kzs = 0,31; cevitamic
acid — K, = 0,88.

Complex qualitative index of meal due to nutrient materials equation for two-level
structure has been determined from formula (5), in which weight coefficient values (M) are
for macronutrients— 0,35; vitamins — 0,55; mineral matters— 0,1.

Due to the calculation results breakfast has complex quality rate K, = 1,60.

2. Complex quality rating of dinner

Due to norms of macronutrients, mineral matters and vitamins content, included in
dinner dishes, the calculation of nutrient materials found in canteen menu is provided
(Table 4).

Table 4
Calculation of macronutrients, mineral matters and vitamins content included in dinner dishes
Name of the dish
= = =
Nutrient | T g E g o : = & ki > £ 2
, =t | =8| = g2 £ £=s 2 Total
materials | < & | S & 8 2 = E = 25 £
» 2 2 =) S
£g|228 % z g z 8- S
A -5 = &b
Weight, r 50 250 115 150 150 50 200 965

Macronutrients, g:

proteins 0,40 2,45 19,40 7,50 11,40 4,80 0,40 46,39

fats 0,05 5,15 17,70 0,66 1,65 2,80 0,00 28,02

carbohyd- 0,80 13,10 0,00 32,10 61,10 77,70 | 29,60 214,35
rates

Mineral matters, mg:

Na 0,00 | 782,00 | 656,60 | 585,00 | 874,50 | 11,00 | 24,00 | 2933,15
K 70,50 | 424,50 | 244,90 | 177,00 | 309,00 | 60,00 | 86,00 | 1371,95
Ca 11,50 | 41,50 16,10 | 33,00 57,00 9,00 | 17,00 185,10
Mg 7,00 | 29,50 | 21,85 | 36,00 73,50 0,00 9,00 176,85
P 12,00 | 47,20 | 166,70 | 153,00 | 234,00 | 41,00 | 12,00 | 665,95
Vitamins, mg:
B, 0,01 0,06 0,30 0,12 0,27 0,08 0,06 0,84
B, 0,01 0,05 0,15 0,06 0,17 0,04 | 0,04 0,47
By 0,05 0,21 2,65 0,21 0,09 0,06 0,53 3,26
C 2,50 6,85 0,00 0,00 0,00 0,00 | 25,0 9,35
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Absolute values of qualitative indexes of macronutrients, mineral matters and vitamins
calculated by the formula (1) are the following: for proteins — P, = 0,16; fats — P, = 0,10;
carbohydrates — P. =0,74; sodium— Py, = 0,55; potassium — Px = 0,27; calcium— P¢, = 0,03;
magnesium— Py, = 0,03; phosphorus— Pp = 0,12; thiamine — Pg; = 0,06; ribofflavinum —
Pp; = 0,04; perydoxine — Pgs = 0,23; cevitamic acid — P, = 0,67 (Table 5).

Table 5
Calculation of absolute values of qualitative indexes and estimation of simple indexes of
nutrient materials

Absolute Basic values Weight coefficients Slmpl‘e qualitative
values indexes
Macronutrients
P, 0,16 P, basic 0,15 m, 0,50 K, 1,13
P, 0,10 P/ 0,17 my 0,40 K; 1,79
P. 0,74 p pasie 0,68 me 0,10 K. 1,09
Mineral matters
P, 0,55 P 0,45 Mg 0,03 K, 1,23
Py 0,27 Pl 0,34 my 0,05 K 0,76
Pc, 0,03 P 0,07 My 0,25 K, 0,48
Py 0,03 PMgb"‘“‘ 0,03 My 0,50 Ky 0,92
Pp 0,12 Py 0,11 mp 0,17 Kp 1,16
Vitamins

Pg; 0,06 PP 0,02 mp; 0,36 Kp; 3,40
Py, 0,04 P, 0,02 Mg, 0,32 Kz, 1,71
Ps 0,23 Pps ™ 0,02 Mg 0,31 Kps 0,09
P. 0,67 p pasie 0,94 me 0,01 K. 0,88

Quality rating of simple indexes for a group of nutrient materials has been determined
from the formula (3), as a result the values are the following: for proteins — K, = 1,13; fats—
K;=1,79; carbohydrates— K. = 1,09; sodium— Ky, = 1,23; potassium — Kx = 0,76; calcium —
K¢, = 0,48; magnesium— K, = 0,92; phosphorus — Kp = 1,16; thiamine — K, = 3,40;
ribofflavinum — Kj,=1,71; perydoxine — Ks = 0,09; cevitamic acid — K. = 0,88.

Complex qualitative index of meal due to nutrient materials equation for two-level
structure has been determined from formula (5). Due to the calculation results breakfast has
complex quality rate — K,=1,57.

3. Complex quality rating of supper Nel

Due to norms of macronutrients, mineral matters and vitamins content, included in
supper Nel, the calculation of nutrient materials found in canteen menu is provided (Table
6).

Absolute values of qualitative indexes of nutrient materials calculated by the formula
(1) are the following: for proteins — P, = 0,13; fats — P, = 0,12; carbohydrates— P. =0,75;
sodium — Py, = 0,42; potassium — Py = 0,28; calcium — P¢, = 0,08; magnesium— Py, = 0,04;
phosphorus— Pp = 0,18; thiamine — Pp; = 0,04; ribofflavinum — Py, = 0,03; perydoxine —
Pgs=0,10; cevitamic acid — P. = 0,83 (Table 7).
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Table 6
Calculation of macronutrients, mineral matters and vitamins content included in supper Nel

Name of the dish
g
= 7] 1)
2 S | g_| 5 | £8
Nutrient 2 @ = 8 2 T e &
. = >4 g = = S = =
materials s 2 = E = = ® o Total
> =S ] = &
= 2 59 v = &b =
S8 57 8| B
z o § =
Weight, g 50 250 75 150 100 50 675
Macronutrients, g:
proteins 2,50 6,15 7,92 15,60 7,60 1,70 41,47
fats 0,10 7,85 11,28 1,35 0,90 15,10 36,58

carbohydrates 6,40 23,20 4,56 112,8 49,70 32,35 | 229,01

Mineral matters, mg:

Na 1,00 455,50 | 199,80 15,00 488,00 3,50 | 1162,80
K 142,50 | 191,50 | 88,80 | 186,00 127,00 | 21,50 | 757,30
Ca 13,00 150,50 8,40 27,00 26,00 4,00 228,90
Mg 19,00 20,50 12,00 24,00 35,00 1,00 111,50
P 61,00 122,50 | 67,80 | 130,50 83,00 16,50 | 481,30
Vitamins, mg:
Bl 0,17 0,05 0,04 0,26 0,16 0,02 0,69
B2 0,10 0,16 0,07 0,12 0,08 0,01 0,53
B6 1,00 0,08 0,17 0,09 0,06 0.18 1,58
C 12,50 0,65 0,00 0,00 0,00 0,00 13,15

Quality rating of simple indexes of nutrient materials has been determined from the
formula (3), as a result the values are the following: for proteins — K}, = 1,0; fats — K, = 1,46;
carbohydrates — K. = 1,09; sodium — Ky, = 0,95; potassium — Ky = 0,82; calcium — K¢, =
1,16; magnesium— Ky, = 1,00; phosphorus — Kp = 1,63; thiamine — Kj;, = 2,44;
ribofflavinum — Kj,=1,71; perydoxine — K5 = 0,20; cevitamic acid — K. = 0,88.

Complex qualitative index of meal due to nutrient materials equation for two-level
structure has been determined from formula (5). Due to the calculation results supper Nel
has complex quality rate — K,=1,35.

4. Complex quality rating of supper Ne2

Due to norms of macronutrients, mineral matters and vitamins content, included in
supper Nel, the calculation of nutrient materials found in canteen menu is provided (Table
8).

Absolute values of qualitative indexes of nutrient materials calculated by the formula
(1) are the following: for proteins — P, = 0,11; fats — P,= 0,32; carbohydrates — P, = 0,57;
sodium — Py, = 0,06; potassium— Px = 0,47; calcium— P¢, = 0,17; magnesium — Py, = 0,05;
phosphorus— Pp = 0,25; thiamine— Pp; = 0,01; ribofflavinum — P, = 0,06; perydoxine — Pg4
= 0,10; cevitamic acid — P, = 0,83 (Table 9).
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Table 7
Calculation of absolute values of qualitative indexes and estimation of simple indexes of
nutrient materials

Absolute Basic values Weight coefficients Slmpl‘e qualitative
values indexes
Macronutrients
P, 0,13 Ppb‘”"" 0,15 m, 0,50 K, 1,0
Py 0,12 P,»b""i" 0,17 my 0,40 Ky 1,46
P. 0,75 p pasie 0,68 me 0,10 K. 1,09
Mineral matters
Py, 0,42 Py, 0,45 My, 0,03 K, 0,95
Py 0,28 Pl 0,34 my 0,05 Kx 0,82
Pc, 0,08 Pe ™ 0,07 Meq 0,25 Kca 1,16
Py 0,04 PMgb‘”" ¢ 0,03 My 0,50 Ky 1,00
Pp 0,18 Py 0,11 mp 0,17 Kp 1,63
Vitamins
Py, 0,04 Py, 0,02 mp, 0,36 K, 2,44
Py, 0,03 Py, 0,02 Mg, 0,32 K, 1,71
Py 0,10 Py ™ 0,02 Mg 0,31 Kps 0,20
P. 0,83 p pasie 0,94 me 0,01 K. 0,88
Table 8
Calculation of macronutrients, mineral matters and vitamins content included in supper Ne2
Name of the dish
Nutrient materials Chocolate . Total
covered curd Apple juice
cheese bar
Weight, g 100 200 300
Macronutrients, g:
proteins 8,50 1,00 9,50
fats 27,80 0,00 27,80
carbohydrates 32,00 18,20 50,20
Mineral matters, mg:
Na 43 12,0 55,0
K 181 240,0 421,00
Ca 137 14,0 151,0
Mg 35 8,0 43,00
P 213 14,0 227,00
Vitamins, mg
B, 0,03 0,02 0,05
B, 0,31 0,02 0,33
Bs 0,35 0,20 0,55
C 0,50 4,00 4,50
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Table 9
Calculation of absolute values of qualitative indexes and estimation of simple indexes of
nutrient materials

Absolute Basic values Weight coefficients Slmpl‘e qualitative
values indexes
Macronutrients
P, 0,11 P, 0,15 m, 0,50 K, 0,76
P, 0,32 P/ 0,17 my 0,40 K; 0,55
P. 0,57 P 1ot 0,68 m, 0,10 K. 0,84
Mineral matters
Py, 0,06 Py 0,45 Mg 0,03 K, 0,14
Py 0,47 Pl 0,34 my 0,05 Kx 1,40
Pc, 0,17 P 0,07 Mmc, 0,25 Ke, 2,35
Py 0,05 PMgb"‘“" 0,03 My 0,50 Ky 1,34
Pp 0,25 Py 0,11 mp 0,17 Kp 2,35
Vitamins
Pg; 0,01 Pyt 0,02 mp; 0,36 K 0,52
Py, 0,06 Py, 0,02 ) 0,32 Kp) 3,00
Pgs | 0,10 Py ™ 0,02 Mg 0,31 Kps 0,20
P. 0,83 P 1ot 0,94 m, 0,01 K. 0,88

Quality rating of simple indexes of nutrient materials has been determined by the
formula (3), as a result the values are the following: for proteins — K}, = 0,76; fats — K, =
0,55; carbohydrates — K. = 0,84; sodium— K}y, = 0,14; potassium— Ky = 1,40; calcium — K¢,
= 2,35; magnesium — Kj, = 1,34; phosphorus— Kp» = 2,35; thiamine — Kz, = 0,52;
ribofflavinum — K3, = 3,00; perydoxine — K5 = 0,20; cevitamic acid — K. = 0,88.

Complex qualitative index of meal due to nutrient materials equation for two-level
structure has been determined from formula (5). Due to the calculation results supper No2
has complex quality rate — K,=1,09.

5. Complex quality rating of dialy ration

According to the canteen menu original data is calculated for determination of daily
ration (Table 10).

Absolute values of qualitative indexes of nutrient materials are the following: for
proteins — P, = 0,16; fats — P, = 0,14; carbohydrates — P. =0,70; sodium — Py, = 0,47;
potassium — Px = 0,25; calcium— P¢, = 0,07; magnesium— Py, = 0,04; phosphorus— Pp =
0,17; thiamine — Py; = 0,04; ribofflavinum — Pz, = 0,06; perydoxine — Pys = 0,11;
cevitamic acid — P. = 0,79. The results are brought in the Table 11.

Quality rating of simple indexes of nutrient materials has been determined by the
formula (3), as a result the values are the following: for proteins — K, = 1,06; fats — Ky =
1,21; carbohydrates — K. = 1,03; sodium — Ky, = 1,04; potassium— K = 0,74;calcium — K¢,
= 1,00; magnesium — Kj, = 1,00; phosphorus— Kp» = 1,53; thiamine — Kz, = 2,00;
ribofflavinum — K3, = 3,00; perydoxine — K5 = 0,18; cevitamic acid — K. = 0,85.

Complex qualitative index of meal due to nutrient materials equation for two-level
structure has been determined from formula (5). Due to the calculation results daily ration
has complex quality rate K,=1,39.
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Table 10

Calculation of macronutrients, mineral matters and vitamins content for daily ration

. Name of the dish

Nutrl?nt . Supper Supper

materials Breakfast Dinner Nel Ne2 Total
Weight, g 675 965 675 300 2615

Macronutrients, g:
proteins 49,27 46,39 41,47 9,50 146,62
fats 37,34 28,02 36,58 27,80 129,74
carbohydrates 156,38 214,35 229,01 50,20 649,94
Mineral matters, Mr:
Na 2317,30 2933,15 1162,80 55,0 6468,25
K 922,60 1371,95 757,30 421,0 3472,85
Ca 451,90 185,10 228,90 151,0 1016,90
Mg 167,60 176,85 111,50 43,0 498,95
P 946,50 665,95 481,30 227,0 2320,75
Vitamins, mg:
B, 0,83 0,84 0,69 0,05 2,41
B, 2,41 0,47 0,53 0,33 3,75
Bg 2,12 3,26 1,58 0,55 7,51
C 25,84 9,35 13,15 4,50 52,84
Table 11

Calculation of absolute values of qualitative indexes and estimation of simple indexes of
nutrient materials

Absolute Basic values Weight coefficients Slmpl‘e qualitative
values indexes
. Macronutrients
P, 0,16 P 0,15 m, 0,50 K, 1,06
Py 0,14 P 0,17 my 0,40 K, 1,21
P, 0,70 Pcb‘”’" 0,68 me 0,10 K, 1,03
. Mineral matters
Py, 0,47 PNab‘”."’ 0,45 Mg 0,03 Ky, 1,04
Px 0,25 PKb““’f’ 0,34 mg 0,05 Kx 0,74
Pc, 0,07 Pc,lb‘”’." 0,07 My 0,25 Kc, 1,00
Pye | 0,04 Py 0,03 Mage 0,50 Kige 1,00
Pp 0,17 Py 0,11 mp 0,17 Kp 1,53
Vitamins
Py | 0,04 Py | 0,02 Mg 0,36 Kg, 2,00
Py, | 006 Py 0,02 mg; 0,32 K> 3,00
Py | 011 Pg ™ ] 0,02 Mps 0,31 Ks 0,18
P. 0,79 p basie 0,94 me 0,01 K, 0,85
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Obtained values of complex qualitative index of breakfast, dinner, supper Nel, supper
Ne2 and daily ration are brought in the Table 12.

Table 12
Complex quality rating of daily rations
Name Breakfast | Dinner | Supper Ne 1 | Supper Ne 2 Daily ration
Ky 1,60 1,57 1,35 1,09 1,39

Due to the data (Table 12), we can draw a conclusion that the biggest value of the
complex index Kjy,,.,,=1,60 is obtained in breakfast, the lowest value is typical for supper
No2 Kpin=1,09. Whereas, supper Ne2 is considered to be the most balanced meal with value
Ky=1,09, which is close to the optimal value of complex quantitative rating K,=1,00.
Quality rating of daily rations in hotels and restaurants provides an opportunity to
determine diet balance due to the norms of physiological need for daily ration.

Conclusions

Method of quality rating of daily rations in hotels and restaurants is considered. The
structure of qualitative indexes and results of experimental research of complex diet
quantitative rating are represented. Taking into account the norms of physiological need of
a common person, complex qualitative rate of one meal and daily ration in a canteen is
calculated. For this daily ration, complex qualitative indexes for group of macronutrients,
mineral matters and vitamins are identified. The most balanced values of the complex
qualitative index are determined which are common to super Ne2 with rate K;=1,09.

References

1. Azgaldov G.G., Kostin, A.V. (2011), Applied Qualimetry: its Origins, Errors and
Misconceptions, Benchmarking: An International Journal, 18(3), pp. 428—444.

2. Azgaldov G.G., Kostin A.V., Padilla Omiste A.E. (2015), The ABC of Qualimetry: The
Toolkit for measuring immeasurable, Ridero.

3. Jean-Louis Sébédio (2017), Chapter Three - Metabolomics, Nutrition, and Potential
Biomarkers of Food Quality, Intake, and Health Status, Advances in Food and
Nutrition Research, 82, pp. 83-116.

4. Topol’nik V.G., Ratushnyj A.S. (2008), Kvalimetrija v restorannom hozjajstve,
Doneck: DonNUIJeT.

5. Kuzmin O., Topol'nik V., Myronchuk V. (2014), Eduction of equilibrium state in
vodkas by means of 'H NMR spectroscopy, Ukrainian journal of Food science, 2 (2),
pp- 220-228.

6. Kuzmin O., Topol'nik V. (2014), Eduction of unsteady equilibrium in vodkas by means
of "H NMR spectroscopy, The advanced science journal, 10, pp. 43-46.

7. Kuzmin O., Kovalchuk Y., Velychko V., Romanchenko N. (2016), Improvement
technologies of aqueous-alcoholic infusions for the production of syrups, Ukrainian
Journal of Food Science, 4 (2), pp. 258-275.

8. Kuzmin O. (2015), Determination of systems with a steady equilibrium in vodkas,
depending on transformation of hydroxyl protons, Ukrainian Journal of Food Science,
3 (1), pp. 33-41.

58 —— Ukrainian Food Journal. 2017. Volume 6. Issue 1




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Food Technology

Koval O., Guts V. (2013), Food products assessment of quality, The Second North and
East Eutopean Congress on Food «NEEFood-2013», NUFT, may 26-29, p. 149.
Niemirich A., Novosad O. (2013), Technology of emulsion sauces using zucchini
powder, The Second North and East Eutopean Congress on Food « NEEFood-2013»,
NUFT, may 26-29, p. 145.

Zinchenko T., Koretska I. (2013), Importance function application (Harrington scale)
in problems of mutiobjective optimization in confectionery recipes, The Second North
and East Eutopean Congress on Food «NEEFood-2013», NUFT, may 26-29, p. 66.

Li Wang, Geeta Sikand, Nathan D. Wong (2016), Chapter 23 - Nutrition, Diet Quality,
and Cardiovascular Health, Molecular Basis of Nutrition and Aging, pp. 315-330
Rodgers H.M. (2017), Chapter 12 - The Interrelationship of Obesity, Pain, and
Diet/Nutrition, Nutritional Modulators of Pain in the Aging Population, pp. 143-149.
Perng W., Oken E. (2017), Chapter 15 - Programming Long-Term Health: Maternal
and Fetal Nutrition and Diet Needs, Early Nutrition and Long-Term Health, 2017, pp.
375-411.

Grassi S., Casiraghi E., Benedetti S., Alamprese C. (2017), Effect of low-protein diets
in heavy pigs on dry-cured ham quality characteristic, Meat Science, 131, pp. 152-157.
Do-Yeon Kim, Chang-O. Kim, Hyunjung Lim (2017), Quality of diet and level of
physical performance related to inflammatory markers in community-dwelling frail,
elderly people, Nutrition, 38, pp. 48-53.

Carbonneau E., Begin C., Lemieux S., Mongeau L., Paquette M.-C., Turcotte M.,
Labonte M.-E., Provencher V., A Health at Every Size intervention improves intuitive
eating and diet quality in Canadian women, Clinical Nutrition, 36(3), 2017, pp. 747-
754.

Kufley S., Scott J. E., Ramirez-Yanez G. (2017), The effect of the physical consistency
of the diet on the bone quality of the mandibular condyle in rats, Archives of Oral
Biology, 77, pp. 23-26.

A. Tsapanou, Y. Gu, D.M. O'Shea, M. Yannakoulia, M. Kosmidis, E. Dardiotis, G.
Hadjigeorgiou, P. Sakka, Y. Stern, N. Scarmeas (2017), Sleep quality and duration in
relation to memory in the elderly: Initial results from the Hellenic Longitudinal
Investigation of Aging and Diet, Neurobiology of Learning and Memory, 141, pp. 217-
225.

Samantha A. Ramsay, Lenka H. Shriver, Christopher A. Taylor (2017), Variety of fruit
and vegetables is related to preschoolers' overall diet quality, Preventive Medicine
Reports, 5, pp. 112-117.

Anh N. Nguyen, Lisanne M. de Barse, Henning Tiemeier, Vincent W.V. Jaddoe, Oscar
H. Franco, Pauline W. Jansen, Trudy Voortman (2017), Maternal history of eating
disorders: Diet quality during pregnancy and infant feeding, Appetite, 109, pp. 108-
114.

Rajshri Roy, Anna Rangan, Lana Hebden, Jimmy Chun Yu Louie, Lie Ming Tang,
Judy Kay, Margaret Allman-Farinelli (2017), Dietary contribution of foods and
beverages sold within a university campus and its effect on diet quality of young
adults, Nutrition, 34, pp. 118-123.

Bruce S., Devlin A., Air L., Cook L. (2017), Changes in quality of life as a result of
ketogenic diet therapy: A new approach to assessment with the potential for positive
therapeutic effects, Epilepsy & Behavior, 66, pp. 100-104.

Katherine D. Hoerster, Sarah Wilson, Karin M. Nelson, Gayle E. Reiber, Robin M.
Masheb (2016), Diet quality is associated with mental health, social support, and
neighborhood factors among Veterans, Eating Behaviors, 23, pp. 168-173.

—— Ukrainian Food Journal. 2017. Volume 6. Issue 1

59



25.

26.

27.

28.

29.

30.

60

Food Technology

Jean-Claude Moubarac, M. Batal, M.L. Louzada, E. Martinez Steele, C.A. Monteiro
(2017), Consumption of ultra-processed foods predicts diet quality in Canada, Appetite,
108, pp. 512-520.

Andrea Zuniga, Richard J. Stevenson, Mehmut K. Mahmut, Ian D. Stephen (2017),
Diet quality and the attractiveness of male body odor, Evolution and Human Behavior,
38 (1), pp. 136-143.

Samantha Caesar de Andrade, Agatha Nogueira Previdelli, Chester Luiz Galvao Cesar,
Dirce Maria Lobo Marchioni, Regina Mara Fisberg, (2016), Trends in diet quality
among adolescents, adults and older adults: A population-based study, Preventive
Medicine Reports, 4, pp. 391-396.

Anna Pham-Short, Kim C. Donaghue, Geoffrey Ambler, Sarah Garnett, Maria E. Craig
(2016), Quality of Life in Type 1 Diabetes and Celiac Disease: Role of the Gluten-Free
Diet, The Journal of Pediatrics, 179, pp. 131-138.

Tonja R. Nansel, Leah M. Lipsky, Miriam H. Eisenberg, Aiyi Liu, Sanjeev N. Mehta,
Lori M.B. Laffel (2016), Can Families Eat Better Without Spending More? Improving
Diet Quality Does Not Increase Diet Cost in a Randomized Clinical Trial among Youth
with Type 1 Diabetes and Their Parents, Journal of the Academy of Nutrition and
Dietetics, 116 (11), pp. 1751-1759.

Tian Hu, David R. Jacobs Jr, Nicole I. Larson, Gretchen J. Cutler, Melissa N. Laska,
Dianne Neumark-Sztainer (2016), Higher Diet Quality in Adolescence and Dietary
Improvements Are Related to Less Weight Gain During the Transition From
Adolescence to Adulthood, The Journal of Pediatrics, 178, pp. 188-193.

—— Ukrainian Food Journal. 2017. Volume 6. Issue 1



Food Technology

FTIR spectroscopy combined with chemometric: a
versatile tool for quality evaluation of fried vermicelli

Taimoor Hassan Shaikh, Sarfaraz Ahmed Mahesar,
Syed Nasrullah Shah, Abdul Hameed Kori,
Syed Tufail Hussain Sherazi, Saeed Ahmed Lakho

National Centre of Excellence in Analytical Chemistry,
University of Sindh, Pakistan

Keywords:

Fried vermicelli
Soxhlet extraction
Fatty acids
GC-MS

FTIR
Chemometrics

Abstract

Article history:

Received 16.01.2017
Received in revised
form 19.03.2017
Accepted 30.03.2017

Corresponding
author:

Sarfaraz Ahmed
Mahesar

E-mail:
sarfaraz.mahesar@
usindh.edu.pk

DOI: 10.24263/2304-
974X-2017-6-1-8

Introduction. Snacks are common food throughout the
world including subcontinent. Most of the snack foods are
prepared in oil and fat. In current study, fried vermicelli
(common snack food) was selected to evaluate the quality as it
is largely consumed in many countries.

Materials and methods. Fried vermicelli was subjected for
the extraction of total oil by applying Soxhlet extraction method
using hexane as a solvent. Fatty acid composition of extracted
fried vermicelli oil was checked on GC-MS. Similarly, FTIR
spectroscopy was also used to record the spectra of same oil for
the development of simple methodology to quantify fatty acid
groups and ratios.

Results and discussion. High percentage of oil content was
observed in all fried vermicelli samples (19.77-32.99%). Fatty
acid composition exposed that palmitic (34.6-47.5%), stearic
(4.76 to 10.6%), oleic (27.2-37.0%) and elaidic acid (12.0—
24.3%) were predominant fatty acids among saturated and
monounsaturated fatty acids. While polyunsatured fatty acids
were observed comparatively in less quantity in fried vermicelli
(0.66 to 5.99 %). The presence of higher trans fatty acids
indicated that fried vermicelli was prepared in hydrogenated oil.
Fatty acid ratios of some important groups were observed in the
range of 0.72-1.92 SFA/UFA, 0.013-0.130 cis PUFA/SFA, 0.1
to 1.81 trans FA/cis FA, 0.01 to 0.097 cis PUFA/SFA + TFA,
27.7-37.05 cis MUFA + cis PUFA/SFA + TFA. The obtained
results of groups and ratios by GC-MS were used to develop
different calibration models for the quantification of fatty acid
groups and fatty acid ratios using PLS chemometric approach.
The developed PLS models using selected wavelength regions
showed higher correlations (>0.99) with GC-MS results.

Conclusions. It can be concluded that quality of fried
vermicelli marketed locally is worrisome matter for the
consumers and quality control authorities. FTIR provided
complete profiling of groups and ratios in fried vermicelli very
accurately with negligible difference in the results. The
proposed methodology serves as a rapid and simple quantitative
tool for quality evaluation of major groups and ratios.
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Introduction

Nutritionists are interested in the fatty acid intake, as the oil and fats play an essential
role in human nutrition as energy source and metabolic activities since it is a major
research focus in nutritional sciences. They regulate the physiological process in human
body structure and produce energy [1].

Currently, nutritionists recommend intake of saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) in a
balanced amount for a nutritious diet because higher intake of SFA has been associated
with cardiovascular diseases (CVD), whereas MUFA and PUFA consumption is related
with beneficial health effects [2]. MUFA and PUFA substituted SFA [3] because MUFA
lower the risk factors of CVD [4]. PUFA can be linked to negative or beneficial health
effects [5]. The epidemiological research on clinical role of n-6/n-3 ratio of PUFA was
studied and found an increased risk of cardiovascular and coronary heart diseases [6].
Conversely, PUFA/SFA ratio is associated with CVD which can be lower by replacing
SFA with PUFA in a balanced diet [7] as the increased intake of PUFA has beneficial
effects [8]. However, some detrimental properties are also there, unsaturated FA can be
reacted with oxygen especially in air which makes them rancid [9]. The process of partial
hydrogenation is used to avoid the rancidity of unsaturated FA [10]. Before hydrogenation
process, unsaturated FA present in cis configuration, whereas partial hydrogenation
converts some of the cis double bonds into its frans configuration and relocate the position
of double bonds [11]. WHO scientific review committee on trans fat recommend daily
intake of partially hydrogenated oil should be less than 1% [12]. FDA proposed nutritional
facts labeling rules to separate the trans fat from total fat content, which was effective
from 1st January 2006 [11]. FDA remove partial hydrogenated oil which is the primary
source of trans fat, from the list of GRAS (Generally recognized as safe) and allow food
companies to eliminate the partially hydrogenated oils by reformulating their products by
2018 [13].

In Pakistan, no any study has been reported on the fatty acids as well as trans fatty
acid contents of fried vermicelli, as it is a very popular snack food in sub-continent. GC-
MS is considered as an authentic technique for the quantification of fatty acid
composition. The current study is conducted to investigate the main classes of fatty acid
present in different fried vermicelli samples collected from different locations of
Hyderabad, Sindh. The results of GC-MS correlated with the specific regions of FTIR
spectra using PLS chemometric technique.

Materials and methods

Chemicals and reagents

Solvents and chemicals, such as hexane, methanol and potassium hydroxide
(analytical grade) purchased from Merck (Darmstadt, Germany).

Sample collection

18 samples of fried vermicelli were collected from different local shops of Hyderabad,
Pakistan.

62 —— Ukrainian Food Journal. 2017. Volume 6. Issue 1



Food Technology

QOil extraction

Fried vermicelli samples were subjected for the extraction of total fat and oil by
applying Soxhlet extraction method using hexane as a solvent [14]. Total oil content was
calculated as percentage mass of the sample. Extracted fried vermicelli oil was transferred
into vials and kept at -4 °C until further analysis.

Determination of fatty acid composition

Fatty acid composition of fried vermicelli was analyzed by preparing Fatty acid methyl
ester (FAME) using IUPAC standard method [15]. GC-MS chromatograms of fried
vermicelli were recorded via Agilent GC-MS. Obtained data was analyzed using
ChemStation software. For identification of fatty acids in fried vermicelli, NIST and Wiley
libraries were used to compare the fatty acids by matching >90% similarity.

Gas chromatography — mass spectrometry conditions

FAME were analyzed on gas chromatography (Agilent 6890 N) coupled with a mass
selective detector (Agilent MS-5975) and an auto sampler injector (Agilent 7683-B) (Little
Fall, NY, USA). For the separation of FAME, 5% phenyl methylsiloxane (HP-SMS)
capillary column having 30 m length with internal diameter of 0.25 mm from Agilent
Technologies (Palo Alto, CA, USA) was used. Initial oven temperature 150 oC was set for
2 min and ramped at 4 C/min up to 230 °C and hold for 5 min. Helium was used as a carrier
gas with flow rate of Iml/min and a split ratio 1:50. Temperature of injector and detector
was set at 240 °C and 260 °C, respectively. Electron impact (EI) ionization source at 70 ev
in mass spectrometer was used with the scan range of 50-550 m/z as reported in earlier
study [16].

Statistical analyses and calculations

Peaks were identified by GC-MS libraries of NIST and Wiley and percentage of fatty
acids were quantified by area percent method.

Fourier Transform Infrared spectroscopy

All the infrared spectra of Fried vermicelli samples were recorded using Nicolet 320
Fourier transform infrared (FTIR) spectrometer (Thermo Nicolet Analytical Instruments)
Madison, WI, USA with ZnSe Single bounce ATR accessory (Spectra-Tech, Shelton, CT)
with KBr beam splitter and deuterated triglycine sulphate (DTGS) detector. OMNIC
software (version 7.3) was used for the instrumental control and acquisition of data. 24
accumulated scans with the resolution of 4 cm™ in the range of 4000-650 cm™ were set for
recording spectra. Background spectrum was collected before acquiring each spectrum of
sample. Soft tissue and hexane were used for the cleaning of ZnSe crystal after every
sample.

Results and discussion
Snack food products are of wider interest for food researchers because of its high

consumption. Fried vermicelli is one of the common snack food in sub-continent
especially in Pakistan. It is a type of pasta, round in section and somewhat thinner than

63

—— Ukrainian Food Journal. 2017. Volume 6. Issue 1



Food Technology

spaghetti. It is prepared using different recipes and looks like thin vermicelli usually
roasted/fried in oil/fat until light brown color appears. Initially, the samples were
subjected to oil extraction using Soxhlet extractor to know the exact oil content. High
percentage of oil content was observed in all fried vermicelli samples (19.77 and 32.99%).
The highest amount of oil was extracted from fried vermicelli-14 and minimum quantity
was found in fried vermicelli-18. Table 1 shows the fatty acids composition of fried
vermicelli expressed in percentage. In analyzed samples, palmitic (C-16:0) and stearic
acid (C-18:0) were present in higher amounts, whereas dodecanoic (C-12:0), myristic (C-
14:0) and arachidic acid (C-20:0) found in relatively low quantities. Among SFA, palmitic
acid in fried vermicelli was present in the range of 34.6-47.5%. The stearic acid in fried
vermicelli was present in the range of 4.76-10.6%. Oleic acid was observed as main
contributor among MUFA in fried vermicelli samples. The percentage of oleic acid was
found between 27.2-37.0% in fried vermicelli. Among MUFA, elaidic acid (trans fatty
acid) was also detected in all fried vermicelli samples. The trans fatty acids in fried
vermicelli was quantified in the range of 12.0-24.3%, highest and lowest value was found
in fried vermicelli-17 and vermicelli-2, respectively, which indicated that fried vermicelli
prepared in hydrogenated oil. Nutritional values of PUFA are very important because of
essential FAs. The amount of PUFA in fried vermicelli samples was observed
comparatively in less quantity (0.66-5.99 %). Linoleic acid (C18:2) was the main fatty
acid in PUFA group.

Table 2 shows the fatty acid ratios and nutritive values of the fried vermicelli.
SFA/UFA ratio showed co-relation of two main fatty acid groups. The value of this ratio
was found between 0.72 — 1.92, indicated that SFA proportion present in higher amount. It
has been reported that high ratio increases plasma very low density lipoprotein (VLDL)
lipids and reduces the hepatic hypertriglyceridemic effect [17]. The minimum value of cis
PUFA/SFA ratio set as 0.45 by British Department of Health, UK [18]. In this study, cis
PUFA/SFA ratio were found lower than recommended limits in fried vermicelli samples
which are not good for health in terms of CVD. Highest value of cis PUFA/SFA was
found in fried vermicelli-12 (0.103) and minimum in fried vermicelli-3 (0.013). Trans
FA/cis FA ratio is also a very important parameter which shows the degree of conversion
of cis to trans configuration. In current study the ratio was found between 0.1 and 1.81.
Higher values of this ratio indicated higher proportion of hydrogenated oil. cis PUFA/SFA
+ TFA and cis MUFA + cis PUFA/SFA + TFA are commonly used to express nutritional
value of edible oils and fats [19]. In this study the values of cis PUFA/SFA + TFA were
found between 0.01 and 0.097, whereas cis MUFA + cis PUFA/SFA + TFA ratio were
found in the range of 27.7 to 37.05 in fried-vermicelli.
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Table 1
Fatty acid composition of fried vermicelli
Fried
vermicelli | 150 [ Cc14:0 | C16:0 | c18:2 | €181 | CI81 4 qg | c 2000
Sample Cis trans
No.
| i 0.14 41.5 2.73 37.0 12.2 6.38 i
+0.01 +0.00 | +0.00 | +0.01 +0.00 +0.00
) i 0.54 41.7 2.14 35.1 12.0 8.49 i
+0.01 +0.01 +0.02 | £0.07 +0.01 +0.01
3 0.03 0.25 41.6 0.66 33.0 13.8 10.6 0.07
+0.01 +0.03 | +0.01 +0.01 +0.04 +0.01 +0.07 | +0.00
4 i 0.52 37.3 3.22 30.6 19.4 8.91 i
+0.02 | £0.01 +0.05 | +0.01 +0.01 +0.02
5 i 0.66 38.8 5.99 32.5 14.5 7.54 i
+0.01 +0.02 | +0.02 | +0.00 +0.01 +0.01
6 0.02 0.26 34.6 1.97 32.0 23.4 7.60 0.12
+0.01 +0.05 | +0.01 +0.01 +0.01 +0.05 +0.01 +0.01
7 0.18 0.86 40.6 3.92 30.2 15.4 8.58 0.24
+0.01 +0.00 | +0.00 | +£0.00 | +0.01 +0.01 +0.00 | +0.05
3 0.16 0.89 42.1 3.90 28.8 17.2 6.73 0.27
+0.01 +0.01 +0.00 | +0.01 +0.03 +0.01 +0.00 | +0.01
9 0.30 0.79 40.8 3.58 29.3 16.7 8.60 i
+0.01 +0.01 +0.06 | +0.04 | +0.00 +0.06 +0.02
10 0.55 i 47.5 1.56 27.2 18.4 4.76 i
+0.01 +0.00 | +0.01 +0.01 +0.01 +0.05
11 i 0.68 39.6 2.81 28.3 22.9 5.78 i
+0.02 | £0.01 +0.03 | +0.05 +0.01 +0.01
12 i 0.40 38.5 4.74 30.0 19.3 6.94 0.15
+0.02 | £0.01 +0.01 +0.01 +0.03 +0.00 | +0.04
13 i 0.48 38.8 2.86 28.5 23.9 5.43 i
+0.01 +0.04 | £0.01 +0.00 +0.01 +0.01
14 i 0.15 40.4 1.40 31.6 20.5 5.88 i
+0.05 | +£0.05 | +£0.00 | +0.05 +0.02 +0.01
15 i 0.37 37.0 2.15 31.6 22.0 6.74 0.18
+0.01 +0.00 | +0.01 +0.01 +0.00 +0.05 | +0.05
16 0.02 0.26 37.3 1.91 33.6 20.4 6.49 0.06
+0.01 +0.06 | £0.02 | +£0.05 | £0.02 +0.01 +0.01 +0.00
17 0.03 0.38 39.1 1.30 28.5 24.3 6.38 0.07
+0.01 +0.01 +0.01 +0.02 | £0.02 +0.04 +0.06 | +0.01
13 i 0.69 41.9 2.48 29.4 16.5 9.06 i
+0.01 +0.00 | +0.02 | +0.01 +0.01 +0.01
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Table 2
Fatty acid groups and fatty acids ratios of fried vermicelli (SFA, cis MUFA, trans MUFA, total
MUFA, cis PUFA, SFA+TFA, MUFA+PUFA, cis MUFA+PUFA, SFA/UFA, cis PUFA/SFA,
trans MUFA+ cis MUFA, cis PUFA / SFA+TFA, cis MUFA+PUFA/SFA+TFA)
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ATR-FTIR spectra of fried vermicelli

The representative FTIR spectra of extracted oil of fried vermicelli are shown in
Figure 1A. The assignments of the bands corresponding to the stretching vibration modes
are usually easier than the assignments of the bands corresponding to the bending
vibration modes due to overlap [20]. The stretching vibration band at 3004 cm™ and two
intense bands at 2920 cm™ and 2851 cm™ correspond to the cis double-bonds and
asymmetric and symmetric stretching vibration of aliphatic C-H, functional groups,
respectively.

Intense band of carbonyl functional group of triglycerides appear at 1742 cm™, the
aliphatic groups of the CH, and CH; shows a band near 1465 cm™ because of the bending
vibrations, whereas the rocking vibrations of CH band at 1418 cm™ appeared due to the
cis-olefins and 1377 cm™ band is due to bending vibrations of CH, groups. Stretching
vibrations of C—O ester group typically shows four bands at 1235, 1161, 1116 and 1097
cm™ along with CH, group associated with bending vibrations at first two frequencies i.e.
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1235 cm™ and 1161cm™. Characteristic band of isolated trans olefins at 966 cm™ appears
due to the bending vibrations of C-H out of plane deformation, while the band at 721 cm
is due to the rocking vibration of out of plane cis olefins overlapping of CH,.

FTIR spectral pre-treatment and data correction

For the FTIR quantification of various fatty acid groups and their ratios, different
regions of the mid IR range were used to construct suitable model using 1st and 2nd
derivative spectra in order to improve regression values as compare to the pure absorbance
signal. Figure 1A, 1B and 1C shows normal, 1st derivative and 2nd derivative spectra of
extracted fried vermicelli oil, respectivley.

PLS models

Table 3A and Table 3B illustrates the quality parameters based on Fig 2A and Fig 2B
including selected spectral region, baseline type, factors, R2 value and RMSEC of models
to predict groups such as SFA, MUFA, cis-MUFA, PUFA, TFA and fatty acid ratios. The
number of factors used in PLS models were auto selected by TQ software in regression
analysis based on attaining minimum predicted residual error of sum of squares (PRESS)
value. For the development of calibration model partial least square (PLS) regression was
applied, whereas the obtained GC-MS values of SFA, MUFA, cis-MUFA, PUFA, TFA
and their ratios were used as reference to establish correlation between actual GC-MS and
predicted FTIR values. For each PLS model 18 samples were used as calibration points. It
was found that difference between actual and predicted values of SFA, MUFA, cis-
MUFA, PUFA, TFA and their ratios were very small which indicates successfulness of
developed PLS models.

Minimum three models were developed by selecting different spectral regions for
each fatty acids groups and ratios. For SFA model best results were achieved in the
regions of 2970-2820 & 1400-1200 cm™ with R2 and RMSEC value of 0.999 and 0.112,
respectively. Model developed for total MUFA showed higher R2 value 0.99916 in the
region of 3000-3050 cm™ using linear removed baseline with RMSEC 0.132. On the other
hand, individually cis and trans MUFA models demonstrated good results with linear
removed baseline in the region of 3050-2850 cm™ and 2nd derivative in the spectral range
0f 980-945 cm™. The high R2 values were achieved in both models 0.999 and 0.991 with
minimum RMSEC value 0.00984 and 0.504, respectively. For the quantification of cis
PUFA in fried vermicelli, best model was developed in the range of 2989-2869 cm™ using
linear removed baseline type with R2 and RMSEC values of 0.999 and 0.031,
respectively. The developed PLS model for fatty acid ratios including SFA+TFA (2880-
2815 & 980-945), MUFA+PUFA (3010-2880), cis MUFA+PUFA (3050-2650 & 1650-
1800), SFA/UFA (3010-2880), cis PUFA/SFA (2950-2800 & 679-786), trans MUFA/cis
MUFA (2950-2880 & 980-945) and cis MUFA+PUFA/SFA+TFA (3050-2800 & 1520-
1000) showed R2 values of 0.999 except in cis PUFA/(SFA+TFA) (2950-2800 & 980—
945) model which has R2 value of 0.997 with the maximum RMSEC value of 0.092 in
SFA+TFA model and minimum RMSEC was found to be 0.11e-3 in cis PUFA/ SFA
model. Table 4A and Table 4B show the results of fatty acids groups and fatty acids ratios
respectively, obtained from GC-MS and FTIR with difference between them. In all the
developed FTIR models, there is very little difference compared to GC-MS results.
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Table 3A
FTIR PLS correlation model of fatty acid groups
Fatty acid Spectral region cm™ Baseline type | Factors R? RMSEC
3050-650 None 2 0.818 1.74
SFA 2950-2820&1125-1080 None 4 0.956 0.888
2970-2820&1400-1200 None 7 0.999 0.112
3050-2950 None 8 0.999 | 0.0357
cis MUFA 3020-650 None 3 0.885 1.15
3050-2850 Linear 10 0.999 0.009
removed
980-945 None 4 0.984 0.674
trans MUFA 980-945 1* Derivative 4 0.988 0.605
980-945 2" Derivative 5 0.991 0.504
3050-650 None 3 0.958 1.04
Total 4000-650 None 2 0.959 1.03
MUFA 3050-3000 Linear 9 0.999 0.132
Removed
2989-2869 None 5 0.984 0.229
cis PUFA 4000-650 None 1 0.759 0.839
2989-2869 Linear 8 0.999 0.031
Removed
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Table 3B
FTIR PLS correlation model of fatty acid ratios
Fatty acid ratios Spectral_:‘eglon Baseline Factors | R® | RMSEC
cm type
2880-2815 & None 9 0.999 | 0.092
SFA+TFA 980-945 None 2 0.808 1.570
3010-750 & None 7 0.999 | 0.101
990-945
3050-2950
3010-2880 None 7 0.999 | 0.091
MUFA+PUFA 3015-2835 None 6 0.999 | 0.122
3040-2830 None 4 0.992 | 0.383
3050-2700 & None 3 0.984 | 0.480
Cis MUFA+PUFA 1650-1800 None 3 0.839 1.480
30502870 & 1" 4 0.999 | 0.060
1650-1800 Derivative
3050-2650 &
1650-1800
3030-2880 None 6 0.999 | 0.006
SFA/UFA 3040-2880 None 6 0.998 | 0.006
3010-2880 None 7 0.999 | 0.003
cis PUFA/ SFA 2950-2800 & None 8 0.999 | 0.11¢”
679-786 None 5 0.992 | 0.003
2950-2800 None 3 0.929 | 0.009
3000-2800
trans MUFA/ cis MUFA | 2950-2830 & None 5 0.994 | 0.015
980-945 None 3 0.975 | 0.031
3050-2950 & Linear 7 0.999 | 0.006
980-945 removed
2950-2880 &
980945
cis PUFA/(SFA+TFA) 3050-2800 & None 4 0.980 | 0.003
980-945 None 5 0.992 | 0.002
2950-2800 Linear 6 0.997 | 0.001
2950-2800 & removed
980945
Cis MUFA+PUFA/ 3050-2800 & None 7 0.998 | 0.053
SFA+TFA 1000-900 None 8 0.999 | 0.006
3050-2800 & None 4 0.961 0.681
1520-1000
3050-2800 &
1830-920
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Table 4A
Comparative results of FTIR and GC methods for fatty acid groups
Fried SFA cis MUFA trans MUFA
vermicelli
Sample
No
GC | FTIR | Diff GC | FTIR | Diff GC | FTIR | Diff
1 48.003 | 47.769 | -0.234 | 37.010 | 37.017 | 0.007 | 12.255 | 12.235 | -0.020
2 50.730 | 50.860 | 0.130 | 35.120 | 35.116 | -0.004 | 11.990 | 12.596 | 0.606
3 52.498 | 52.504 | 0.006 | 33.030 | 33.024 | -0.006 | 13.808 | 13.075 | -0.733
4 46.760 | 46.921 | 0.161 | 30.650 | 30.634 | -0.016 | 19.360 | 19.597 | 0.237
5 46.999 | 47.006 | 0.006 | 32.492 | 32.493 | 0.001 | 14.516 | 14.696 | 0.180
6 42.641 | 42.606 | -0.036 | 32.016 | 32.022 | 0.006 | 23.369 | 23.222 | -0.147
7 50.508 | 50.492 | -0.016 | 30.165 | 30.156 | -0.008 | 15.412 | 14.737 | -0.675
8 50.113 | 50.051 | -0.062 | 28.755 | 28.758 | 0.003 | 17.228 | 17.927 | 0.699
9 50.447 | 50.450 | 0.002 | 29.310 | 29.303 | -0.007 | 16.666 | 16.838 | 0.172
10 52.798 | 52.803 | -0.017 | 27.248 | 27.264 | 0.016 | 18.392 | 18.465 | 0.073
11 46.062 | 45.915 | -0.147 | 28.265 | 28.255 | -0.009 | 22.859 | 22.747 | -0.112
12 45.950 | 45.845 | -0.105 | 29.970 | 29.963 | -0.007 | 19.340 | 19.428 | 0.088
13 44721 | 44.683 | -0.037 | 28.487 | 28.495 | 0.009 | 23.935 | 23.659 | -0.276
14 44293 | 44.327 | 0.034 | 31.573 | 31.579 | 0.006 | 21.984 | 22.679 | 0.695
15 44.124 | 44.319 | 0.195 | 33.614 | 33.606 | -0.008 | 20.354 | 21.051 | 0.698
16 45.955 | 45.867 | -0.088 | 28.480 | 28.467 | -0.013 | 24.262 | 23.108 | -1.154
17 46.473 | 46.675 | 0.202 | 31.646 | 31.663 | 0.018 | 20.474 | 20.562 | 0.089
18 51.627 | 51.611 | 0.005 | 29.398 | 29.409 | 0.012 | 16.499 | 16.081 | -0.418
Fried Total MUFA cis PUFA
vermicelli
Sample No
GC FTIR | Diff GC | FTIR | Diff
1 49.265 | 49.281 | 0.016 | 2.730 | 2.713 | -0.017
2 47.110 | 47.131 | 0.021 | 2.140 | 2.077 | -0.063
3 46.838 | 46.867 | 0.029 | 0.663 | 0.698 | 0.035
4 50.010 | 49.810 | -0.200 | 3.220 | 3.236 | 0.016
5 47.007 | 46.735 | -0.272 | 5.993 | 5.962 | -0.031
6 55.386 | 55.595 | 0.209 | 1.973 | 2.011 | 0.038
7 45.576 | 45.791 | 0.215 | 3.916 | 3.920 | 0.004
8 45.983 | 46.093 | 0.110 | 3.905 | 3.910 | 0.005
9 45.976 | 46.091 | 0.115 | 3.576 | 3.598 | 0.023
10 45.640 | 45.476 | -0.164 | 1.561 | 1.539 | -0.022
11 51.124 | 51.237 | 0.113 | 2.814 | 2.767 | -0.047
12 49.310 | 49.317 | 0.007 | 4.740 | 4.803 | 0.063
13 52.422 | 52.288 | -0.134 | 2.858 | 2.823 | -0.034
14 53.557 | 53.612 | 0.055 | 2.149 | 2.162 | 0.013
15 53.968 | 53.884 | -0.084 | 1.908 | 1.927 | 0.019
16 52.742 | 52.706 | -0.035 | 1.304 | 1.294 | -0.010
17 52.119 | 52.037 | -0.082 | 1.407 | 1.431 | 0.024
18 45.897 | 45978 | 0.081 | 2.476 | 2.459 | -0.016
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Table 4B
Comparative results of FTIR and GC methods for fatty acid ratios

© SFA+TFA MUFA+PUFA Cis UFA+ cis PUFA/

E- S PUFA (SFA+TFA)

& GC | FTIR | Diff | GC |FTIR| Diff | GC |[FTIR| Diff | GC | FTIR | Diff
1 | 60258 | 60345 | 0.087 |51.995]52093| 0098 | 39.740|39.752] 0012 | 0.045 | 0.045 | 0000
2 | 62720 | 62770 | 0050 |49250|49225|-0025]37260|37219| 0041 | 0034 | 0034 | 0000
3 | 66306 | 66257 | 0049 [47.501|47419| 0082 |33693|33.733| 0040 | 0010 | 0.009 | 0001
4 | 66120 | 66173 | 0053 |53230|53.171]-0059|33.870]33.864| 0006| 0049 | 0048 | -0001
5 | 61515 | 61469 | -0046|53.000(53.071| 0071 | 38485|38549| 0.064 | 0097 | 0097 | 0000
6 | 66011 | 66035 | 0024 |57358|57466| 0.108 | 33.989|34.060| 0.071 | 0030 | 0031 | 0.001
7 | 65920 | 65759 | 0161 [49492|49334| -0.158 | 34.080|34069| 0011 0059 | 0059 | 0000
8 | 67341 | 67464 | 0.123 |49.888|49936| 0.048 | 32659|32632| 0027| 0058 | 0059 | 0.001
9 | 67114 | 67062 | 0051 ]49552]49583| 0031 |32.886]33.034] 0.148 | 0053 | 0056 | 0003
10 | 71190 | 71178 |-0012|47201|47333] 0.132 | 28809|28.797| 0012| 0022 | 0021 | -0001
11 | 68921 | 69090 | 0.169 |53938]53941| 0003 |31.079|31.162| 0083 | 0041 | 0037 | -0004
12 | 65290 | 65258 |-0032|54050|54.153] 0.103 | 34.710| 34666| 0044 | 0072 | 0070 | -0002
13 | 68656 | 68530 |-0125[55279|55301| 0022 |31344|31357| 0013 | 0042 | 0042 | -0000
14 | 66277 | 66446 | 0169 |55.707|55578] -0.128 | 33.723| 33.647| 0076 | 0032 | 0031 | -0001
15 | 64478 | 64372 | 0106 |55876|55.735| 0.141 | 35522/ 35443| -0079| 0030 | 0032 | 0002
16 | 70216 | 70202 |-0014|54045]|54.129| 0083 | 29.784| 29.758| -0026| 0018 | 0020 | 0.002
17 | 66947 | 66874 | -0073|53527|53417|-0.110 | 33.053/32930| -0123| 0021 | 0023 | 0002
18 | 68127 | 68122 |-0005|48373|48378] 0006 | 31.873|31.889| 0015 | 0036 | 0035 | -0001

@ SFA/UFA Cis PUFA / Trans MUFA/ Cis MUFA+PUFA/

=) SFA cis MUFA SFA+TFA

EZ GC FTI | Diff | GC | FTIR | Diff | GC FTI | Diff GC | FTIR | Diff

R R
1 | 0920] 0917 | 0003| 0057] 0057 | -0000| 0308 | 0.311| 0003 | 37050 37057 | 0.007
2 | 1030 1.027 | 0003| 0042] 0042 | 0000| 0322 | 0313| 0009 | 35150] 35.151 | 0.001
3 | 1100] 1104 | 0004] 0013| 0013 | -0000] 0410 | 0405| -0005 | 33.040] 33.039 | -0001
4 | 0880| 0883 | 0003 | 0069 0069 | 0000| 0572 | 0581 0.009 |30.700] 306% | 0004
5 | 089%] 0883 | 0007] 0128 0128 | 0000] 0377 | 0379| 0002 | 32590] 32.589 | -0001
6 | 0740 0738 | 0002] 0046| 0046 | 0000] 0688 | 0675] -0013 | 32050] 32049 | -0001
7 | 1020] 1.027 | 0007 | 0078] 0078 | 0000 0452 | 0456| 0004 | 30220] 30215 | 0005
8 | 1000| 099 | 0004| 0078] 0078 | 0000] 0528 | 0536| 0008 | 28810] 28800 | -0010
9 | 1020 1.019 | 0001| 0071 0071 | 0000| 0507 | 0513 0.006 | 29360, 29360 | 0.000
10 | 1.120] 1.119 | -0001| 0030 0.030 | 0000] 0638 | 0.651| 0013 | 27270| 27270 | 0.000
11 | 0850] 0850 | -0000| 0.061| 0061 | 0000] 0.736 | 0.734| 0002 | 28300 28316 | 0.016
12 | 0850] 0855 | 0005] 0.103| 0.103 | 0000| 0557 | 0.556| 0001 | 30040 30044 | 0.004
13 | 0810] 0810 | 0000 | 0.064| 0064 | 0000| 0.764 | 0.768 | 0004 | 28520 28516 | 0004
14 | 0730 0730 | 0000 | 0.048| 0.048 | 0000| 0652 | 0656| 0004 | 31.600] 31.5% | 0004
15 | 0800 0805 | 0005] 0.043] 0043 | 0000| 0573 | 0.564| 0009 | 33.640] 33640 | 0000
16 | 0790| 0793 | 0003 | 0028 0028 | 0.000| 0814 | 0.809| 0005 | 28500 28509 | 0.009
17 | 0850 | 0843 | 0007| 0030] 0030 | 0000 0619 | 0610| 0009 | 31670] 31663 | -0007
18 | 0870| 0871 | 0001 ] 0.048] 0048 | 0000| 0518 | 0519| 0001 | 29430] 29431 | 0.001

N
N
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Conclusion

In the present study, fried vermicelli was completely analyzed for their fatty acid
profile including various groups and ratios by GC-MS. Based on results, it was concluded
that fried vermicelli contain high percentage of oil ranging from 19.77 and 32.99%. Fatty
acid composition revealed that SFA and MUFA present in higher amount as compare to
PUFA in fried vermicelli. All fried vermicelli samples showed higher trans fatty acids
which indicated that samples were prepared in hydrogenated oil. Furthermore, fried
vermicelli also showed less nutritional values in comparison to recommended values of
trans fat and cis PUFA/SFA ratio set as 0.5% and 0.45, respectively. FTIR spectroscopy
successfully applied to quantify fatty acid groups and ratios in fried vermicelli using
chemometric. The developed PLS models showed higher correlations (>0.99) with less
calibration error. The selected wavelength regions can be used to quantify the fatty acid
group and their ratios using FTIR with least analysis time without using organic solvents.
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Introduction. Beer that is made from hops or hop products of
certain breeding varieties, varies considerably in the nature of
bitterness, taste and aroma. This is due to the peculiarity of the
biochemical composition of bitter substances, polyphenolic
compounds and essential oil of hop of aromatic and bitter
varieties. The aim of the study is to use in brewing the CO,-extract
and hop with a low content of alpha-acids, which can be the waste
in the production of pellets 45, and to invent methods for its
rational using.

Materials and methods. Aromatic hops varieties with low
alpha-acids, CO,-extract and beer made from them were
investigated. High-performance liquid chromatography to
determine the amount and composition of the bitter substances of
hops, CO,-extracts and their conversion products in the brewing
process and spectrophotometric quality control methods for the
bitter taste of hopped wort and finished beer were used.

Results. When we use in brewing CO,-extract and a thin-
aromatic hop with a low content of alpha-acids in optimal
proportions, polyphenols of low-hops help to remove high-
molecular polypeptides from the wort by coagulation with the
formation of complexes. Thanks to this, a higher colloidal
resistance of beer is achieved and the degree of use of bitter
substances is increased by 15-20%. Beer that was prepared with
the using of 40% wort, bitterness of aromatic low-hops and 60%
bitterness due to CO,-extract, has had the best flavor and aromatic
qualities. Beer in which extract and aromatic hops was used in a
proportion of 40:60% was not much different. Polyphenols and
beta-fraction of aromatic low-hops hops positively influence the
coarse bitterness of the CO,-extract, softening and smoothing it,
making the common bitterness of the beer balanced. Also, when
we use these proportions, a maximum decrease in the index of
high molecular weight polypeptides is observed, which predicts a
high colloidal persistence of beer. When we use in brewing only a
CO,-extract, it is impossible to obtain beer with high taste
qualities. However, an excessive amount of hoppy polyphenols
leads to an astringent taste in beer.

Conclusions. Aromatic hop with a low alpha-acid content can
be used in brewing as a polyphenol additive in combination with a
CO,-extract, taking into account the quantitative content and
qualitative composition of hop products and adhering to a certain
technology of making beer.
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Introduction

Substances that are different in nature and chemical structure, which are part of the
hops, give the beer a typical bitter taste, a characteristic specific flavor and cause many
other important biotechnological properties. Hops compounds are effective agents for the
deposition of high nitrogen substances from wort, involved in lighting and foaming, and
exhibit bactericidal and preservative effect on the final product, increasing stability of beer
in it storage [1-3].

Previous studies of national and foreign scientists [4-6] have found that beer made from
hops of certain breeding varieties vary greatly in nature of bitterness, flavor and aroma. It's
due with features of biochemical composition of bitter substances, polyphenolic compounds
and essential oil of bitter and aromatic hop varieties. A different ratio of the components of
these compounds has different effects on taste and aroma of beer [3, 5, 7-11]. Nowadays a
significant part of hop with low content alpha acid is grown. Ukraine isn't an exception.
The majority of hops plantation in Ukraine now occupied by traditional fine aromatic
varieties for example: Clone 18, Zlato Polissya, Slovyanka, Natsionalniy. Due to difficult
arid climatic conditions of recent years, that did not contribute to the synthesis of bitter
substances, a significant part of hops have alpha acid content 3-4 %.

It is worth noting that regional as well as powerful breweries in Ukraine in their
technology use a significant part of granulated hops. But when wort is hopping by granules
containing only the AA 3-5 %, to a brewing machine is brought significant weight of hop,
while there are significant losses of wort. Therefore, it was necessary to develop methods of
increasing increase the content of alpha acids in granules by physical means, one of which
is production of pellets type 45, which relate to preparations enriched of hop [1, 12]. This
method includes additional processing of cones by cold air at a temperature of -35 °C, in
which lupulin grains are getting more rigid and less resinous, which makes it possible to
separate them from the petals of hop cones sifting about three times [1, 12]. Thanks to the
separation of lupulin from hop cones and adding it in certain proportions to grinding hops,
bitter substances content increased twice. Weight of enriched hop pellets is granulated and
we get the granules of type 45. Due to the fact that it's impossible to separate lupulin from
hop cones completely, there remains a certain amount of bitter substances. Therefore, there
is a problem of using waste of subtly aromatic hops remaining in the manufacture of pellets
type 45. Such hops, according to current standards, by the content of alpha acids is
considered unusual and is not entitled to be used for direct hopping of wort, although all
other indicators it meets standards.

Also in brewing along with granules is used CO,-extracts of hops. Long-term studies
show [3, 5, 11-12] that using only CO,-extracts of hop can’t get a beer with excellent taste.
This is due to the fact that these extracts are mainly made from bitter hop varieties. Also,
CO,-extracts, unlike hops, doesn’t contain the polyphenols of hop (PF).

Polyphenolic hop compounds contribute to protein precipitation and the formation of
complex protein-polyphenolic complexes during boiling, thereby precipitating at the boil,
thereby brightening the wort, and thereby preventing bitter hop substances from oxidation
and loss. They are antioxidants and increase the restorative capacity of beer, affect the
stability of taste. But high-molecular polyphenols with prolonged boiling cause an
unpleasant astringent taste in beer. Extractable polyphenolic substances of hops affect the
taste and quality of beer not independently, but in combination with bitter substances of
hops, proteins and amino acids.

Salach and other researchers, analyzing the quality of hops, depending on its content of
polyphenols, noted that in the Czech varieties content of polyphenols is significantly
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higher than the varieties of hops other countries. Thus, the content of polyphenols in the
Czech hops varieties Zhatetskyy, featuring the highest quality of 5,2-5,9%, while in the US
- less than 2.6%. They considered high content of polyphenols in hops Zhatetskyy its
advantage over other varieties. Nowadays scientists also claim that the best quality beer
made from hops, containing about 5% of polyphenols [9,10].

Therefore, the selection of hops and products of its processing to produce beer with
great bitterness and quality is an issue relevant to the Brewers Association of America [8]
European brewers [4] and Ukrainian beer producers [5].

The aim of the research was to examine the features of using in brewing CO,-extract of
hops and low-alpha acids, which may be waste in the production of pellets type 45 and
inventing ways of using and rational using of its valuable substances.

Materials and methods

It was used the international modern physicochemical methods of the analysis of bitter
substances of hops and hop preparations and products of their transformation in the brewing
process: high performance liquid chromatography, spectrophotometry, and also methods of
monitoring, harmonised with the methods of the European Brewery Convention [2, 9, 10].

Methods of researches of qualitative indicators of hops and CO,-extract

Subtly aromatic hop varieties with a low content of bitter substances were investigated.
The weight of average sample for identification and biochemical studies was not less than
0.5 kg of dry hops. Alpha acids in hops were determined by conductometric EMU 7.4 [2,
13, 14]. Bitter substances of hops and the extract extracted with an organic solvent —
methanol. The ratio between the weight of hop cones and extractant was 1:10. The number
of o- and p-acids was determined by high performance liquid chromatography.
Chromatography was performed using a liquid chromatograph Ultimate 3000 UV with the
detector at 35 °C. The column 100 x 2.1 mm was used, which was filled with sorbent
Pinacle DV C18 3 MK. A solution of methanol water and acetone in the ratio 38:24:38 was
used as the mobile phase. International standard-a standard ICF-3 was used for the
quantitative determination of the components of the bitter substances. Total polyphenolic
compounds in hops were determined by the method of Folin [2].

Method of preparation samples of beer in the mini-brewery

Experimental brewing of the tested samples were carried out in the laboratory and
mini-brewery of the Institute, with a capacity of 100 liters of beer per cycle, which rather
adequately simulates the conditions of the real brewing industry.

In the experimental boiling preparation and filtration of the mash was performed
according to the adopted at this production technology. The wort was prepared from 100%
barley malt and CO,-extract. Extract was contributed at the beginning of hopping. After
the complete set, the wort was boiled for 30 min. Then in wort in each case made the
experiment pawned represented hop varieties in two installments: 85% are pawned at the
beginning of hopping, 15% are pawned 15 min before the end of the hopping. Duration of
boiling of wort with hops was continued about 90 minutes.
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Methods of researches of quality indicators of wort and beer

Bitterness of wort that is formed in the process of it boiling with the hops, as a result of
extraction and isomerization of bitter substances of hops, was measured on a
spectrophotometer according to the method of EMU 8.8 (International method MI). The
method is based on measuring optical density of iso octane extract obtained in the
extraction of bitter substances acidified hopped beer wort isooctane (2,2,4- three methyl
pentane) spectrophotometer at wavelength 275 nm against isooctane. We counted quantity
of bitterness, which is expressed in international units of bitterness - one EMU by index of
optical density.

In the beer content of polyphenolic compounds and anthocyanins were determined on a
spectrophotometer according to the EBC method 9.11 (International method MI). [4].
Antotsianoheny were determined by the method of Harris and Rikkets [14]. This method is
based on the transformation of Antotsianogens in anthocyanidins upon heating with acid.
Antotsianogens are completely adsorbed on the adsorbent and polyamide sorbent is
dissolved in a mixture of butanol - HCI. Red pigments, anthocyanins and anthocyanidins
are converted into colored form when they are heated. The intensity of color, which is
determined on a spectrophotometer under the wavelength of 350 nm, determines the
content of anthocyanidins.

In the prepared beer and wort was controlled the size of fractions of high polypeptides.
In developing the method came from the ratio of ingredients, the method adopted in
determining the fraction Lundin and Shroderhayma [15] A faction in determining
macromolecular proteins.

A fraction was determined by tannin parameter that is using photoelectric by the green
optical filter in the cell with the working face width of 10 mm.

Quantitative dependence of macromolecular polypeptides of fractions A content (mg /
100 ml) expressed by the equation:

T =-0,045 + 0,0276 - A,

where A — A faction of content, mg / 100 ml;
T — index of tannin (optical density).

Colloidal stability of prepared beer predicted and evaluated by the "degree of
ammonium sulfate precipitation" by method proposed by Basarjova, based on identifying
substances that are precipitated saturated solution of ammonium sulphate using
turbidimeter [16].

Preliminary, according to the formazine suspensions of known turbidity (from 0.5 to 12
units of EMU), calibration curves are constructed. In a row of tubes add 10 ml of beer,
freed from carbon dioxide, and add a saturated solution of ammonium sulfate in increasing
quantities. In the control, to the row of tubes with 10 ml of beer, the same amount of water
is added. The turbidity at the nephelometer is measured at a wavelength of 670 nm. The
measurements are carried out 15 minutes after the addition of ammonium sulfate, and the
solution is transferred to the cuvette 2 minutes before the expiration of 15 minutes so that
the solution in the cuvette is settled. Measurements are done against control.

Saturated ammonium sulfate solution is prepared so that at a temperature of 20 ° C in
100 ml of the solution there were 43 g of anhydrous ammonium sulfate, and after settling
the solution for 48 hours, undissolved ammonium sulfate crystals remained on the bottom
of the flask.
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There was conducted a series of experiments in brewing beer to study the effect of hop
polyphenols of low-ash hop on quality indicators wort and beer, where near CO,-extracts
was currently used hops.

Characteristics of hops shown in the Table 1.

Table 1
Characteristics of hops
Contents, %
Hops Weight of hops for
- i . 3
Alp‘h a Polyphenolic Antotsianogens hopping, g/dm
acids compounds
Hop 1,2 7,2 5,6 4,132
CO, -extract 52,9 - - 0,151

As you can see from the table, content of bitter substances in CO,-extract is quite high
and amounted to 52.9%, so its mass for hopping of wort is insignificant compared with
hops (0.151 g/dm® for CO,-extract and 4.132 g/dm’ for hops). While currently hop holds
7.2% polyphenolic compounds, which does not have a CO,-extract.

The weight of hop and extract that was introduced to the hopping for each variant of
experiment, weight of hop polyphenols (PF) which were made to the wort, and also value
of bitterness wort, content of total polyphenols, anthocyanogens (AG) and macromolecular
polypeptides are shown in the Table 2.

Table 2
Influence of correlation of CO,-extract and aromatic low-ash hop the on quality indicators of
hopped wort
Weight of hop products. @ =
Was made, % g of drlr)r”p ’ E i Content
= =
< =)
2 €% |& = |g
: "5 | |8
g = ? 2o | = |3
@ e = > =) =2 E
= CO;- ° L |2 & 5o
Hop CO,-extract Hop 2o |8 Z eSS
o extract S & |2 = <=
z = g |% q:'a &
ZEIT | 2 |g¢
2 2 <EE-
z |2 | % |2
£ > 2 |&
1 100 - 0,1510 - - 32,0 | 131,4 | 21,0
2 80 20 0,1208 0,826 52,3 | 33,5 | 143,6 | 20,7
3 60 40 0,0906 1,653 104,7 | 35,3 | 160,4 | 17,9
4 40 60 0,0604 2,480 157,11 37,6 | 188,8 | 14,5
5 20 80 0,0302 3,306 209,5 | 40,1 | 219,1 | 13,7
6 - 100 0 4,132 261,8 | 43,0 | 255,5 | 13,6
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With an increase in the amount of hops introduced with each variant of the experiment,
the amount of both the polyphenols introduced into the wort and those defined in the wort
increases. It should be noted that hops polyphenols interact more intensely with wort
proteins with the formation of insoluble complexes, which positively affects the colloidal
resistance of beer. Proanthocyanidins are the most active compounds in the formation of
polyphenolic-protein complexes. Therefore, if there are more of them in the hop
preparations, much more scrap is formed when the wort is hopped and it is better
illuminated. This is observed in our studies when hopping wort only carbon dioxide extract,
extract and low-hops in different proportions and one low-hops hop. It was noted that in the
6th variant, in comparison with 2, the amount of hops hopped into the wort increased 5
times, although the actual amount in hop wort in version 6 increased only 1.8 times. The
remaining polyphenols, obviously, precipitated with the formation of polyphenolic-
polypeptide complexes. This assumption is confirmed by the fact that in the case of
hopping of wort with an extract only in the absence of polyphenols, scrap hops are formed
little, slightly more is formed in the second variant. We noted that in the third and fourth
variants, the amount of sediment increased significantly. Most of all he was in the 5th and
sixth versions. But in these cases there were also the largest wort losses with this.

Our assumption is also confirmed by the data in the table, which indicate that from 1 to
6, the high molecular weight polypeptide decreases, and this decrease is 35.2%.

Influence of correlation of beer quality which was made according to this variant and
biochemical characteristic of beer are made in Table 3.

Table 3
Influence of correlation CO,-extract and aromatic low-ash hops on beer quality indicators

No Value of | Content in . Degree of
e 3 Fraction A <

beer beer, mg/dm Index of for Lundin deposition

of bitter, polymerization 100 l, (NH,),SO,,

variant | for gMS | PF | AA mgTom ml/10 ml
1 20,0 120,1 | 29,3 4,1 16,0 1,0
2 21,0 132,3 | 33,1 4,0 15,4 1,1
3 22,5 146,2 | 38,5 3,8 14,2 1,2
4 243 163,1 | 46,6 3,5 12,8 1,6
5 26,0 183,2 | 57,3 3,2 12,2 1,7
6 28,0 208,6 | 72,0 2,9 11,9 1,7

The table shows that increasing the dose of low-ash hop increases bitterness of wort
and beer. This increase is due to the participation in its creation not only of alpha acids
extract and hop and B-fractions of low-ash hops.

There is an increase of made polyphenols in wort and identified them in wort and beer.
It should be noted that polyphenols of hope are more polymerized than malt phenols. And
thus the rate of polymerization index in the manufacture of beer significantly increased
from 2.9 to 4.1 with increase in the proportion of carbon dioxide hop extract. They also
have more intensive interaction with wort proteins with creation of insoluble complexes
that have a positive effect on the colloidal stability of beer.

Proantotsianidiny is most active compounds relative to the formation of polyphenol-
protein complexes. Therefore, in case of a more hop preparations produced significantly
more scrap at ohmelinni must and it is better illuminated. This is observed in our study with
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only carbon dioxide hopping wort extract, hops extract and low-ash in different ratios and
one low-ash hops. It produces a little hop scrap in case of hopping of wort only with extract
without polyphenol, a little more than it produced in the second variant. We have seen that
the 3 and 4th variants was significantly increased the amount of sediment. Most of it was 5
or 6th variants. But in these versions were the largest loss wort.

With increasing doses of hops low-ash reduced in the wort and beer of high rate
increases the degree of polypeptides and proteins deposition saturated solution of
ammonium sulfate that predicts high colloidal stability of beer.

The results of the tasting evaluation of the best by taste and aromatic qualities was
beer produced using 40% low-ash bitterness of hops and 60% of bitterness due to CO,-
extract, and conversely. Compounds of low-ash hop positively affect the crude extract
bitterness, softening and smoothing it, making a total bitter beer balanced.

Beer brewed only with CO,-extract had rough, naked and residual bitterness. The
reason for the poor quality of bitterness is bitter hop sorts, of which are produced CO,-
extracts and their lack of polyphenolic compounds. Beer at the stage of maturation doesn’t
illuminate. Was remained a significant number of high polypeptides due to lack of hop PF
in the wort and it caused distraction. Moreover, an excess of high-protein, remaining in
wort interacts with bitter substances of hops and reduces the extent of their use. Also
complexes of bitter substances with proteins give beer a characteristic of unpleasant
residual bitterness.

Quality bitter of beer was improved which along with CO,-extract used 20% bitterness
of low-ash hops.

Sth and especially 6th version of beer, which used only low-ash for hopping had little
astringent taste character for excessive amounts of hop polyphenols.

Obtained results testify that the formation of a full taste involved not only the bitter
substances, but polyphenols, but not alone, but in conjunction with bitter substances,
proteins and other specific compounds hops and wort.

Analysis of experimental brewing beer conducted by us show that polyphenols of low-
ash aromatic hops contribute to the removal from the wart by coagulation macromolecular
polypeptides to form complex systems, as a result we get higher colloidal stability of beer
and the increased reliance on bitter substances by 15-20 %. Polyphenols of low-ash
aromatic hops positively affect for gross bitterness CO,- extract, softening and smoothing
it, making a total bitter beer balanced.

Thus, low-ash hops in brewing can be used as an polyphenolic additive combined by
extracts, processed it into pellets, which will cost significantly lower compared to
conventional hop granules.

Technical and economic analysis shows that the use of polyphenol supplements low-
ash aromatic hops in combination with CO,-extracts in optimal conditions not only
increases the quality of beer, as well as an effective means for the prevention of colloidal
turbidity without using of stabilizing agents, reduces its costs and improves
competitiveness.

Conclusions

1. Experimentally proved that the formation of flavor and aroma of beer mutually
dependent for complex bitter core, essential and phenolic compounds hop.

2. Aroma of hop with a low content of alpha acids can be used in brewing as polyphenol
supplement, if it was converted into granules and meets standards for all other indicators.
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3. When we used in brewing only CO,-extract is not possible to get a beer with high taste.
It should be used in combination with aromatic or with aromatic low-ash hops,
considering the quantitative and qualitative composition hops and following certain
technology of beer.

—
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15.
16.

17.
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Introduction. Searching for the new product compositions is
important for metabolic disorders correction. Onion contains
flavonoid quercetin with antioxidant and cardioprotective effect.

Materials and methods. Meat product with an onion skin extract
or quercetin at equal dose 2,25 mg of quercetin daily was used for
animals feeding. Six—month-old spontaneous hypertensive rats
(SHR) with fructose overload in drinking water (25%) were used to
promote metabolic disorders. After 3 months of feeding glucose was
measured in arterial blood by glucose sensors based on
amperometric measurement. Plasma lipid profile was determined by
an enzymatic colorimetric reaction.

Results and discussion. Blood glucose in SHR without diet
interventions (group II) was 59% higher than in control (8.84+0.3
mmol/l vs 5.56+0.86 mmol/l, P<0.01). Fructose overload in SHR
(group III) increased glucose level on 5% (9.3+£0.4 mmol/l, P>0.05
compared to SHR of group II drinking tap water). Quercetin added
to the meat product did not influence glucose concentration in SHR
on fructose overload (group IV) — 9.2+£0.8 mmol/1, P>0.05 compared
to SHR of groups II and III. In SHR on fructose overload receiving
meat product with onion skin extract (group V) blood glucose
tended to decrease — 8.0£1.0 mmol/l, P>0.05 compared to SHR of
group IIL

Total cholesterol tended to increase in SHR of group II compared
to control (1.36+0.10 vs 1.224+0.05 mmol/l, P>0.05). In SHR of
group III was significantly higher than in control (1.45+0.09 mmol/l,
P=0.03) but did not differ from SHR drinking tap water (1.45+0.09
vs 1.36+0.10, P>0.05). In groups IV and V total cholesterol was also
significantly higher than in control (1.52+0.07 and 1.57+0.09 vs
1.22+0.05 mmol/l, P=0.006 and P=0.005, respectively).

The rise of total cholesterol observed in the SHR of groups IV
and V was due to the increase of high-density lipoprotein (HDL)
cholesterol because non-HDL-cholesterol did not change in them. In
SHR supplemented by meat product with onion skin extract there
was a significant increase in HDL-cholesterol compared to SHR of
group II (1.25+0.09 vs 1.02+0.05, P = 0.03). An increase in HDL
cholesterol was also observed in SHR receiving meat product
containing purified quercetin powder compared to SHR of group II
(1.23+0.08 vs 1.02+0.05, P = 0.02).

Conclusions. Supplementation with the meat product containing
onion skin extract to SHR with fructose overload has a positive
effect on blood glucose. The increase of HDL-cholesterol in SHR
with fructose overload reflects anti-atherogenic effect of the
developed meat product.
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Introduction

Nowadays cardiovascular diseases (CVD) remains the important problem for health
care service all over the world. CVD are the leading cause of death globally, most occurred
in low and middle income countries [1]. High prevalence of CVD is supported by rising
amount of people with metabolic syndrome, consisting of obesity, arterial hypertension,
lipid and glucose disorders. According to WHO, CVD prevalence can be decreased by the
influence on diet and body weight among others factors [1]. So nutrition researches and
food industry need to search for the new product compositions to prevent and correct
metabolic disorders.

The most important and widely cultivated vegetable

is onion (Allium cepa L.). The onion world manufacture is about 55 billion ton per
year (Tina et al., 2016, Radga et al, 2016). This vegetable contains flavonoids with
antioxidant and cardioprotective effect. Of particular interest is yellow onion — the most
spread cultured onion in Ukraine.

At that, yellow onion contains the highest total amount of flavonoids among the other
onion varieties tested [2]. According to the researchers, flavonoids of this culture have high
content of quercetin (40000 mg/kg) [3].

Quercetin (3,3',4',5,7-pentahydroxyflavone) is a potent antioxidant, known for his anti-
inflammatory activity. This flavonoid possess wide range of positive effects, including
neuroprotective, cardioprotective and even life-span extending effects [4]. Quercetin
protects blood vessels from the damaging effects of oxidative stress, especially from lipid
peroxidation, decreases blood pressure, leads to lowering of LDL cholesterol and causes
cardioprotective effect. Results from human randomized controlled trials showed that
flavonol consumption, especially quercetin, improved biomarkers of CVD risk [5]. Dietary
supplementation with quercetin significantly reduced systolic blood pressure in overweight
subjects with a high CVD risk and decreased plasma oxidised LDL concentrations that
reflects cardioprotective effect of flavonoid [6]. According to meta-analyses quercetin
supplementation was associated with a positive effect on blood lipid profile. It was
observed in small but significant decrease in total cholesterol, LDL cholesterol and
triacylglycerol and significant increase in HDL cholesterol [5].

Animal studies have demonstrated as the anti-inflammatory effect of quercetin as its
possibility to modify blood lipid profile [7-9]. Quercetin was able to reduce liver injury in
the mice model of diet-induced steatohepatitis. Noteworthy, steatosis and steatohepatitis is
common liver injury in patients with metabolic syndrome. Given orally at dose 50 mg/kg
daily quercetin markedly suppressed lipoperoxidation in liver tissue, decreased profibrotic
and proinflammatory gene pathways in mice with steatohepatitis compared to control
group. According to investigators, attenuation of proinflammatory and profibrotic pathways
was due to anti-inflammatory effect of flavonoid [7]. It is known that liver function plays
the key role in lipid homeostasis. Supplementation with quercetin to a commercial chow
(0.08% of the diet) influenced lipid profile in leptin receptor-deficient db/db mice, which
has metabolic disorders associated with metabolic syndrome and type 2 diabetes. In this
experiment quercetin decreased plasma total cholesterol and increased HDL-cholesterol
compared with the control [8].

Different animal models are known for studying metabolic syndrome. One of them —
spontaneously hypertensive rats (SHR) with genetic predisposition to high blood pressure
and insulin resistance. This rat strain was chosen because arterial hypertension is prevalent
CVD in Ukraine and is one of key components of metabolic syndrome. To provoke
metabolic disorders in animals carbohydrate or fat overload is usually used [10-12]. We
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choose carbohydrate overload, according to modern nutritional pattern of Ukrainian people
with metabolic syndrome. The aim of our studying was to investigate the metabolic profile
in SHR kept at high-fructose diet under the supplementation with meat product containing
onion skin extract, rich source of quercetin.

Materials and methods
Investigated materials

A meat product with onion skin extract, a meat product with purified quercetin
powder, six—month-old rats with genetically determined hypertension under fructose
overload, blood glucose and lipid profile.

Description of the methods and facilities

Preparation of onion skin extract for meat product. For animal feeding meat
product with onion skin extract was used. The onion skin extract for the meat product was
prepared in this way: electro-activated water was bringing to its boiling, weighted onion
peel was added to boiling water in amount of 4 % and was boiled for 10 min and filtered.
Earlier the prepared onion skin extract was investigated and its quercetin content was
determined [18].

The obtained extract was evaporated to 10 times smaller volume and was added to the
meat product. Experimental animals received 1 gram of meat product with added 1,5 ml of
the onion skin extract containing 2,25 mg (0,00225 g) of quercetin per rat daily during three
months. In the prepared meat product the quercetin content was equal to 0,2% (or 7,5 mg
of quercetin per kg of rat body mass). Feeding these products to rats was performed orally.

Animals and experimental diet. For studying quercetin influence on metabolic profile
we used male SHR. This rat strain reveals genetic predisposition to metabolic disorders and
is one of proposed animal model for metabolic syndrome among others. As control were
taken male Wistar rats. Six—month-old rats were included in experiment. Animals were
housed at vivarium standard conditions 56 rats in a cage at 22—24°C and maintained on a
standard laboratory rat chow ad libitum.

Fructose overload in drinking water was used to promote metabolic disorders.
Fructose overload in experimental animals is associated with increased body mass, insulin
resistance, glucose and lipid metabolism disorders [10, 13-14]. High-fructose diet is also
used in SHR to develop metabolic syndrome [10, 15].

Rats were divided into 4 groups (5-6 rats per group). The first, control group (I) —
Wistar rats kept on the standard laboratory chow plus drinking tap water. The second (II) —
SHR kept on standard laboratory chow plus drinking tap water. The third (III) — SHR kept
on standard laboratory chow plus 25% fructose solution in drinking water [13]. The fourth
(IV) — SHR received meat product with pure 96% quercetin powder added (Merk,
Germany) and 25% fructose solution in drinking water. The fifth (V) — SHR received meat
product with onion skin extract added and 25% fructose solution in drinking water. All
series lasted for 3 months.

Sampling procedures. Animals were sacrificing by decapitation at the end of the
treatment after an overnight fasting and blood samples were immediately collected. Blood
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samples were centrifuged at 1,500g for 15 min to acquire plasma. Plasma samples were
stored at —70°C for further analysis.

Blood glucose. After sacrificing the rats glucose was measured in arterial blood by
using glucose sensors which worked on the basis of amperometric measurement after
enzymatic glucose oxidation (Accu-Chek Active, Roche, Germany) [16].

Lipid concentration in the plasma. Plasma triglycerides, total cholesterol, HDL-
cholesterol level were estimated using a commercially available test kit (Biosystems, Spain)
with an automated analyzer of an enzymatic colorimetric reaction Avtolab 18 (Mannhein
Boehringer, Germany) [17].

For total cholesterol measurement reagents and plasma were distributed on labeled test
tubes, mixed thoroughly and incubated for 5 minutes at 37 °C. The absorbance of the
standard and sample were measured by automated analyzer at 500 nm against the blank.
After that total cholesterol concentration was calculated.

For triglycerides measurement reagents and plasma were distributed on labeled test
tubes. The content of the tubes was thoroughly mixed and incubated at 37° C for 5 minutes.
The absorbance of the standard and sample were measured by automated analyzer at 500
nm against the blank and triglycerides concentration was calculated.

For HDL cholesterol measurement reagents and plasma were distributed on centrifuge
tubes, mixed thoroughly and left for 10 minutes. After that tubes were centrifuged at 4000
r.p.m. for 10 minutes. The supernatant was collected. The reagent, sample supernatant,
standard and distilled water were distributed on labeled test tubes, mixed thoroughly and
incubated for 10 minutes at 37 °C. The absorbance of the standard and sample were
measured by automated analyzer at 500 nm against the blank. After that HDL cholesterol
concentration was calculated using sample dilution factor.

Non-HDL cholesterol was calculated by formula: non-HDL cholesterol = total
cholesterol — HDL cholesterol.

Statistical analysis. Data presented as means and standard errors of the means. The
analysis was performed with the use of Statistica 6.0 software. The t-test for unpaired
samples was used for group comparisons. The results were considered significant with a P
value of less than 0.05.

Results and discussion

Arterial blood glucose in SHR of group II was 59% higher than in control (8.84+0.3
mmol/l versus 5.56+£0.86 mmol/l, P<0.01; Figure 1). Fructose overload in drinking water
increased glucose level on 5% in group III (9.3+£0.4 mmol/l, P>0.05 compared to group II).
Quercetin added to the meat product (group IV) did not influence glucose concentration in
rats with fructose overload — 9.2+0.8 mmol/l, P>0.05 compared to group II and group III.
Blood glucose in group V at the onion skin extract was 8.0+1.0 mmol/l, P>0.05 compared
to groups II - IV.

However supplementation with the meat product containing onion skin extract to rats
tended to decrease glucose level — in group V it was 14% lower compared to SHR of group
III, receiving standard chow and 25% fructose solution in drinking water. This corresponds
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to study by V. Brill et al., who found quercetin from onion skin extract did not decrease
glucose level in subjects with metabolic syndrome and hypertension [20].

10 *

mmol/l

I (control) ] ]] v \")

Group number

Figure 1. Blood glucose level in rats with the different diet interventions
* —significant difference versus control, P<0.05

On the other hand, fructose overload as 10% solution in drinking water for two months
in Wistar rats caused the rise of blood glucose [14]. SHR fed with commercial chocolate
bars for 12 weeks also revealed elevated glucose level compared to standard chow. These
rats have increased body weight due to caloric exceed. Also they showed higher insulin and
C-peptide level [12]. It is noteworthy that we had initially high glucose in the rats with
genetically determined hypertension. In these conditions dietary intervention with fructose
and the meat product may do not cause obvious changes in glucose metabolism. So we did
not receive an additional significant rise of blood glucose over initial level under the
fructose overload.

Comparing two rat strains, M. Oron-Herman et al. showed that sucrose
supplementation for 7 weeks failed to rise markedly glucose level in SHR. Authors noted
that SHR strain has initially impaired glucose tolerance and represents metabolic syndrome.
So it is hard to cause in them metabolic disorders progression to diet interventions
compared to other rat strain without hypertension. However sucrose overload caused
further elevation of blood pressure in SHR [11].

Weight gain in all groups did not differ during and at the end the study. This
corresponds to study by M. Oron-Herman et al., in which sucrose supplementation failed to
cause an obesity [11]. A. Zemancikova and J. Tordk also did not find an increase in body
weight of Wistar rats drinking 10% fructose solution for 8 weeks in spite of plasma glucose
rise [14].

Results of total cholesterol, triglycerides, HDL-cholesterol and non-HDL-cholesterol
are presented in the Table 1.
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Table 1
Lipid profile in rats with the different diet interventions

I 1I 111 v v

Control SHR SHR + SHR + SHR + fructose
n=6 n=5 fructose fructose overload
overload overload + onion skin
n=6 + quercetin extract
n=5 n=6

Total cholesterol,

1.2240.05|1.36+0.10| 1.45+0.09* 1.524+0.07* 1.57+£0.09*
mmol/l

Triglycerides,

0.64+0.03 [0.64+0.06| 0.65+0.05 0.66+0.10 0.65+0.07
mmol/l

HDL-cholesterol,

0.93+0.03 [1.02+0.05 | 1.09+0.05* | 1.23+0.08*% 1.2540.09%%
mmol/l

Non-HDL-
cholesterol, 0.29+0.05(0.34+0.05| 0.36+0.10 0.29+0.03 0.38+0.05
mmol/l

* —significant difference versus control, P<0.05;
& _ significant difference versus SHR (II group).

Total cholesterol tended to increase in SHR of group II compared to control (P>0.05).
In SHR with fructose overload it was also significantly higher than in control Wistar rats
(P=0.03) but do not differ from SHR drinking tap water. Our results are in accordance with
study by M. Oron-Herman et al. Earlier they found slightly elevated total cholesterol in
SHR fed either standard laboratory chow or sucrose without any difference between groups
[11]. In groups IV and V total cholesterol was also significantly higher than in control
(P=0.006 and P=0.005, respectively). The rise of total cholesterol observed in the different
SHR groups was due to the increase of HDL-cholesterol because non-HDL-cholesterol did
not change in them. HDL-cholesterol was increased in all groups with fructose overload
compared to control Wistar rats. In SHR on fructose overload and receiving meat product
with quercetin HDL-cholesterol was greater elevated compared to SHR drinking tap water
(P=0.02). The same increase was observed for group receiving the meat product with onion
skin extract compared to SHR of group II (P=0.03). Noteworthy, the SHR strain has a
genetic background of insulin resistance which usually is characterized by low HDL-
cholestrol [20]. The rise of HDL-cholesterol is positive phenomenon because of its
antiatherogenic effect. In this case we can see similar effect of purified quercetin powder
and onion skin extract added to the meat product.

Triglycerides did not differ in all experimental groups and control. M. Oron-Herman et
al. also showed that triglycerides did not change in SHR under sucrose supplementation
[11]. In contrary, J. Tordk et al. received increased triglycerides in Wistar rats and SHR
drinking water containing 10 % fructose for two month [15].

In above mentioned animal studies of carbohydrates overload for developing of
metabolic syndrome different lipid profile results can be in part explained by rat strain, type
of carbohydrates used and experiment design [12].

Literature data conserning the quercetin effect on lipid profile are a little bit
contradictory. In human studies quercetin supplementation did not influence lipid profile in
the subjects with metabolic syndrome and pre-hypertension or stage I hypertension despite
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of lowering of blood pressure in patients with hypertension. Authors did not find significant
differences between quercetin supplemented group and placebo group in serum total
cholesterol, LDL-cholesterol, HDL-cholesterol and tryacilglycerol levels [19]. In study by
S. Egert et al. the decrease of oxidized LDL-cholesterol consentration was shown, but
serum HDL-cholesterol and LDL-cholesterol levels remained unchanged [6]. Consistent
with the our findings, increased HDL-cholesterol was also reported by K.H. Lee et al. in
healthy male smokers supplemented with quercetine from onion peel [21].

Thus, our data indicate that dietary intervention with the onion skin extract rich in
quercetin at dose 7,5 mg/kg may have positive influence on glucose and lipid profile.

Furthermore, our data showed non toxic effect of suggested meet supplement with
onion skin extract that might be introduced for the development of new food product with
hypoglycemic properties and modulating lipid metabolism. Further studies are needed to
investigate the effect of supplementation with the meat product containing onion skin
extract on more wide range of metabolic risk factors.

Conclusions

1. Supplementation with the meat product containing onion skin extract to SHR at dose
2,25 mg (0,00225 g) of quercetin daily is safe.

2. Supplementation with the meat product containing onion skin extract tended to
decrease glucose level in SHR on fructose overload

3. There was a positive effect of the meat product containing either purified quercetin
powder or onion skin extract on HDL-cholesterol in SHR with fructose overload. Rise
of HDL-cholesterol reflects better anti-atherogenic effect of the developed meat
product.
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Introduction. The purpose of this article is to study the
impact of technological factors (temperature, sugar, citric acid)
on the model system "Wheat starch-Surfactant”, which is the
basic foundation for the realization of mousses technology
using wheat starch.

Materials and methods. The viscosity of the model
systems "Wheat starch-Tween 20 (E432)" with white sugar and
citric acid under the temperature influence was measured on a
rotary viscometer of VPN-0.2 type.

Results and discussion. The literature contains enough
information about the progress of gelatinization process of
different types of starches and the impact of various factors,
including surfactants, acids, salts, sugar and others on it,
however data about the impact of these substances on "Wheat
starch-Tween 20 (E432)" system are absent.

Understanding changes in the properties of "Wheat starch-
Tween 20 (E432)" system under the influence of various
technological factors will allow to create the scientific base for
the implementation of technology of new products with foamy
structure.

The studies confirmed the feasibility of using Tween 20
(E432) with wheat starch as structure-maker of system, which
will provide the necessary viscosity at the expense of
dynamical phase transitions at heat treatment. The presence of
Tween 20 (E432) in the system enhances the starch
gelatinization temperature and decreases the viscosity values at
the beginning of the process, providing conditions for foaming.

Adding of white sugar and citric acid inhibits the viscosity
growth in the temperature range of 60—65 °C, the further
temperature increase promotes the increase of indicators.

Thus, "Wheat starch-Tween 20 (E432)" model system
rational parameters that will provide the optimal viscosity,
which is necessary to obtain high indicators of the foaming
capacity during whipping, are Tween 20 (E432) concentration
— 0.25 %, wheat starch concentration — 6—12 %, white sugar
concentration — 10.0 %, whipping temperature — 60—65 °C.
These options will allow to obtain mousses using wheat starch
and Tween 20 (E432) with new consumer characteristics by the
realization of functional properties of wheat starch and
surfactant.

Conclusions. The rational parameters of heat treatment of
model systems using wheat starch and Tween 20 (E432) in
order to provide the lowest viscosity indicators that will
promote the maximal foaming capacity and will allow to
realize the mousses technology were defined and substantiated.
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Introduction

Modern food production conditions increasingly require from manufacturers to
improve the technology of food production and to refine consumer characteristics and
dictate trends of new technologies development to the scientists.

The monitoring of the food market shows that the most popular among consumers are
sweet dishes, which are dispersed systems containing respectively at least two phases —
dispersed phase and dispersion medium.

The most common representatives of this group are sweet dishes with gel- (jelly-) like
and foamy (mousses, sambucas, creams, souffles) structures that are multicomponent mixed
dispersed systems i.e. both foam and emulsion or emulsion and suspension with the
possible priority of one of system types.

It is known that for foamy structure obtaining usually poultry eggs or gelatin is used,
while starch in the composition of desserts serves as a thickener. The most often used are
the starches whose properties are changed by various factors (pregelatinized, cold-swelling
et al.), that promotes to more rapid progress of technological processes and formation of
food systems with predetermined viscosity characteristics. In the scientific literature there is
no information about the starches using in recipes of sweet dishes with foamy structure.

In view of analytical researches and innovative idea of the new products we have
defined the innovative strategy of mousses technology development, which is to regulate
the dynamic phase transitions of native wheat starch together with surfactant, as which
Tween 20 (polyoxyethylene (20) sorbitan monolaurate, E432) was elected [1].

At the first stage of the technology implementation we obtained a model system
"Wheat starch-Tween 20 (E432)", which was characterized by high levels of foaming
ability (FA) at 60 °C, but thermodynamically unstable in time. In order to stabilize the foam
system it is proposed its further heating up to 85+2 °C, that will result in gelatinization of
the rest of starch achieving the effect of concentration stabilization of the foam by injection
of additional heat and mechanical energy [2].

It is known [3] that the structure of disperse systems is determined by:

— properties of the dispersed phase particles;

— properties of dispersion medium;

— interaction between the particles of the dispersed phase and the dispersion medium;

— interaction of the dispersed phase particles with each other.

The properties of the dispersed phase and dispersion medium and their interaction
together characterize inherent for food products structural-mechanical properties, one of
which is viscosity.

Viscosity is the body's ability to resist relative displacement of its layers. For non-
Newtonian (abnormally viscous) fluids, the viscosity is variable value that depends on shear
stress and velocity gradient.

Published data indicate that many scientists devoted their researches to studying of
behavior of different types of native starches, such as changes in viscosity depending on the
processing temperature and the presence of other components in system such as surfactants,
sugar, acid, salt and others.

It is known that the presence of chemical substances affects the nature of gelatinization.
Some salts are capable to destruct the hydrogen bonds, what promotes the gelatinization
start (Leanch, Lindqvist) [4, 5], while others inhibit it and act as salting-out agents (Ganz,
Lindqgvist) [5]. Sugar is known as a substance that is capable to slow down the
gelatinization process by inhibiting of the starch granules swelling in water systems
(D'Appolonia, Bean and Yamazaki, Savage and Osman, Wootton and Bamunuarachchi)
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[5]; some lipids form complexes with amylose, thereby changing the gelatinization nature
(Collison and Elton, Osman, Ito, Ghiasi) [5].

Other researchers note that adsorbing on the surface of the starch granules surfactants
can reduce the viscosity and the swelling ability [6, 7]. Azizi and Rao [8] studied the effect
of such surfactants as sodium stearoyl-2-laktylat (SSL, anionic surfactant, HLB=10—12),
diacetyl tartaric acid esters of monoglycerides (DATEM, anionic surfactant, HLB=8-10),
glycerol monostearate (GMS, nonionic surfactant, HLB=3-4), distilled glycerol
monostearate (DGMS, nonionic surfactant, HLB=3—4) and noted that the injection of these
surfactants increases the gelatinization temperature and decreases the peak viscosity, but its
growth was noticed during cooling especially for SSL.

Lehrman [9, 10] indicates that the interaction between starch and surfactant depends on
the surfactant adsorption on the surface of the starch granules. His further research showed
that surfactants form insoluble compounds with amylose. Some surfactants form complexes
with amylose and influence on the process of starch gelatinization. Krog [10], who noticed
the ability of some emulsifiers to form complexes with amylose, found that distilled
monoglycerides (DMG) have the best ability to form complexes among nonionic
surfactants; sodium stearoyl laktylat (SSL) and calcium stearoyl laktylat were the best
among ionic. These differences turned out to be associated with the length of hydrocarbon
chains, the number of hydrocarbon chains in molecules and the structure of hydrophilic
residues. Krog and Nybo-Jensen [9-11] showed that the ability of monoglycerides to form
complexes with amylose depends on the physical form of surfactant.

It is known that the addition of surfactant reduces maximal viscosity with the
increasing of initial and maximal gelatinization temperature. For sucrose esters [12] such
behavior is explained by the formation of a combination of emulsifier-starch by the
interaction of hydrophilic groups that form hydrogen bonds. Esters also can penetrate inside
the amylose spiral structure and unite in supramolecular structures with hydrophobic bonds,
reducing the hollow amylose structure. As a result the dissolution rate of starch increases
and viscosity decreases. Thus results of many researches show that different in character
surfactants differently interact and affect the starch during the heat treatment.

Sugar is one of the main components of desserts recipes, which affects the viscosity of
starch suspensions during heat treatment [13, 14]. Fasihuddin and Williams studied the
effect of sugar on sago starch and found that it increases the gelatinization temperature and
the starch swelling increases to 25.0 % in the presence of sugar. Al-Malah, Azzam and
Abu-Jdail determined a similar pattern for wheat starch at the presence of glucose to 6.0 %.
Thus the addition of sugar to starch suspensions promotes the increase of temperature of
viscosity growth start (initial gelatinization temperature), increasing the maximal system
viscosity.

The basis for many sweet dishes is fruit raw material, which contains organic acids
(citric, malic, lactic, etc.) in its composition. Also organic acids are specially added as an
acidity regulator, antimicrobial, aromatic or preserving substances [15]. Despite the
importance and prevalence of the interaction between organic acids and starch, information
about them is limited. Most researches are devoted to the study of the process of starch
hydrolysis under the influence of acids at high temperatures.

Summing up the above we can say that in the literature there is information about the
impact of certain surfactants, acids, salts, sugars on the different kinds of native starches,
but there is no data about the effect of these substances on "Wheat starch-surfactant
(E432)" system. Since the scientific substantiation of mousses technology using Tween 20
(E432) as a foaming agent and wheat starch as structurant oversees the understanding of
changes in functional and technological properties of starch during the technological
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process, the investigation of influence of different technological factors on the
aforementioned model system will allow to create a scientific basis for new products
technology implementation.

Materials and methods

The research materials were such model systems:

— Tween 20 (E432) and wheat starch aqueous solutions;

— Tween 20 (E432), wheat starch and white sugar aqueous solutions;

— Tween 20 (E432), wheat starch and citric acid aqueous solutions;

— Tween 20 (E432), wheat starch, white sugar and citric acid aqueous solutions, that
were obtained by the combination of components with distilled water.

Determination of the effective viscosity was carried out on a rotary viscometer of VPN-
0.2 type [16]. Electric structural scheme of viscometer is shown on Figure 1.
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Figure 1. Electric structural scheme of viscometer VPN-0.2M
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For the determination of the effective viscosity samples were prepared as follows: at
the temperature 20 °C the components of the model system and distilled water were put
together and heated with constant stirring in a water bath to 60 °C. Heated sample was
transferred to the measuring unit of VPN-0.2, which was previously set in a thermostat at
60 °C, and left for (5—7)-60 seconds to restore the temperature then measurements were
performed. After the reading of results the temperature in the thermostat was increased at 5
°C and after reaching the set temperature the device values were read again. Heating was
carried out with stirring.

For measurements at VPN-0.2 the prepared sample was loaded into a measuring unit
(50-10° m®). Gradually increasing the voltage by a handle "Setting the voltage" rotation
period was picked so that the viscosity values for samples were calculated at the same
values of shear rate. For the fixed voltage value five values of the rotation period were read,
excluding serious mistakes the average was found. For the obtained values of the rotation
period voltage values in volts were noted and its average was found.

Dynamic or effective viscosity (7, Pa's) was determined by the formula 1:

n=kU-T-A4 (1)

where k — constant of measuring unit, Pa/V;
U — voltage, V;
T — rotation period, s;
A — measuring unit shape coefficient.

The shear rate (7 , s”') was determined by the formula 2:

V= 2

1
T-A
To compare the viscosity of two or more samples the viscosity with the same shear rate

in the field of minimal viscosity of the destroyed structure that was 320 s was compared.

Results and discussion

Within the framework of innovative idea realization the aim of the study was to
determine the influence of white sugar and citric acid as mousses recipe components on
wheat starch in the presence of Tween 20 (E432) with heating (at temperatures above 60
°C). Wheat starch concentration in model systems was 8.0 %.

Firstly the impact of Tween 20 (E432) concentration at the viscosity of wheat starch
suspension at different processing temperatures was determined (Figure 2). It is known
from the literature sources that gelatinization temperature of wheat starch lays within the
range 60 °C (initial)...80 °C (final), and the pasteurization temperature, which provides
microbiological purity and stability is 90+2 °C, so exactly in this temperature range studies
were carried out.

It can be seen from Figure 2 that the presence of chosen surfactant in the system
reduces viscosity values of starch suspension in 2—2.7 times for a system containing Tween
20 (E432) at 0.3 % concentration and slows the beginning of viscosity growth at the
temperature range 60-70 °C, i.e increases the wheat starch gelatinization temperature.
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Since the viscosity of starch systems did not differ with adding Tween 20 (E432) at
concentrations of 0.2 % and 0.3 % at the temperatures 60-70 °C, and at 90 °C the
difference was only 0.14-107 Pa-s, so for further studies 0.25% Tween 20 (E432) was
elected as a working concentration.
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Figure 2. Changes of the effective viscosity of wheat starch suspensions
depending on the treatment temperature at the concentration of Tween 20 (E432):
Im—-0;20-0.1; 3A-0.2; 40-0.3

In order to adapt the chosen model system to real technological conditions of
production of sweet dishes, the influence of white sugar and citric acid on the viscosity
values of "Wheat starch-Tween 20 (E432)" model system was studied.

Literature data indicate that sugar concentration in sweet dishes varies from 5.0 to 20.0
%, that provides good consumer characteristics. Known, that sugar has the structure-
forming ability based on the property of sucrose solution to change system viscosity
gradually at the temperature changes, while not altering the phase state.

With adding white sugar to "Wheat starch-Tween 20 (E432)" model system in the
temperature range 65—70 °C viscosity increase was observed in 2—2.3 times in the presence
of 5.0-10.0 % of sugar content and 3.4 times in the presence of 20.0% of sugar content
(Figure 3). Viscosity values were (0.23-0.3)-107 Pa-s at 65 °C and (0.52-0.59)-10° Pas
and 0.87-107 Pa's at 70 °C respectively. It should be noted that a further viscosity increase
was observed at temperatures of 85...90 °C.

The obtained results (Figure 3) indicate that established by scientists patterns of the
impact of sugar on the starch suspension at the heat treatment, as gelatinization temperature
increase and maximal viscosity increase are also characteristic for the "Wheat starch-Tween
20 (E432)" system. For sugar content 20.0% the largest values of effective viscosity were
observed ranging from 66 °C (at 70 °C the viscosity was 0.87-107 Pa-s, and at 90 °C —
2.4-107 Pa-s, whereas the system’s viscosity without sugar was 0.26-10 and 1.6:10° Pa-s
respectively). Obviously, at the gelatinization beginning sucrose delays the starch grains
swelling in aqueous suspension by the increased dry matter content, what inhibits the
beginning of viscosity growth at the temperature range 60...65 °C.
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Figure 3. Changes of the effective viscosity of ""Wheat starch — Tween 20 (E432)" model
systems depending on the treatment temperature at the white sugar concentrations, %:
10— 0; 2A —5.0; 30— 10.0; 40 —20.0

Based on the viscosity values and organoleptic characteristics of new products the most
appropriate concentration of white sugar in the system was chosen 10.0 %.

Thus in the desserts recipes fruit or vegetable raw material, which is characterized by
certain pH, is used, we have modeled a food system in which the properties of the raw
material were performed by citric acid.

The citric acid content was varied in the range of 0—1.0 %, which was elected in
recalculation of pH of fruit raw material which is provided in the mousses recipe
composition. The results of the citric acid impact on the viscosity of "Wheat starch-Tween
20 (E432)" model system are represented in Figure 4.

The results of determination of the effective viscosity of "Wheat starch-Tween 20
(E432)" model systems in the presence of citric acid showed a slight increase in values that
was observed at the temperature 65+2 °C. So at 70 °C values have doubled, maintaining
this trend to 85+2 °C. At the temperature 90 °C the largest viscosity characterizes model
system with a 0.5 % concentration of acid, value of which amounted 5.1-10° Pa-s, while
the viscosity of a system without acid was 1.6-107 Pa-s.

For the detection of joint influence of white sugar and citric acid on model systems the
viscosity values at 10.0 % of white sugar and 0-1.0 % of citric acid content were
determined (Figure 5).
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Figure 4. Changes of the effective viscosity of ""Wheat starch — Tween 20 (E432)" model systems

depending on the treatment temperature at the concentration of citric acid, %:
10-0; 2A-0.5; 30-1.0
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Figure 5. Changes of the effective viscosity of ""Wheat starch — Tween 20 (E432) — white sugar"
model systems depending on the treatment temperature at the concentration of citric acid, %:
10-0; 2A-0.5; 30 - 1.0

The Figure 5 shows that the presence of citric acid in "Wheat starch-Tween 20 (E432)-
white sugar" model system promotes the viscosity values increase beginning from 70 °C,
and at 90 °C they are 7.4-107 and 7.9-107 Pa-s for systems containing 0.5 and 1.0 % of
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citric acid respectively, whereas the viscosity of systems without acid is 2.1:107 Pa-s. The
viscosity values of the investigated systems in the temperature range 60—70 °C almost does
not depend on the content of citric acid and are at the level of values of "Wheat starch-
Tween 20 (E432)" model system, that contains 10.0 % of sugar (=0.3-107 Pa-s).

Conclusions

The obtained results testify that the presence of surfactant in "Wheat starch-Tween 20
(E432)" model system under the temperature impact promotes the decrease of the viscosity
values of the system compared to starch suspension that doesn’t contain E432.

We can assume that at the time of the addition of Tween 20 (E432) to the starch
suspension its distribution on the surface of wheat starch grains (adsorption) takes place,
which conduces to impeding of the water penetration to the starch grains and the decrease
of viscosity. That is, the inhibition of swelling of starch grains in water systems occurs, that
results in a shift of the initial gelatinization temperature toward larger values.

It should be noted that the presence of sugar and citric acid in a model system promotes
the increase of the viscosity values that does not contradict scientific literature data. The
important point is practically constant viscosity values in the temperature range 60—70 °C,
that allows to implement an innovative idea.
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Introduction. The purpose of this publication is to search
for alternative materials — food industry wastes; valuation of
it’s use in the production of porous carbon materials (PCM) for
use in water treatment systems.

Materials and methods. Pyrolyzed wood waste (PWW) of
the meat processing industry as raw material for the production
of sorbents. Chemical activation of PWW by orthophosphoric
acid. Using the adsorption-desorption methods of nitrogen, the
porous structure was determined at 77 K; mesopore
distribution by size and mesopore’s volume — by BJH-method;
distribution of micropores by size — using QSDFT-method;
volume of micropores — by Dubinin-Radushkevich method;
subnanopor’s volume — by QSDFT-method.

Results and discussion. The microporous structure has the
following characteristics: pore diameters are in the range of
D,,=0,60-2,5 nm, mostly represented by pores with a dlameter
of 0,87; 1 56 nm; volume of micropores — V= 0091 cm /g,
differential pore volume dV,,/dD=(0,021-0,166)-107 cm’/g;
micropores are about 49% of the total pore volume. According
to the breakdown of micropores by size we can identify the
range of values of D,,;=0,5-2,5 nm with two peaks: at ~ 0,9 nm
and at ~ 1,6 nm. Mesoporous structure has the following
characteristics: pore diameters are in the range of D,,.=3,3-50,0
nm, most represented pores are with a diameter of 3,69 nm;
mesopore’s volume varies in the range of 7V,,=0,005-0,049
cmS/g, pore surface area is S,,.~= 5 7-28,0 mz/g, differential pore
volume: dV,,/dD=(0,06-2,58)-10™ cmz/g, differential pore area:
ds,,»/dD=(0,001-0,305) m7/g; fraction of mesopores in the total
pore volume is 3-26%. Curves of pore’s differential volume and
differential area of pore’s surface at the interval of D=15,3-50,0
nm are located at the static area. Maximum located at the area of
the smaller pore S dlameter at the differential pore volume
dV,,/dD=2,58-10" cm’/g is observed at the point of 3,69 nm at
the mterval D=2,5-15,3 nm. The most number of mesopores
located at the range of D=2,5-15,3 nm. The cited data shows that
the proposed method allows to get PCM with a high output of
87 6%. The obtamed PCM has a low rate of specific surface are

17_257 ,0 m%/g and pore space. Total pore volume is ¥5=0,187

2

Conclusion. An energy-saving method is proposed for the
production of PCM from secondary «renewable» resources —
PWW, for use in water treatment systems.
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Introduction

Today it is known that organic matter of carbon-containing material consists of carbon
(96,0%), hydrogen (1,0-2,5%), nitrogen (0,3—1,5%), sulfur (0,0—1,0%).

The PCM is made of materials that forms a solid carbon residue [1-8]. These matherials
areas follows: wood — 36%, coal — 28%, brown coal — 14%, peat — 10% coconut shell — 10%
organic materials and waste — 2% (Figure 1) [1].

Brown coal ;
14%

Peat; 10%

Coconut
shell ; 10%

Organic
materials
and waste;

2%

Coal; 28%

Wood; 36%

Figure 1. PCM receiving characteristics

Only 2% of organic material and waste are used to produce PCM [1]. Therefore, there is
urgent need for an alternative materials. The search for these materials should involve existing
technologies of food industry. Wastes of these industries can be used to produce adsorbents [1-22].

Today are known two ways of getting PCM — with the chemical [1-6, 9, 12, 13, 15, 16, 19,
21, 22, 24, 26, 27] and physical activation [1, 15, 17, 21, 27]. Benefits of chemical activation are:
one-step process; low activation temperature; short activation time; large output; developed
surface; controlled microporosity is well developed [26]. The chemical activation involves usage
of activating agent (ZnCl, [4], H;PO, [2, 3, 9, 12, 16], NaOH [26], KOH [24, 26], et al.),
administered by impregnation, followed by carbonization of raw materials in the atmosphere or
inert gases and activation [27].

Today are known many ways of receiving of PCM (Yorgun, Yildiz, 2015; Kumar, Jena,
2017; Kucherenko et al, 2010; Lillo-Rodenas, 2003) [2, 4, 24, 26], such as (Pat. 61059
Ukraine): grinding carbon-containing material with (1-2)- 10~ m, mixing with KOH in solid form
in a weight ratio — 1:0,5-1:1, carbonization and activation at mode heatstroke at T=873—1073 K,
cleaning with water and drying.

This method of receiving of PCM (Pat. 61059 Ukraine) has the following disadvantages: raw
materials grinding has a high energy consumption; the small size of raw materials’ fractions — it
became charcoaled after carbonization and activation and evaporates with the gaseous
components; high temperature carbonization and activation of PCM; activation in a heatstroke
mode causes tearing of the structure and reduction of PCM shares; low rate of PCM release.

The most promising raw material for PCM — PWW is formed by pyrolysis of wood chips
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(Kuzmin, Shendrik, 2016) [1]. This includes: the stage of grinding materials is absent due to the
use of wood chips of PCM witht the size of Ixbxh=(6x12x3)-10° m; PCM fractional increases up
to 3,6:10°>d>1,0-10" m; temperature reduction of charcoal carbonization and activation up to
T=773-973 K; absence of heat stroke of activation due to carbonization at non-isothermal heating
and isothermal heating at activation; output increase of PCM ratio.

One of the promising activating agents is orthophosphoric acid (Yorgun, Yildiz, 2015;
Kwiatkowski et al, 2017; Ould-Idriss et al, 2011; Mahmood et al, 2017; Kumar, Jena, 2017)
[2, 3,9, 12, 16] with mass part (MP) H;PO,>85%, which is added to the carbonaceous material
and can withstand up to full impregnation, allowing acid to interact with organic and mineral
components, with the formation of water-soluble substances washed with PCM [2, 3, 16]. During
the interaction of organic acid and component of PWW produced are oxygen function and sulfate
formed pore space. Thus, the use of H;PO, allows to receive PCM with a low charcoal [9, 12].

Variation of MP activating agent in relation to PWW can affect the surface pores factor, yield
ratio of PCM, the volume of wastewater [23, 25, 28-34].

A mixture of raw material/agent during carbonization and activation undergoing non-
isothermal heating up to the activation temperature during the subsequent isothermal
aging. In the scope of PWW is the formation of thermal degradation of products of low
organic matter of PWW and PWW products of chemical reactions with acid takes place.
Their output forms the spatial framework of PWW within. This leads to the formation of
micropores and subnanopor and, consequently, increases the specific surface area and
pore volume of the total. This improves adsorption characteristics PCM (Shendrik et al,
2003; Kucherenko et al, 2010; Zubkova, 2011) [23-25]. Fractional composition
determined by PCM through MP residue on sieves with holes with a diameter of 3,6 mm,
1,0 mm and pallet.

It has been proved that PWW is an alternative carbon-containing raw material for PCM
(Kuzmin, Shendrik, 2016) [1].

The aim of this work is the search for alternative materials of available technology of food
industry. The wastes of which can be used for a production of PCM.

Materials and methods

Conditions for PCM production are presented at Table 1.

Obtained PWW is dried in the open air (7,=293-298 K; W;=67-82%; v,=1-2 m/s)
during 7,=(336-504)-60> s, followed by more drying at 7,=373-383 K up to air-dry state
with humidity of W,=4-8%.

An orthophosphoric acid with MP of H;PO, — 85% used as an activating agent for
impregnating PWW/acid in mass ratio (MR) 1:0,5-1:1. The received mixture withstands for
7,=(18-24)-60" s at T;=291-295 K and PWW dried to receive a constant weight of MP
moisture W;=4-8% at T,=373-383 K. Activation carried out in a stream of argon with a
volumetric flow — 0,<5,6:107 m*/s with drying bubbling after 96% in sulfuric acid under
non-isothermal heating 0,07 deg./s upto activation temperature 75=773-973 K and
isothermal aging for 7;=1-60” s at temperature activation and non-isothermal cooling — 0,1
deg./s in a stream of argon to a temperature 75 = 323 K.

The received PCM cleaned from activating agent with a usage of water for ©,=300—600 s
and dried at a temperature 7=373-383 K up to level of humidity W,=4-8% with the rate of
release of PCM Y,=80-90%, followed by fractioning with the help of MP residue on sieves
with holes: @3,6:10° m — MP<2,5%; 3,6:10°>d>1,0-10° m — MP>95,5%; d<1,0-10°> m —
MP§2,0‘%3) with the following selection of working faction on a sieve with holes 3,6:107>
d>1,0-10".
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Table 1
Terms of PCM
Symbol Characteristic Expe(;';rtr;ental Rationed data
T, The temperature drying in the open air, K 295 293-298
w, Relative humidity,% 74 67-82
7 Air traffic speed, m/s 1,5 1-2
7 PCM drying time outdoors, s 336-60° (336-504)- 60
T, Ehe temperature drying in the drying cabinet, 373 373383
w, MP moisture PWW,% 6,58 4-8
MP N;PO,,% 85 85
MR PWW/acid, kg/kg 1:1 1:0,5-1:1
o Time withstand PWW with acid, s 24-60° (18-24)-60
T; PWW holding temperature acid, K 294 291-295
T, Drying temperature, K 381 373-383
W; MP moisture PWW,% 6,02 4-8
0, The volumetric flow of argon, m’/s 5,6:107 <5,6:107
Non-isothermal heating, deg./s 0,07 <0,07
MP sulfuric acid,% 96 96
Ts Activation temperature, K 773 773-973
73 The time of activation, s 1-60? 1-60?
Non-isothermal cooling, deg./s 0,1 <0,1
Ts The final temperature after cooling PCM, K 323 <323
74 Time cleaning PCM from activating agent, s 600 300-600
T; Ehe temperature drying in the drying cabinet, 378 373383
w, MP moisture PCM,% 4,92 4-8
Y PCM yield ratio,% 87,6 80-90
MP remnant of PCM (%) in the sieve with
holes, m:
d>3,6:10° 57,6 MP<2,5
3,6:10°>d>1,0-10" 26,8 MP>95,5
d<1,0-107 15,6 MP<2,0
106 —— Ukrainian Food Journal. 2017. Volume 6. Issue 1
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Figure 2 shows the stages of PCM production; Figure 3 — general scheme of PCM
obtaining according to experimental data from Table 1.

Figure 2. Stage receiving PCM:
a — technological chips of oak large (6x12x3)-10° m; b — PWW with MP moisture W=43,01%;
¢ — PWW after drying of moisture MP W=6,58%; d — PCM to fractionation;
e — PCM after fractionation of d>3,6:10" m; f— PCM after fractionation of 3,6:10>>d>1,0-10" m;

g — PCM after fractionation of d<1,0-10 m
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Pyrolysis: T'5=633 K; t'5=7,13-60% s; m"=9,20-60~ kg/s

12

Wood chips: Ixbxh=(6x12x3)-10" m; MP remnant: d">30-107 m — MP=0,8 %;
30-107>d">20-10" m — MP=14,0 %; 20-107>d">10-10~ m — MP=80,0 %;
10:107>d">5-10" m — MP=4,9 %; d’<5-10” m — MP=0,3 %; W",=9.42 %:

W',=49,08 %

¥ v
R Liquid  and gaseous PWW:Y",=38.3 % W';=43.01 %
| substances: Y'1=61,7 % 2

Roasting smoke: T ;=343 K;
T ,=1-607s
v v
Smoky smoking: T1°,=323 K;
W'3=62 %; v =1 m/s; 17,=6,13-60" s

Drying PWW (Stage 1): T;=295 K;
W =74 %: vi=1,5 m/s; 1,=336-60%s

v

Drying PWW (Stage 2): T,;=373 K;
W>=6,58 %

.

Activating agent: MP H;POy4, — 85 %

Impregnation: MR PWW/acid — 1:1;
172460 s; T;=294 K

¥
Sulfuric acid: MP — 96% ™| Drying: T,=381 K; W3=6,02 %
v v
Drying of bubbling: non-isothermal Activation: Ts=773 K; 1:=1-60" s
heating 0,07 deg./s ¥

) Cooling: cooling non-isothermal
The inert gas (ar%on): Q,=5.6107 0,1 deg./s; Te=323 K
m/s ¥
Laundering: 7,=600 s
Fractionation WRP: d>3,6:107 m— v
MP=57,6%; 3,6:10°>d>1,0-10" m - ) Drying: T-=378 K; W,=4,92 %:
MP=26,8%: d<1,0-10" m — Y,=87,6 %

MP=15.6 %

Figure 3. The general scheme of PCM receiving as per experimental data

PWW dried for 1,=336:60> s outdoors (T=295 K; Wi=14%; vi=1,5 m/s), followed by
drying at the drying cabinet at 7,=373 K to air-dry state with MP moisture — #,=6,58%.
Phosphoric acid with MP H;PO, — 85% injected by impregnation of PWW — H;PO, and kept
for 7,=24-60° s at temperature 73=294 K and dried up to a moisture obtained at MP PWW
W=6,02% at T,=381 K. The volume of solution has been choosed to create MR PWW/acid —
1:1 kg/kg. Activation was performed in a vertical cylindrical tubular reactor made of steel, with
thickness of 3 mm, diameter of cylinder — 0,15 m, height — 0,3 m.
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The reactor was purged with argon volumetric flow of 0,=5,6:10" m’/s, drained
bubbling through concentrated sulfuric acid (96%). The heating of reactor’s furnace has
been switched on after 0,17-60° s after the start of argon input. The temperature mode of
process included a period of non-isothermal heating (0,07 deg./s) up to an activation
temperature, isothermal holding at this temperature for 7;=1-60° s and rapid cooling in a
stream of argon cooled at non-isothermal 0,1 deg./s to 75=323 K. The activation
temperature was 75=773 K when activated via H;PO,.

Samples of PCM activating agent washed with distilled water for 7,=600 s and dried at
T5=378 K to humidity W,=4,92% of the rate of release of PCM Y,=87,6%. Fractionation
PCM remnant of MP conducted on sieves with holes: d>3,6-10° — MP=57,6%; 3,6-10°
>d>1,0-107 — MP=26,8%; d<1,0-10~ (pallet) — MP=15,6% with the following collection
of working fractions on sieves of 3,6 mm and 1,00 mm MP — 84,4%.

Results and discussions

Characteristics of porous structure was determined on a basis of isotherms adsorption-
desorption of nitrogen at T=77 K in the range of relative pressure P/Py=0,00-1,00 (device
Quantachrome Autosorb 6B) (Figure 4).

140
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al
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80 =

60 | 5

40{

20

0¢ \
0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Relative pressure P/P0
—O6— Adsorption —8— Desorption
Figure 4. Isotherms of adsorption-desorption of nitrogen at PCM at T=77 K
The obtained isotherms of type II — according to Brunauer S. classification [28], per

multimolecular adsorption. Sorption hysteresis loop approaching the point of relative
pressure P/P;=0,4, indicating a predominance of micropores of meso- and macropores.
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Figure 5 shows the distribution of micropores by the size of sample.
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Figure 5. Distribution of micropores in size of the sample PCM — (pore diameter
dependence of the differential pore volume) by QSDFT-method

Table 2 presents the results of a study by BJH-method mesopores’ size distribution.
Figures 6—10 shows the distribution of mesopores (BJH-method) the size of the sample and
the corresponding volumes accumulated in these pores.

The microporous structure has the following characteristics: pore diameters are in the
range of D,,=0,60-2,5 nm, mostly represented with pores with a diameter of 0,87; 1,56 nm;
volume of micropores — V,,=0,091 cm3/g; differential pore volume dV,,/dD=(0,021—
0,166)-10” cm’/g; micropores fraction of the total pore volume is 49%.

As per allocation of micropores by size areas of values (Figure 5) D,,=0,5-2,5 nm
with two peaks: at ~ 0,9 nm and at ~ 1,6 nm can be identified.

Mesoporous structure has the following characteristics: pore diameters are in the
range of D,,,=3,3-50,0 nm, most represented pores with a diameter of 3,69 nm; mesopore
volume varies in the range of V,,,~=0,005-0,049 cm3/g; pore surface area — §,,.=5,7-28,0
m?/g; differential pore volume dV,,/dD=(0,06-2,58)-10* cm’/g; differential pore area
ds,,/dD=(0,001-0,305) m*/g; fraction of mesopores in the total pore volume is 3-26%
(Figure 6-10).

Curves of pore differential volume and pore differential surface area at the interval of
D=15,3-50,0 nm are in the static area. Maximum located in a smaller diameter pores at the
pore’s differential volume d¥,,/dD=2,58-10" cm’/g at the point of 3,69 nm at the interval
D=2,5-15,3 nm is observed. The most number of mesopores located at a range of D=2,5—
15,3 nm.
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Table 2
Distribution of mesopores’ size by BJH-method
Pore Pore Pore Pore Pore
diameter, | volume, | differential surface differential dV(lggr)’ ds(l‘igr)’
3 3 area, 2 cm’/g cm’/g
nm cm’/g | volume, cm’/g m’/g area, m’/g
3,30 0,005 0,0002510 5,73 0,304640 0,095 115,47
3,69 0,011 0,0002578 12,47 0,284850 0,108 118,59
4,14 0,016 0,0002060 17,21 0,210570 0,093 94,78
4,68 0,019 0,0001022 19,79 0,090060 0,054 46,98
5,36 0,021 0,0000731 21,81 0,056194 0,044 33,62
6,21 0,024 0,0000541 23,46 0,035971 0,038 24,87
7,33 0,026 0,0000402 24,84 0,022830 0,033 18,45
8,86 0,029 0,0000255 25,85 0,012418 0,025 11,71
11,24 0,031 0,0000168 26,69 0,006473 0,021 7,71
15,35 0,034 0,0000092 27,38 0,002531 0,017 4,18
27,94 0,048 0,0000061 28,01 0,001335 0,021 2,72
416,58 0,072 0,0000009 28,45 0,000008 0,025 0,24

0,06 0,00030

0,05 -
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— 0,00025
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Figure 6. Distribution of mesopores by size of the sample PCM — (pore diameter dependence of
pore volume and pore volume differential) by BJH-method
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Figure 8. Distribution of mesopores by size of the sample PCM — (pore diameter dependence of
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It was measured characteristics of PCM: Y — yield ratio of PCM (%); Spgr — pore
surface area (m%g); Vs — pore total volume (cm?/g); V,,, — macropore volume (cm>/g); Ve —
mesopore volume (cm*/g); V,,; — micropores volume (cm’/g).
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Figure 9. Distribution mesopores the size of the sample PCM — (pore diameter dependence of

surface area and pore dS(logr)) by the BJH-method
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Figure 10. Distribution of mesopores by size of the sample PCM — (pore volume of pore surface
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Terms of PCM and its characteristics are shown at Table 3.

Table 3
Terms of PCM and its characteristics
‘. Method PCM (Pat. 61059 Method of PCM
Characteristic . .
Ukraine) experimental data
Type of raw lignite PWW
Thc? terpperature 873 773
activation, K
Activating agent KOH H;PO,
MR raw/agent, kg/kg 1:1 1:1
Y, % 40,0 87,6
Sger, m/g 980,0 257,0
Vs, cm’/g 0,500 100% 0,187 100%
Ve, I/ 0,040 8% 0,047 25%
Ve, S/ 0,220 44% 0,049 26%
Vi, CI/g 0,240 48% 0,091 49%

Conclusions

An energy-saving method is proposed for the production of PCM from secondary
«renewable» resources — PWW.

The data show that the proposed method allows to get PCM with high yield of 87,6%
compared to the method of obtaining of PCM (Pat. 61059 Ukraine) — 40,0%. The PCM has
a low proportion surface Szz=257,0 m*/g with respect to PCM (Pat. 61059 Ukraine)
S5£=980,0 m*/g and pore space — total pore volume V5=0,187 cm’/g to ¥5=0,500 cm’/g.
Moreover, the ratio of micropores to the total volume of the two options for 49% and 48%
is unchanged, and the ratio of macropores in the experimental sample (25%), increased in
relation to the prototype (8%), and the ratio of mesopores in the experimental sample (26%
) reduced relative to the prototype (44%).

It can be concluded that the proposed method production of PCM from PWW,
produced when smoking foods, with further carbonization at non-isothermal heating and
activation at low temperature to 773-973 K in the presence H;PO,, lets to sorbents with a
high exit rate (yield) of 80—90% and fractional composition particle size 1,0-3,6 mm (more
84%). These PCM can used in water treatment systems for water cleaning from solids,
residual chlorine, organic compounds and odor and taste.
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Introduction. The objective of these investigations is to study
surface morphology of inclusion complexes between o- and f-
cyclodextrins and molecular iodine as well as determine chemical
stoichiometric ratio between these components in the formed
complexes.

Materials and methods. The host-guest complexes between o-
and B-cyclodextrins and iodine were synthesized according to the
procedures, given in literature sources.. Morphology of the surface of
the samples has investigated by use of scanning electronic microscope
JSM-6700F (JEOL, Japan). The platinum layer with 10 nm in depth
was preliminary placed on the samples. The samples were mounted
on SEM and irradiated with beam of electrons at 15 kV and probe
current 0,65 nA.

Results and discussion. The scanning electronic microscopy
(SEM) has been used in order to investigate morphology and
structural features of the obtained complexes. This method has widely
used in macromolecules analysis. It allows precise determination of
elemental content in the samples. The results of iodine content in
inclusion compounds with a- and B-cyclodextrins obtained from SEM
and iodimetrical titration methods are almost similar. It has found,
that iodine content in B-CD-I, complex within the range 16,7-16,9 %,
whereas a-CD-I, consisted 18,0—19,9% of active iodine. Some
differences were found in respect to the iodine content in a-CD-L,
obtained by two methods may related to the high water absorption on
the complex surface result in the drop of iodine content on the
surface. Experimental data of iodine content in the inclusion
complexes suggested that o- and B-cyclodextrins react with KI;
resulted in the host guest complex formation with the chemical
stoichiometric ratio value of 1:1. Analysis of surface morphology of
the cyclodextrin-iodine samples obtained from high resolution SEM
method revealed about coarse crystalline structures formation, which
is nontypical for organic polymeric compounds. Comparative studies
have revealed, that cyclodextrin: iodine ratio in the obtained
complexes is 1:1. It has been confirmed that one molecule of
cyclodextrin bound one molecule of iodine, forming host-guest
complex.

Conclusions. The complex p-cyclodextrin-I, was loss 9 % of
active iodine at the prolonged storage during 1 year at 4 °C. It was
shown, that iodine content in the o-CD-I, and B-CD-I, can be
estimated with use of relatively simple and quick method of
iodimetric titration, which is being important property of these
complexes for their further application in food technologies.
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Introduction

Cyclodextrins (CDs) are the cyclic oligosaccharides, composed from residues of o—D—
glucopyranoses, made during starch transformation by specific enzymes, for example
Bacillus macerans. Cyclodextrins belonging to ring molecules, which due to rigid
glycosidic bonds between glucopyranose units have a toroidal form. The most widely used
CDs are so called a-, B- and y-cyclodextrin, which consisted six, seven and eight glucose
units, respectively. Unique properties of cyclodextrins related to their ability of inclusion
complexes formation in which non-polar guest molecule substitute water molecules from
internal cavity of the host molecule which is leading to the complex formation [1,2]. The
most common chemical stoichiometric ratio between cyclodextrins and guest molecules is
1:1[1,3].

These complexes have been widely used in food technologies, particularly in oil-
soluble compounds protection sensible to the oxygen, light and high temperatures action as
well as improvement of vitamins solubility; taste and aroma stabilization of essential oils,
undesirable compounds removal, lipophilic compounds solubilization, as photostabilization
of light sensitive compounds, catalytic activity retention, protection from enzymatic
deterioration, unnecessary taste and aroma suppression, controlled release of some food
components e.t.c. CDs themselves can be recognized as non-digestible oligosaccharides
and, thus, their consumption can improve beneficial microflora in gastrointestinal tract.

We have earlier synthesized host-guest complex between B-cyclodextrin and molecular
iodine and applied this compounds as a food additive in boiled sausages formulation [4,5].
This compound can be considered as a promising iodophor, which able to increase iodine
status of humans. According with experimental data, regular consumption of these boiled
sausages by adult individuals resulted in significant improvement of their iodine status. The
sensory and microbiological characteristics of the boiled sausages made with CD-I,
inclusion and standard samples were similar so that this complex has no negative impact on
quality of the boiled sausages [4,6].

X-ray analysis suggests that iodine and cyclodextrins form linear polymer chain in
which one molecule of CD can bind more than one iodine molecule [7]. At the same time,
however, other authors indicated that CD and iodine react with the complex formation, in
which one molecule of B-cyclodextrin quench one molecule of iodine [8]. This
inconsistency in iodine content of CD-iodine complexes is substantial obstacle that
complicates wide application of CD-iodine complexes in food technologies and confuses
rapid iodine determination

The objective of these investigations is to study surface morphology of inclusion
complexes between a- and B-cyclodextrins and molecular iodine as well as determine
chemical stoichiometric ratio between these components in the formed complexes.

Materials and methods
Materials

I, a- and B-cyclodextrin, DMF, KI were offered from Sigma-Aldrich. Unless specific
notifications, all the chemicals were analytical reagent grade without further purification.
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Synthesis of -cyclodextrin-I, complex.

Synthesis of B-CD/I, complex was done according to synthesis procedure, described by
Wang and co-authors [8]. 3,8 g of KI and 0,38 g of I, (1,5 mM) were dissolved in 15 ml of
distilled water during 10 minutes resulted in KI; formation. Further, this solution was
dropped into 10 ml B-cyclodextrin solution (223 mg, 0,5 mM) in 50 ml conical flask. The
mixture was stirred during 5 h at 25 °C and then retained 10 h at 4 °C in order to fully
encapsulate iodine in B-CD. After storage, brown crystals of B-CD/I, were filtered and
washed KI solution in order to remove I, molecules from the filter cake and distilled water
which aid to get rid from both KI and B-CD. The final product was dried at vacuum during
4 h at 40 °C. The total preparative yield was 93 %.

Iodine content in the complex was determined by iodimetrical titration, described by
Wang and co-authors [8]. Sample of a- or B-CD/I, (0,2 g) was weighed precisely, when
placed in the 10 ml flask and 4 ml of DMF was added and stirred until complete
dissolution. When 140 ml of deionized water was added and titred by Na,S,0; standard
solution (0,01 M). Titration was continued until the solution turned out light yellow and
added 3 ml starch-iodine indicator and keep on titrating until solution became colorless.
Titration procedure was repeated thrice. The iodine content was calculated by formula:

1(%) =0,1269xC(Na,S,03)xV(Na,S,03)x100/m

The iodine content in the complex was 16,9+0,1 %, which corresponds equimolecular
ratio of B-CD and I, in the complex. Moreover, we determined melting point of B-CD/I, in
capillary tube, which was 76 °C. This value is in agreement with the data obtained by Wang
and co-auth [8].

a-CD/I, complex has synthesized by the same manner, taking to account that a-
cyclodextrin more soluble in aqueous solution than B-CD. The total preparative yield was
94,5 %.

Methods

The scanning electronic microscopy (SEM) has been used in order to investigate
morphology and structural features of the obtained complexes. This method has widely
used in determination of macromolecules analysis. It allows precise determination of
elemental content in the samples [9].

Morphology of the surface of the samples has investigated by use of scanning
electronic microscope JSM-6700F (JEOL, Japan). The samples were applied on metal slab,
and preliminary were coated with platinum layer with 10 nm in dept. The samples were
mounted on SEM and irradiated with beam of electrons at 15 kV and probe current 0,65
nA.

Results and discussion

The experimental data of iodine content in the complexes, obtained by several methods
was given in the table 1. According with these data molecular iodine is interacting with o-
or B-CD resulted in the host-guest complex formation with the ratiol:1.

These results are not agreed with the known X-ray diffraction assays, which indicates,
that B-cyclodextrin form with iodine inclusion complex B-CD-I;", whereas interaction
between a-cyclodextrin and iodine resulted with complex formation with total formula a-
CD-I5™ [6]. The authors suggested that polyiodide chain consists of discrete I, units, which
can be formulated as I, I3 ;. These units are shaped into Z-like structures. Furthermore, in
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the a-CD-Is~ complex, a-CD molecules are stacked together to form columns similar to
nanotubes, and Is~ ions are located in the columns and nearly linerly arranged in the

direction of columns [10].

Table 1
Iodine content (%) in cyclodextrin-iodine complexes
Complex SEM Titration
a-CD-I, 18,0£0,2 | 19,9+0,1
B-CD-I, 16,82+0,4 | 16,9+0,1
B-CD-I, (1 year storage) | 15,42+0,3 | 14,9+0,1

As it can be seen from the table 1, the results of iodine content in inclusion compounds
with a- and B-cyclodextrins obtained from SEM and iodimetrical titration methods are
almost similar. These evidences indicates both high reproducibility of complexes synthesis
procedure and precision of iodimetric titration method. However, some differences are
found in respect to the iodine content in a-CD-I,, obtained by two methods may related to
the high water absorption on the complex surface result in the drop of iodine content on the
surface. Surprisingly, the data of iodine content in the samples obtained from iodimetric
titration is close to the theoretically estimated on the basis of individual atomic weight.
Thus, experimental data of iodine content in the inclusion complexes suggested that a- and
B-cyclodextrins react with KlI; resulted in the host guest complex formation with the
chemical stoichiometric ratio value of 1:1. Interesting, that storage for 1 year at 4 °C,
indicates that B-CD-I, inclusion complex has lost a small amount of iodine, which can be
simply and accurately determined by iodimetric titration method (Table 1). Thus, the
complex has remained relatively stable during prolonged storage.

Table 2
Oxygen content (%) in cyclodextrin-iodine complexes
Complex Experimental | Theoretical
a-CD-I, 30,9+0,5 36,3
B-CD-I, 39,52+0,6 38,1
B-CD-I; (1 year storage) 38,7+0,5 38,1

The oxygen content in the samples of CDs and their complexes with iodine was
derived with the help of SEM method. As it can be seen from the table 2, these data close to
those theoretically calculated taking to account masses of the individual atoms constituting
the bonds in the molecules (table 2). It is known, that SEM method usually is not able to
give reliable data for mass content of atoms with relatively low atomic weight, like oxygen
or carbon. This was observed for the carbon content in the samples, whereas SEM method
provides good result for oxygen content in the samples. These findings are also indicated

120 —— Ukrainian Food Journal. 2017. Volume 6. Issue 1



—— Food Technology——

that iodine with the a- or B-CD will form 1:1 complex. Potassium is also present in the
complexes, mainly due to KI application at the complexes synthesis. The potassium content
in the samples varies within the range 0,8-1,48 % which is also confirmed stoichiometric
ratio of the complexes.

JSM-6700F 50KV X50  100um WD 80Om JSM-6700F X500 10pm WD 8.0mm

Figure 1. Scanning electronic microphotographs of the surfaces of a-CD (A) and B-CD (B) Left,
50xmagnification; a-CD (C) and -CD (D) Right, 500xmagnification

The changes in particle morphology that occurred during CDs synthesis are indicated
in the SEM study. The SEM microphotographs of a- and B-CD shown in Figure 1. These
images observation indicates the presence of some not fully transformed starch granules in
a very small amount. It is confirmed high level of starch transformation into CDs. As
illustrated in Figure2, CDs complexes with iodine existed in needle like crystals, whereas
a- and B-CD was observed as irregular “shrinked” crystals.
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Figure 2. Scanning electronic microphotographs of the surfaces of a-CD-I, (A) and B-CD-I, (B)
Left, 250xmagnification; a-CD-I, (C) and B-CD-I, (D) Right, 5000xmagnification

The changes in particle morphology that occurred during CDs synthesis are indicated
in the SEM study (Figures 1 and 2). The SEM microphotographs of a- and B-CD
complexes with iodine are almost similar as shown in Figure 2. It is appeared, that during
synthesis, original morphology of CDs almost fully disappeared and needle shaped crystals
with regular size were present.

The SEM microphotographs of CDs are similar to those obtained by Ikotun and coauth
[11]. Analysis of surface morphology of the cyclodextrin-iodine samples obtained from
high resolution SEM method revealed about coarse crystalline structures formation, which
is nontypical for organic polymeric compounds.

The mentioned above disparity between literature data and our experimental results
related to the iodine content in CD-I, inclusion complexes can be explained by intense
washing of synthesized crystals by KI aqueous solution. This is obviously resulted in
polyiodide chain disruption and incapsulated extrinsic molecular iodine washing out. In the
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other words, one molecule of a- or f-CD was binding a one molecule of iodine during
synthesis.

Probably, at the initial stage of complex formation, iodine molecule bind to the
molecule of cyclodextrin give rise to inclusion complex formation with stoichiometric ratio
1:1. Further, additional complexation may occur as a result of iodine interaction with the
1:1 complex.

Conclusions

Thus, comparative studies have revealed, that cyclodextrin: iodine ratio in the obtained
complexes is 1:1. Reproducibility of procedure of CD-I, synthesis has confirmed. These
complexes remain stable during storage for 1 year and lost approximately only 9 % of
iodine. It has shown, that iodine content in the a-CD-I, and f-CD-I, can be estimated with
use of relatively simple and quick method of iodimetric titration, which is being important
property of these complexes for their further application in food technologies.
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Introduction. Lactic acid bacteria produce various
compounds such as organic acids, diacetyl, hydrogen peroxide
and bacteriocin during lactic fermentations. All of these can
antagonize the growth of some spoilage and pathogenic
bacteria in foods.

Materials and methods. To determine the antimicrobial
activity of Lactobacillus plantarum D1 and Lactobacillus
plantarum D2 against Salmonella sp. and Salmonella abony
ATCC 6017, the method of co-culturing was applied. The
study was conducted under static conditions at 37+1 °C for 72
hours, taking samples at 0, 12, 24, 36, 48, 60 and 72 h and
monitoring the changes in the titratable acidity and the
concentration of viable cells of both the pathogens and the
Lactobacillus plantarum strains.

Results and discussion. In the single-strain cultivation of
each Lactobacillus plantarum strain and each Salmonella strain
high concentration of viable cells were achieved by the 24"
hour and it was maintained by the end of the culturing. In the
co-culturing of each Lactobacillus plantarum strain and each
Salmonella  strain, the Lactobacillus strain was not
significantly influenced by the presence of any of the
Salmonella strains. But the number of viable cells of the
pathogens was greatly reduced, the reduction being strain-
specific. In the co-culturing of each Lactobacillus plantarum
strain and Salmonella abony ATCC 6017, the concentration of
viable cells of the pathogen strain was reduced by the 60™ h. In
the co-culturing of each Lactobacillus plantarum strain and
Salmonella sp., the concentration of viable cells of the
pathogen strain was reduced by the 72" h. The observed
antimicrobial activity was due to a great extent to the
acidification of the medium because of the production and
accumulation of lactic and other oraganic acids.

Conclusions. The demonstrated antimicrobial activity is a
prerequisite for further research on the probiotic potential of
the two Lactobacillus plantarum strains for their inclusion in
the composition of probiotic preparations and starters for
probiotic functional foods.
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Introduction

Lactic acid bacteria play an important role in food fermentation processes. Raw foods
such as milk, fruits, vegetables or meat are often preserved by lactic acid fermentation.
These organisms produce various compounds such as organic acids, diacetyl, hydrogen
peroxide and bacteriocin during lactic fermentations. All of these can antagonize the growth
of some spoilage and pathogenic bacteria in foods [1, 2].

Most of the probiotic lactobacilli in human foods are supplied in highly concentrated
forms containing more than 10" cfu/ecm’. The ability of Lactobacillus strains to adhere to
the mucosal surfaces of the intestine and the subsequent long or short term colonization has
long been one of the most commonly encountered criteria for the selection of probiotic
strains [3, 4, 5].

Enteric disorders are one of the most important problems in the food industry, with
salmonellosis and colibacillosis regarded as the major bacterial diseases occurring in
human. Salmonella and Escherichia coli infections range from severe acute disease to mild
infections of a chronic nature [6].

The purpose of the present work was to study the antimicrobial activity of
Lactobacillus plantarum D1 and Lactobacillus plantarum D2 against the Gram-positive
pathogenic microorganisms Salmonella sp. (clinical isolate) and Salmonella abony ATCC
6017, that cause toxicoses and toxicoinfections.

Materials and methods
1. Microorganisms

Lactobacillus plantarum D1 and Lactobacillus plantarum D2, isolated from salad
dressings;

test pathogenic microorganisms Salmonella sp. (clinical isolate) and Salmonella abony
ATCC 6017.

2. Media

2.1. MRS - broth medium

Composition (g/dm’): peptone from casein — 10; yeast extract — 4; meat extract — 8;
glucose — 20; K,HPO, — 2; sodium acetate — 5; diammonium citrate — 2; MgSO,4 — 0.2;
MnSO, — 0.04; Tween 80-1 cm*/dm?; pH = 6.5. Sterilization — 15 minutes at 118 °C.

2.2. LAPTg10 — agar medium

Composition (g/dm?): peptone — 15; yeast extract — 10; tryptone — 10; glucose — 10;
Tween 80-1 cm’/dm’, agar — 15. pH=6.6 — 6.8. Sterilization — 20 minutes at 121 °C.

2.3. LBG - agar medium

Composition (g/dm®): tryptone — 10; yeast extract — 5; NaCl — 10; glucose — 10; agar
—15; pH =17,5. Sterilization — 20 minutes at 121 °C.

3. Determination of the antimicrobial activity against pathogenic microorganisms
— by co-culturing

To determine the antimicrobial activity of the studied lactobacilli strains against the
two pathogens a 48 hour cultural suspension of each Lactobacillus plantarum strain was
used. Separate cultivation of the two Lactobacillus plantarum and the two Salmonella
strains as well as co-culturing of each of the two Lactobacillus plantarum strains and each
Salmonella strain included in the study were conducted. For the examination of the co-
culturing, 0.5 cm® of the suspension of the Lactobacillus plantarum strain, 0.5 cm® of the
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suspension of the Salmonella strain and 9 cm® of culture medium (MRS-broth medium)
were mixed. In the control of each Lactobacillus plantarum strain and in the control of each
pathogen, 9.5 cm® of the MRS-broth medium were mixed with 0.5 cm® of the suspension of
the Lactobacillus plantarum strain or of the suspension of the Salmonella strain,
respectively. The study was conducted under static conditions in a thermostat at 37+1°C for
72 hours, taking samples at 0, 12, 24, 36, 48, 60 and 72 h and monitoring the changes in the
titratable acidity and the concentration of viable cells of both the pathogens and the
Lactobacillus plantarum strains. The determination of the number of viable cells was done
by the spread plate method on LAPTgl0-agar (for the enumeration of lactobacilli), on
LBG-agar (for the enumeration of pathogens). The titratable acidity was determined
according to a standard protocol [7].

Results and discussion

In the study of the antimicrobial activity of the two Lactobacillus plantarum against the
two Salmonella strains by the method of co-culturing, the dynamics of the change in the
number of viable cells of both the lactobacilli and the pathogens and in the titratable acidity
were monitored (Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7 and Fig. 8).
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Time, h
— —o- — Lactobacillus plantarum D1

—O— Lactobacillus plantarum D1 (Lactobacillus plantarum D1+Salmonella abony

ATCC 6017)
—a— Salmonella abony ATCC 6017 (Lactobacillus plantarum D1+Salmonella abony

ATCC 6017)
---B--- Salmonella abony ATCC 6017

Figure 1. Changes in the number of viable calls of Lactobacillus plantarum D1 and Salmonella
abony ATCC 6017 in single-strain culturing and in a mixed population at 37+1 °C
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In the single-strain cultivation of each Lactobacillus plantarum strain and each
Salmonella strain high concentration of viable cells were achieved by the 24™ hour and it
was maintained by the end of the culturing. In the co-culturing of each Lactobacillus
plantarum strain and each Salmonella strain, the Lactobacillus strain was not significantly
influenced by the presence of any of the Salmonella strains. But the number of viable cells
of the pathogens was greatly reduced, the reduction being strain-specific. The obtained
results were commesurable with the observations described in [9].

The Lactobacillus plantarum and Salmonella strains entered the stationary growth
phase at the 24™ h, reaching maximum concentration of viable cells — above 10"’cfu/cm’
(Fig. 1, Fig. 2, Fig. 5 and Fig. 6). Meanwhile the titratable acidity of the medium in the
culturing of both the two strains of lactobacilli reached 140°T (Fig. 3, Fig. 4, Fig. 7 and Fig.
8). A similar trend was established in the single-strain culture of the two Salmonella strains.
Therefore, Salmonella sp. Entered the stationary growth phase at the 12™ h, while
Salmonella abony ATCC 6017 entered it at the 24" h, reaching concentrations of viable
cells about 10"*cfu/cm’ (Fig. 1, Fig. 2, Fig. 5 and Fig. 6).
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---# - - Lactobacillus plantarum D2 Time, h

—0O—— Lactobacillus plantarum D2 (Lactobacillus plantarum D2+Salmonella abony

ATCC 6017)
—a— Salmonella abony ATCC 6017 (Lactobacillus plantarum D2+Salmonella

abony ATCC 6017)
---m-- Salmonella abony ATCC 6017

Figure 2. Changes in the number of viable calls of Lactobacillus plantarum D2 and Salmonella
abony ATCC 6017 in single-strain culturing and in a mixed population at 37+1 °C.
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In the co-culturing of each Lactobacillus plantarum strain and Salmonella abony
ATCC 6017, the concentration of viable cells of the pathogen strain was reduced by the 60"

h (Fig. 3 and Fig. 4).
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Figure 3. Changes in the titratable acidity of the medium in single-strain culturing and in a mixed
population of Lactobacillus plantarum D1 and Salmonella abony ATCC 6017 at 37+1 °C.
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Figure 4. Changes in the titratable acidity of the medium in single-strain culturing and in a mixed
population of Lactobacillus plantarum D2 and Salmonella abony ATCC 6017 at 37+1 °C
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0 12 24 36 48 60 72

Time, h
-- -4 -- Lactobacillus plantarum D1

—O— Lactobacillus plantarum D1 (Lactobacillus plantarum D1+Salmonella sp.)
—a— Salmonella sp. (Lactobacillus plantarum D1+Salmonella sp.)
-- -1 - - Salmonella sp.

Figure 5. Changes in the number of viable calls of Lactobacillus plantarum D1 and Salmonella
sp. In single-strain culturing and in a mixed population at 37+1 °C.

In the co-culturing of each Lactobacillus plantarum strain and Salmonella sp., the
concentration of viable cells of the pathogen strain was reduced by the 72" h (Fig. 7 and
Fig. 8). The two Salmonella strains differed in their growth characteristics. In the co-
culturing of the two Salmonella strains with each of the two Lactobacillus plantarum
strains, a slight increase in the number of living cells was observed, but it had different
behavior depending on the very Lactobacillus plantarum strain.

The observed antimicrobial activity of the two Lactobacillus plantarum strains
included in the present study was due to the production and accumulation of lactic and
other organic acids. According to Helander et al. [8], L. plantarum produces a variety of
low molecular mass compounds including acids, alcohols, carbon dioxide, diacetyl,
hydrogen peroxide and other metabolites. Many of these metabolites have a broad activity
spectrum against other species, and their production is largely affected by the food matrix
itself. [6].

The L. plantarum strains isolated from salad dressings reduced the amount of viable
cells of the two Salmonella strains in a mixed population (Lactobacillus plantarum and
Salmonella strain) in the present in vitro study. The obtained results confirm the research by
Denkova R. et al., 2013 [9]. But Lactobacillus plantarum D1 and Lactobacillus plantarum
D2 reduced the number of living cells of Salmonella abony NTCC 6017 by the 60™ h, while
Lactobacillus plantarum X2 (isolated from spontaneously fermented sourdough) could not
do so even by the 72™ h. On the other hand, Lactobacillus plantarum F3 (isolated from
spontaneously fermented sourdough) and Lactobacillus plantarum LBRZ12 reduced the
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Salmonella abony NTCC 6017 living cells by the 60™ h, in compliance with the results
reported in the present manuscript. Hence, Lactobacillus plantarum D1 and Lactobacillus
plantarum D2 possess higher antimicrobial activity against Salmonella abony NTCC 6017
than Lactobacillus plantarum X2 [9]. Lactobacillus plantarum F3 (isolated from
spontaneously fermented sourdough) managed to supress all Salmonella sp. (clinical
isolate) cells by the 72" h, which is in compliance with the obtained results for the same
pathogen in its co-culturing with Lactobacillus plantarum D1 and Lactobacillus plantarum
D2. But Lactobacillus plantarum X2 and Lactobacillus plantarum LBRZ12 demonstrated
lower antimicrobial activity against Salmonella sp. (clinical isolate) — the number of viable
pathogen cells by the 72" h was 10°cfu/cm’® [9]. After additional research on the probiotic
properties of the two Lactobacillus plantarum strains, they can be included in the
composition of probiotic preparations and starters for functional probiotic foods and
beverages. This in turn would ensure the microbiological safety of the foods and beverages.
Moreover, upon intake the high concentration of viable cells of lactobacilli will provide the
necessary beneficial flora to maintain the balance in the gastrointestinal tract and perform
its inherent preventive role.
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Figure 6. Changes in the number of viable calls of Lactobacillus plantarum D2 and Salmonella
sp. In single-strain culturing and in a mixed population at 37+1°C.
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Conclusion

Lactobacillus plantarum D1 and Lactobacillus plantarum D2 maintained high
concentrations of viable cells in single-strain culturing and in co-culture at a temperature of
37+1°C. Both Lactobacillus plantarum strains inhibited significantly the growth of the two
Salmonella pathogens. The observed antimicrobial activity was due to a great extent to the
acidification of the medium because of the production and accumulation of lactic and other
oraganic acids. The demonstrated antimicrobial activity is a prerequisite for further research
on the probiotic potential of the two Lactobacillus plantarum strains for their inclusion in
the composition of probiotic preparations and starters for probiotic functional foods.
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Introduction. It was conducted the research for creating the
physical and mathematical formalization of the changes in the
chemical composition of the environment, its energy potential and
osmotic pressures.

Materials and methods of a research is defined on the basis of
the purposes and problems of theoretical searches, excluded need
of physical materials’ usage, and as the basis of researches were
used the known regularities of anaerobic processes of
fermentation and phenomenological reasons with approaching to
the provisions of thermodynamics.

Result and discussion. It is considered the use of biochemical
activity of microorganisms in the fermentative productions in
which input supply streams are transformed with destructive
influences and formation of substances with various molecular
masses. Such processes can be considered self-flowing and
irreversible that means the presence of entropy losses in the form
of thermal energy. At the same time the destructive influences
accompanied by formation of substances with a smaller molecular
masses that leads to increase of osmotic pressure in cultural
environments. Critical value achievement of the last ones stops the
further biochemical transformations with the achievement of
bacteriostatic and even fatal outcome on microflora. Energy
ensuring of these processes is reached due to the chemical energy
of high-molecular connections of input material streams.

Transition from solutions with accurately designated structure
to environments of food and microbiological industries means the
essential complication during osmotic pressure determining. It is
explained, firstly, by continuous dynamics of change in
environments’ structure and, secondly, the presence of set of
substances of transition processes. It is offered to use in the
determination of osmotic pressure of the superposition principle.
The basis for such position is well-known information that all
transformations and synthesis of intermediate substances happen
at the level of endogenous processes in yeast cells. Also, it is
noted the efficiency of process organization of biological system
functioning from constancy of environments’ indicators with
taking into account the external influences and the importance of
the directions of osmotic molecular diffusion. Colligative
properties of solutions in cultural environments change in
proportion to the molality of the dissolved substance.

Conclusion. The osmotic pressure of the substances’ solutions,
which are formed as a result of chemical and biochemical
reactions are proportional to the equalizing coefficients in the
corresponding equations, and changes of osmotic pressure before
and after the chemical and biochemical reactions are defined by
changes of the number of molecular structures, which are formed.
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Introduction

Biochemical activity of microorganisms is used in technologies, related to production
of bread, milk products, wine, alcohol, vinegar, pickled or marinated vegetables, beer,
amino acid, enzyme preparations, antibiotics, dietary proteins, etc [1, 12, 14]. The incoming
supply streams with their organically structure are transformed upon destructive influence
of microorganisms to their components with formation of substances with different and,
often, smaller molecular mass [2, 8, 10]. In such cases an increasing of osmotic pressure of
solutions, in which those changes are in process, are expected [8, 10, 13].

Microbiological provision, that is required for transformation behavior of a material
flow, can result in critical values of transformations, whereby the microorganisms of the
environment cause bacteriostatic effects. An example for this is a fermentation of sugar-
containing substances with alcohol accumulation in the brew of 10-12%, and the yeasts
have to be extracted from the beer after fermentation.

Modern technical possibilities allow to guaranteed reach the bacteriostatic conditions
in separate processes, but the special conditions of the following processes can neutralize
them, for example, because of microbial flora of packing materials, package, environment
[1]. Upon such conditions, when selecting a technology, such methods, upon which the
environments themselves or final products ensure an “aseptically protection” shall prevail,
for example, by high osmotic pressures (molasses, juice concentrates, beer must, honey).
Thereat, the important role belongs to possibilities of non-stop control of osmotic pressures.

Research objective. In connection with mentioned above, the physical and
mathematical formalization of definitions of the osmotic pressures is specified.

Materials and methods

The object of researchs is the technology of anaerobic fermentation.
It were researched the parameters of culture medium, the influences and interaction of
physical and chemical factors in the biochemical synthesis of ethanol.

As the basis of researches were used the known regularities of anaerobic processes of
fermentation and phenomenological reasons with approaching to the provisions of
thermodynamics [8, 10].

The physical and mathematical formalization of definitions of the osmotic pressures in
the fermentation media technologies was determined basing on detailed analysis of physical
and chemical principles and effects of osmotic pressure of environments colligative
properties [1-14].

For calculating of the values of the osmotic pressure it was used the principle of
superposition, the laws of Gay-Lussac [4, 9], equivalent weights and Van't Hoff [6, 7, 11],
taking into account the fact that the nature of the osmotic pressure is defined by the
formations at the molecular level.

As the basis for studying of effects on biological objects it was used the experience of
solutions estimates taking into account the the concept of the systems stationary state [1, 2,
4,8, 10, 16, 18].
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Result and discussion

Transition from environments with defined components and concentrations of dry
substances (DS) to the food technologies environment means an essential increasing of
difficulty level in definition of osmotic pressures. Even in cases of clear definition of
concentrations and molecular masses of incoming flow and final result of their
transformation, this questions remains open, taking into account the fact that the transition
itself is accompanied by synthesis and presence of transitional processes substances. It’s
obvious, that in such cases the principle of superposition would be useful, but only upon
conditions of known chemical and concentric composition. However, in modern
circumstances and upon absence of corresponding analyzers, this question remains open.

For appraisal of degree of complexity of solution of task of definition of osmotic
pressure values lets consider the example of technology, in which the process of transition
characteristics is clearly represented. Such example can be a wine champagnization process
in its classical presentation, that consists of following stages:

— preparing of the mass-production mixture by mixing of blended wine materials with
mass-production liqueur, sand sugar;

— mixing of the mass-production mixture with a blend of pure culture yeast with fining
materials;

— packaging of the mass-production mixture and sealing of bottles with corks and metal
brackets;

— lining of the bottles in piles in the horizontal for secondary fermentation at a
temperature of 10-15 °C and 3-year maturation;

— re-laying of bottles and blending of environments for finishing of biochemical changes
processes.

Corresponding to demands of microbiological provision, there are from 5 to 50 billions
of yeast cells, that equals the level under 20m” of square of mass exchange of cells with the
environment.

The biochemical process of wine maturation divides to 4 periods:

1. Active fermentation, multiplication and increasing of biomass (up to 15 days);

2. Death of cells and transition of ferments and biologically active substances to the
environment of the bottle (up to 100 days);

3. Active evolvement of fermentation processes (up to 350 days);

4. Inactivation of the ferments and fading of all biochemical process.

From the perspective of interests of definition of dynamic of osmotic processes, a
special meaning has the transition in the substances transformation. The main components
of osmotic pressures at starting of the process are represented by occurrence of sugar and
alcohol. Hereby the concentration of the sugar is calculated in such a way as to possibly
receive a final concentration of CO, in the wine at a rate of 10 g/l. The osmotic pressure of
the dissolved sugar is accompanied by the osmotic pressure of the ethyl alcohol. Results of
the biochemical transformation are represented by a correlation

CH,0, _ 2CHOH 200, O
180 92 88

that is accompanied with masses proportion.
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It follows that for obtaining of concentration of carbon dioxide in the wine at the rate
of 10 g/1, it’s necessary to brew the glucose in an amount of

_ 180-10 20,459

m,
Thereat, amount of the synthesized alcohol will make
. — 20,45-88 _10
o 180 s
Considering that the abovementioned masses of alcohol and glucose relate to 1 1 of
wine, it means that the concentration of alcohol will increase by 1,045%. With that, the
mass of carbon dioxide will make:

20,4588

Mey, = 150 10 g.

Let’s define the volumes of liquid phases that correspond to the solution in proportion
1 g/mole of the substance:

11-20,45 g of glucose 11-10,45 g C,HsOH 11-10 g of CO,
V -180g V —146g V —44g
180 46 44

V,=——=88 1 =——=4,4 1 =—=44]
20,45 " 10,45 “ "0

With rate of temperature T=293 K the osmotic pressure of the glucose at starting of the

process equals:

_RT _8,3144-10°-293-10°
osm.gl. V 8,8

=0,27683 MPa.

Osmotic pressures of synthesized C,HsOH and carbon dioxide, respectively:

RT _8,3144-10°-293-10°°

osm.alk. =
v

4,4

RT 8,3144-10°-293-10°°

osm.CO, — v

4,4

= 0,553663 Mpa

=0,553663 Mpa

Cumulative change of osmotic pressures of the substances in proportion

P

osm.alk.

+P

_ 0.553663+0,553663 _

P
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means a possibility to formulate the following rule on basis of the principles of equivalence
of mass and Van't Hoff law:

“Osmotic pressure of solution of substances, that interact in chemical or biochemical
reactions, are directly proportional to the comparative coefficients in the corresponding
formulas”.

With that, it’s possible to arrive at an other conclusion when evaluating results
corresponding to changes of the osmotic pressure and quantity of molecules of solutes. This
is because every molecule of glucose transforms to two molecules of alcohol and two
molecules of carbon dioxide. It results to the other conclusion that relates to generalization
of physical background of osmotic pressure phenomenon:

“Changes of osmotic pressures are directly proportional to the changes of quantities of
molecular structures in solutions”

In other words, the nature of osmotic pressures is defined by formations at molecular
levels.

The mentioned estimated changes of the osmotic pressures, that display
champagnization processes, shall be considered at the level of the first approximation,
because an unaccounted potential of molecular structures, connected with destruction of the
yeast cells, evolvement of fermentation processes with a following inactivation of the
ferments, takes place. It’s obvious that those final occurrences of the champagnization
increase the level of the osmotic pressure in the system. But theoretical possibilities, related
to this additional quantity of molecular structures are practically exhausted, so further steps
to the definition of the osmotic pressures have to be connected with experimental
measurements.

The ground for those is the experience of the study of characteristics of the solutions at
the different levels of values. Such study, in the first place, is targeted at an evaluation of
their impact on biological objects. The totality of such values defines an estimated
functional level of the organism, which is supported due to the activity of complexes of
systems, that are responsible for performing of different functions. Corresponding to the
homeostasis conception, a biological object can remain in the balanced condition only upon
condition that every subsystem in its composition also is in balanced condition. Effectivity
of processes of organization and functioning of living systems depends on the state of the
interior environment, that has to be constantly supported with a glance to the exterior
impact. For example, the key factor for the system “environment — microorganisms” during
its existence is a proportion of osmotic pressures of the cultural environment Pogyeny. and
the cell cytoplasm Pygns. If the formula Pogyeny™> Posms 1S accomplished, the osmotic and
molecular diffusion will be trended from the cell to the environment. In cases of
rehydration of the primary product, direction of the osmotic and molecular diffusion
changes to the opposite one, that corresponds with special aspects and laws of
thermodynamic of biological processes. The special aspect of the latter is the irreversibility,
and the balanced condition of the cell is unsuitable, cause in such a case flowing of directed
processes will be impossible, except accidental variations from the balanced condition. For
this very reason thermodynamics of biological processes operates with concept of
stationary state of a system. In the stationary states the values don’t change in course of
time, but can differ in various parts of the system. In other words, in such systems there are
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value gradients, which are constantly supported. It’s possible only due to inflow of an
energy or substance from outside.

In the human organism a system that is responsible for processes of absorbing,
allocation and excretion of water and salts and supporting of osmotic pressure of the liquids
of the interior environment is the osmoregulation system. It’s main controlled value is total
concentration of the osmotic active substances, that is supported with especially high
accuracy. The executive organs, that are responsible for supporting of the osmotic pressures
of the blood plasma (285+10), saliva (100-200), gastric juice (130-340), bile (280-300),
urine (50—-1550 mmol/kg H,O) are kidneys, sudoriferous glands, digestive tract [19, 20].

The molality of solutions is defined by the proportion of amount of solution to mass of
the dissolvent, and therefore, as distinct from the molality (proportion of amount of solution
to the volume of the dissolvent) the molality of the solution does not changes with change
of temperature. Simultaneous, variety of colors of substances in solutions points at
necessarily of reference to the superposition principle of definition of osmotic pressures.
With that, colligative traits of molality of solutions point at possibilities of usage of
different technologies for definition of osmotic pressures. Four features from the colligative
group are usually considered together and relate to the following phenomena:

1. Decreasing of pressure of a dissolvent spirit:

APspirit :Kspirit m, (2)
where Kyiri¢ is @ constant of the spirit pressure; m — molality.
2. Increasing of boiling temperature of solutions:

AT,

boil —E11, 3)
where E is an ebullioscopic constant;
3. Decreasing of freezing temperatures of solutions:

ATfreeze :Km’ (4)
where K is a cryoscopic constant.
4. Osmotic pressures

APosm :K osmm’ (5)
where K, i a constant of the osmotic pressure.

As is clear from the abovementioned generalization, the specified features of
substances are changing proportionally to the molality of solution. With that, those features
do not depend on the nature and chemical composition of the solution, and every unit of the
mentioned colligative characteristics can be measured, and on the basis of its values the
other are calculated using the known formulas.
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Conclusion

The analysis of special aspects of flowing of the material transformations in the

anaerobic brew processes made on the basis of Gay-Lussac law allows to notice the
following using the phenomenological considerations:

1. Summation of osmotic pressures of solutions of different substances shall be

appropriately defined using the superposition principle.

2. Osmotic pressures of solutions of substances, that arise as a result of chemical and

biochemical reactions, are proportional to the comparative coefficients of the corresponding
formulas.

3. Changes of osmotic pressures before and after flowing of chemical and biochemical

reactions are characterized by changes of quantity of molecular structures that are building

up.

—
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Introduction. It were conducted the researches with a
purpose to determine the impact of non-reagent method,
namely alternating impulses of pressure on the parameters of
water-ethanol mixtures in a wide range of concentrations.

Materials and methods. The methods of direct
potentiometry (ionometry) were used for the researches.
Experimental investigations of liquid samples were carried
out with use laboratory measurement devices: pH-meter-
millivoltmeter pH-150 M and oximeter EZODO PDO-408.

Results and discussion. At influence of alternating
impulses of pressure in liquid binary systems such as water
systems and water-ethanol mixtures occurs intensive
deoxygenating, decrease in quantity of the dissolved oxygen
in water and water-ethanol mixtures in comparison with the
initial maintenance occurs practically on 50-55 %.

During researches increases pH of the distilled water on
13% have been established, thus the hydrogen potential of
the water prepared on technology of the distillery has raised
on 14-14,5%.

A value of redox potential in the course of processing by
alternating impulses of pressure depending on processing
time decreases on 20—-60%.

The change of physical and chemical properties and
parameters of water systems has been established at
processing application high-frequency oscillation which it is
possible to explain change of reactionary ability, owing to
initiation of carrying over of a proton in associated liquids
such as water, aliphatic alcohols, water-ethanol mixtures with
different percentage of ethanol and formation of a grid of
hydrogen bonds which in turn influences the structural
organisation and a structure.

Conclusions. A water and water-ethanol mixtures
treatment by nonchemical reagentless method in rotary-
pulsating devices can greatly reduce the duration of the
process of mixing mode, reduce power consumption,
increase capacity and replace the batch process for the
continuous mixing.
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Introduction

Nowadays one of the important problems that are of interest to the scientific
community is to develop innovative nonstandard products and technologies that meet
modern international standards of quality and safety.

Actual to solve this problem is to use low-cost methods that require cost-effective
investment and allowing the use of existing reserves to reduce specific energy consumption
of existing equipment due to the intensification of technological processes.

The sustainable development of modern food enterprises and food processing plants is
impossible without the introduction of high-tech and energy-efficient production processes.

During the realisation of the processes which associated with requirement of uniform
mixing and distribution of different phases in a liquid basis of great value gets possibility of
forecasting of reaction of such systems depending on a different sort of external periodic
power or energy influences.

Water and alcohol is sufficient difficult associate systems, which are sensitive to the
smallest amount power influences. Formation of water-alcoholic mixtures is the process of
mixing of water and alcohol.

In pure clean water and in the diluted solutions there is a continuous three-dimensional
grid of hydrogen bonds, it proves to be true many researches and mathematical experiments
[1,2].

Inevitability of research of the structural organization of water and liquid binary
systems is caused by their unique properties, and also exclusive value in the live and
lifeless nature, a science and the technician, modern technologies.

The founding of principles and conditions of formation of structure and intermolecular
hydrogen bonds gives the opportunity to change purposefully character and speed of many
physical and chemical processes which take place in such liquid associated systems.
Besides, physical and chemical parameters and properties depend on structural
transformations and bonds which can create between molecules, for example hydrogen
bonds.

Liquid binary systems, specifically aqueous-alcoholic such as mixtures of water and
aliphatic alcohol (ethanol, methanol etc.), are enough complicated objects for researches as
belong to open systems, and can exchange with environment not only energy, but also
substance. At the same time it is metastable, systems which have the certain structural
organization and structure which properties and parameters depend on many factors which
are insufficiently studied.

One of the ways to improve the quality and safety of products derived benefits have
processing technology using a reagent-free non chemical methods, modes and different
devices of physical impacts and influences, without the use of chemical materials and
substances.

Analysis of scientific works

During the past decade, there has been considerable investigation of the many
alternative technological methods of treatment liquids.
Non-reagent methods of water and liquid binary systems treatment include:
— Acoustic treatment: ultrasonic treatment, sound treatment;
—  The electromagnetic pulse effect of the low-frequency field,;
—  Cavitation processing;
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—  Emitting treatment: ultraviolet, ionizing, infrared etc.
—  Hydrodynamic effects.

In recent years researches and technologists have turned their attention to employment
of power sound and ultrasound in processing.

Among available technologies, ultrasound technology has a significant potential to
produce good-quality, healthful, delicious, and affordable convenience food products and
different drinks [3]. The numerous applications of ultrasound, the approach are used in the
field of water treatment. Ultrasonic treatment in a liquid leads to the acoustic cavitation
phenomenon such as formation, growth, and collapse of bubbles (cavitation), accompanied
by generation of local high temperature, pressure, and reactive radical species (°OH,
°OO0H) with thermal dissociation of water and oxygen [4].

Recently there has been considerable investigation of the electromagnetic pulse effect
of the low-frequency field on water or on the behaviour of aqueous solutions. The physico-
chemical properties and parameters of water, such as: oxidation-reduction potential, pH
value, dissolved oxygen and act. may be tainted by the magnetic and electromagnetic fields.
These changes depend on the field intensity and frequency. Although intensive research,
the mechanisms by which electromagnetic fields act on water are still a controversial issue
[5]. Extremely low frequency electromagnetic fields have significant and lasting effects on
liquid water [6].

The majority of theories explain effect of magnetic processing of water magnetic field
action on there is at water ions of salts which are exposed to polarisation and deformation
[7]. As main and key parameters of devices for processing of water by a magnetic field
intensity of a magnetic field, time of stay of water serve in an active zone of a magnetic
field, frequency rate and periodicity of influence of a field on water, speed of a stream of
water in the device [8].

One of the innovate technologies that was used for improvement of water treatment
process is application of cavitation processing. By definition cavitation consists in
formation of ruptures of sites of a liquid (small vials), under the influence of the sharp
changes of pressure caused by movement of a liquid.

Cavitation is the phenomena of the formation, growth and collapse of microbubbles or
cavities occurring in extremely small interval of time (milliseconds) in a liquid [9].
Cavitation can be used as the working tool for the organisation of different technological
processes, for example for: clarifications and processing’s of surfaces, hashing of
multiphase streams (a liquid - a liquid, gas - a liquid, firm particles - a liquid etc.),
activation of chemical reactions, structuring and is final, in technologies of clarification and
water disinfecting. In the conditions of cavitation hydroxyl (OH®) and hydrogen (H°)
radicals would be formed by thermal dissociation of water and oxygen [10].

Emitting treatment: ultraviolet, ionizing, infrared is very perspective nowadays.

A number of alternative methods are commercially available for the removal of
microbiological pollutants and some chemical contaminants from water sources.
Conventionally, the ultraviolet spectrum is divided into three discrete sections:

—  Ultraviolet A (320-400 nm);
—  Ultraviolet B (280-320 nm);
—  Ultraviolet C (less than 280 nm).

Exposure to ultraviolet light can result in the formation of a range of photoproducts
whose distribution and relative yields depend on the wavelength and intensity of incident
radiation.
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Infrared treatment of water used for micro-organism inactivation and structural
transformation by the infrared radiation. But infrared laser water treatment apparatus is
limited, however, by the energy consumption and cost required activating water.

Photocatalysis has great potential as an alternative water treatment method due to
possibility to remove by-product precursors. This process also ensures the public health
safety of drinking water due to its ability to inactivate micro-organisms and to change
physical and chemical parameters of water.

Photocatalytic processes are divided into:

— homogeneous photocatalytic oxidation, e.g. ultraviolet/hydrogen peroxide
— heterogeneous  photocatalytic  oxidation, such as ultraviolet/semiconductor

photocatalysis [11].

Hydrodynamic effects occur at water and water binary systems and mixtures treatment
by physical and mechanical methods.

The method of discrete-pulsed input of energy (DPIE) is one of physical methods
which can influence on structural transformations in complex liquid systems on micro- and
nano- level and gives possibility to initiate physical and chemical changes in these systems
[12].

The fundamental nature of a DPIE method consists in that preliminary permanently
entered and any rank the energy distributed in working volume to accumulate in locally
disconnected discrete points of system and further pulse to realise for achievement of
necessary physical effects: forcing and dumping of pressure, adiabatic boiling, hydraulic
blow, shock waves of pressure or depression, pressure of shift, local turbulence, cavitation
effects.

Spatial and time concentration of energy gives the possibility to receive the big
capacity of pulse power action, to liberate internal energy of substance, to make active
processes which occur at microlevel also.

The method of discrete-pulsed input of energy is divided into such effects and
mechanisms:

— effects which associated with acceleration of movement of a continuous phase;
— influence of pressure of shift;

—  cavitations mechanisms;

—  the mechanism of explosive boiling;

—  collective effects in assembly of vials;

— indignation of an interphase surface in gas-liquid bubbly medium.

— action of alternating impulses of pressure.

Development of different microliquid devices for some last decades has caused growth
of interest to microscale streams. Rotary pulse apparatus are characterised by small enough
sizes of width of channels which gives the chance to consider them as microchannels with
effects of slippage a stream on walls.

A number of heat and mass technological processes (structuring, crushing, dispersion,
emulsification, homogenization, mixing, etc.) are spend in rotary pulse apparatus of
cylindrical type which realise principles of discrete-pulsed input of energy.

Search of new equipment and technological decisions are directed on increase of an
overall performance of devices and an intensification of processes in environments which
requires theoretical researches on studying of hydrodynamic conditions, modelling of
processes in new devices.

The purpose of the research is to study the changes of physical and chemical
parameters of liquid binary systems: water and water-ethanol mixtures using reagent-free
method of treatment, such as the influence of alternating impulses of pressure.
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Materials and methods
Materials

Water and water-ethanol mixtures in a wide range of concentration were used for
experiments. Percentage of ethanol in mixtures was varied from 5 to 90%.

Experimental installation

This study was carried out in experimental form at the pilot unit. The main part of the
pilot unit is a rotary pulsed apparatus in which liquids treat by alternating impulses of
pressure [13].

Sample preparation

Water and water-ethanol mixtures were prepared using the method described by [14].
Water and ethanol of different types was used for mixing.

Water gave in to processing by alternating impulses of pressure before the
technological process of receiving of mixtures. Water treatment and mixing process was
spent in rotary pulse apparatus.

Liquid binary systems were passed through rotating coaxial cylinders with cuts on a
surface and small clearances between them (which reach 100nm) instantly, that allowed to
spend this process by continuous mode.

Methods

For the definition of physical and chemical parameters of liquid samples of binary
systems which obtained during the experiment, standard methods described in special
literature are used [15].

Study of quantity and quantitative changes of dissolved oxygen in water and water-
ethanol mixtures of different concentration from 5 to 90% is carried out with use
microprocessor-based device oximeter EZODO PDO-408 with remote electrode.

Determination of change of potential of hydrogen and redox potential of liquid samples
of binary systems is carried out with use analogue pH-meter-millivoltmeter pH-150 M with
electrodes.

For receiving valid data, liquid samples were analyzed not less than three times with
the following statistical processing.

Results and discussion

For research of changes of chemical and physical parameters of liquid binary systems
such as technological water following properties were investigated:

— potential of hydrogen (pH value);

—redox potential.

Influence of preliminary processing of water with application of method of discrete-
pulsed input of energy for technology of receiving of water-ethanol mixtures was studied.

During processing of water and mixing of water and ethanol in the conditions of
alternating impulses of pressure represented:
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— AP =370 kPa near an external surface of an internal rotor;
— AP =240 kPa near an external surface stator;
— AP =155 kPa near an internal surface stator;
— AP =190 kPa near an internal surface of an external rotor.

Thus pressure of shift of a stream represented:

—  219,8 Pa (the first rotor);

—  235,5 Pa, (the second rotor)
Speeds of shift of a stream:

—  2,2x 10° s (the first rotor);

—  2,4x10° s (the second rotor).
Linear speeds:

— 21,98 m/s (the first rotor);

— 23,58 m/s (the second rotor).

During water processing by alternating impulses of pressure the potential of hydrogen
and reactionary ability of water varies. For carrying out of process of mixing of water and
alcohol water gave in to treatment during special time from 30s to 300s.

The potential of hydrogen characterizes concentration of free ions of hydrogen in water
and is one of the main working indicators of quality of water, in many respects defines
character of chemical and biological processes which occur in water and water-ethanol
mixtures. The change of pH value is shown in Table 1.

Table 1
Change of potential of hydrogen under the alternating impulses of pressure treatment in water

N Potential of hydrogen, pH Temterature, °C Duration of

Before After Before After treatment, s
treatment treatment treatment treatment

1 6,12 6,59 17,0 17,3 30

2 6,09 6,60 16,3 16,9 60

3 6,10 6,69 17,9 18,5 90

4 6,09 6,75 18,0 19,2 120

5 6,05 6,99 18,2 18,7 150

6 6,13 7,18 17,5 18,3 180

7 6,06 7,31 18,1 19,0 210

8 6,12 7,48 17,9 18,8 240

9 6,12 7,79 17,4 18,3 270

10 6,10 7,99 18,0 18,9 300

During researches increases pH of the distilled water on 13 % have been established,
thus the hydrogen potential of the water prepared on technology of the distillery has raised
on 14-14,5%.

Treatment of liquid binary systems such as water in the conditions of alternating
impulses of pressure allows changing physical parameters throughout long time (6 month).

Value of redox potential Eh and pH are interdependent.

A direct potentiometry concerns also redoximetry. It is a measurement standard and
real redox potentials and balance constants redox reactions. The redox potential depends
from activity of oxidized form of substance.
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In scientific work the presented researches concerning change redox potential in binary
water systems.

The change of redox potential of water in technological process of mixing during
experimental treatment in rotary pulse apparatus is shown in Table 2.

Table 2
Change of redox potential during experimental water treatment by alternating impulses of
pressure
N Redox potential, mV Temterature, °C Duration of
treatment, s
Before After Before After
treatment treatment treatment treatment

1 +260 +210 17,0 17,3 30
2 +264 +211 16,3 16,9 60
3 +268 +198 17,9 18,5 90
4 +270 +132 18,0 19,2 120
5 +258 +135 18,2 18,7 150
6 +258 +132 17,5 18,3 180
7 +270 +105 18,1 19,0 210
8 +273 +101 17,9 18,8 240
9 +258 +103 17,4 18,3 270
10 +271 +110 18,0 18,9 300

Results of researches are presented that redox potential of ware is value actable and at
interaction with atmospheric air rises. In the isolated systems of increase occurs much more
slowly.

A value of redox potential in the course of processing by alternating impulses of
pressure depending on processing time decreases on 20-60%.

For research of changes of chemical and physical parameters of liquid binary systems
following properties were investigated:

— quantity of dissolved oxygen;
— potential of hydrogen (pH value);
— redox potential.

The dissolved oxygen in water systems is in the form of molecules O,. Concentration
of the dissolved oxygen in water systems is integrated value which is defined by a parity of
different modes of physical and chemical, hydrodynamic processes which occur in water
systems and on border of division of phases «water system-atmosphere».

Absorption of oxygen from atmosphere occurs on a surface of water systems. Speed of
this process raises with temperature decrease, with increase of pressure and mineralization
decrease.

The quantity of the dissolved oxygen is the significant parameter at processing of
liquid systems.

The quantity of the dissolved oxygen influences on speed of oxidation-reduction
reactions. The smaller quantity of the dissolved oxygen in water-ethanol mixtures, there is
more long their storage time. The change of quantity of dissolved oxygen by the alternating
impulses of pressure treatment in water-ethanol mixtures is shown in Table 3.
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Table 3
Change of quantity of dissolved oxygen by the alternating impulses of pressure treatment in
water-ethanol mixtures

N Quantity of dissolved Temterature, °C
oxygen, mg/l Percentage of
Before After Before After ethanol, %
treatment treatment treatment treatment

1 11,1 5,6 14,0 14,3 5
2 10,9 5,5 14,3 14,4 10
3 10,8 5,8 14,3 14,5 15
4 10,2 5,1 14,7 14,7 20
5 10,4 5,8 14,5 14,7 25
6 10,1 5,3 14,7 14,9 30
7 10,2 5,3 14,4 14,5 35
8 10,1 5,2 14,6 14,9 40
9 10,9 6,0 14,2 14,6 45
10 10,8 5,9 14,3 14,7 50
11 11,0 5,5 14,2 14,4 55
12 10,1 5,5 14,6 15,0 60
13 10,2 5,5 14,5 14,9 65
14 10,8 5,4 14,3 14,7 70
15 11,5 6,3 14,6 15,1 75
16 11,7 5,9 14,7 15,2 80
17 10,9 5,5 14,3 14,9 85
18 10,5 5,3 14,5 15,2 90

Besides, it is established that at influence of alternating impulses of pressure in liquid
binary systems such as water systems and water-ethanol mixtures occurs intensive
deoxygenating, decrease in quantity of the dissolved oxygen in water and water-ethanol
mixtures in comparison with the initial maintenance occurs practically on 50-55 %.

Owing to deoxygenating in aqueous-alcoholic mixes the quantity of harmful
impurities, owing to decrease in reactionary ability of free radicals decreases. Such results
confirm that carrying out of process of mixing in the conditions of alternating impulses of
pressure is capable to slow down oxidizing reactions in water-ethanol mixtures. It is very
important condition and it gives additional possibilities for producing of safe alcoholic
beverages.

For technological process of receiving of alcoholic beverages and alcoholic products
the great value has change of a pH value to initial value to processing.

Depending pH value on speed of course of chemical reactions can change.

The change of potential of hydrogen in conditions of the alternating impulses of
pressure during mixing water and ethanol is shown in a Table 4.

—— Ukrainian Food Journal. 2017. Volume 6. Issue 1

149




Processes and Equipment of Food Productions

Table 4
Change of potential of hydrogen in conditions of the alternating impulses of pressure in water-
ethanol mixtures

N Potential of hydrogen, pH Temterature, ’'C p
ercentage of
Before After Before After ethanol. %
treatment treatment treatment treatment ’

1 6,79 7,90 14,0 14,3 5

2 6,81 7,92 14,3 14,4 10
3 6,77 7,96 14,3 14,5 15
4 6,80 7,90 14,7 14,7 20
5 6,80 8,01 14,5 14,7 25
6 6,75 7,93 14,7 14,9 30
7 6,80 7,92 14,4 14,5 35
8 6,79 7,97 14,6 14,9 40
9 6,84 8,01 14,2 14,6 45
10 6,79 7,92 14,3 14,7 50
11 6,77 7,91 14,2 14,4 55
12 6,79 7,92 14,6 15,0 60
13 6,77 7,91 14,5 14,9 65
14 6,78 7,92 14,3 14,7 70
15 6,75 7,96 14,6 15,1 75
16 6,78 7,92 14,7 15,2 80
17 6,82 8,00 14,3 14,9 85
18 6,81 7,97 14,5 15,2 90

Application of alternating impulses of pressure in technology of receiving of alcoholic
mixtures allows receiving the activated water with the certain physical properties and
parameters, assured value of a pH.

As a result of the carried out researches change of physical and chemical properties and
parameters of water systems has been established at processing application high-frequency
oscillation which it is possible to explain change of reactionary ability, owing to initiation
of carrying over of a proton in associated liquids such as water, aliphatic alcohols, water-
ethanol mixtures with different percentage of ethanol and formation of a grid of hydrogen
bonds which in turn influences the structural organisation and a structure.

The change of redox potential during mixing water and ethanol by alternating impulses
of pressure is shown in a Table 5.

During carrying out of experimental investigations carrying out of researches of
systems in which water for mixing have been realised was not exposed to activation, was
exposed to activation, and processing of a mix which has been received by distillery
technology in the tanks with a mixer without additional activation of water was carried out.

A value of redox potential in the course of processing by alternating impulses of
pressure in water-ethanol mixtures depending on processing time.

Carrying out of process of mixing is direct in a continuous mode and water treatment
before mixing process give possibility to decrease redox potential on 22—63%.

The general tendency to decrease redox which takes place during processing on an
extent 120s has been noted. Figurel after that there is not substantial increase redox.
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Table S

Change of redox popential during mixing water and ethanol by alternating impulses of pressure

N Redox potential, mV Temterature, "C Percentage

Before After Before After of ethanol,
treatment treatment treatment treatment %
1 +115 +82 14,0 14,3 5
2 +120 +86 14,3 14,4 10
3 +121 +85 14,3 14,5 15
4 +119 +84 14,7 14,7 20
5 +120 +84 14,5 14,7 25
6 +115 +76 14,7 14,9 30
7 +117 +70 14,4 14,5 35
8 +118 +70 14,6 14,9 40
9 +117 +75 14,2 14,6 45
10 +120 +77 14,3 14,7 50
11 +121 +78 14,2 14,4 55
12 +122 +82 14,6 15,0 60
13 +119 +85 14,5 14,9 65
14 +120 +85 14,3 14,7 70
15 +121 +88 14,6 15,1 75
16 +117 +83 14,7 15,2 80
17 +115 +86 14,3 14,9 85
18 +116 +86 14,5 15,2 90
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Figure 1. Profile changes redox during mixing process
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The obtained data confirm, that the lowest level of redox was observed in water-
ethanol mixtures which have been received with application of alternating impulses of
pressure. Also it is necessary to pay attention that water in such mixtures gave in to
processing in the conditions of alternating impulses of pressure. The general level of
decrease redox in comparison with the initial makes 65%.

Conclusions

As a result of research, it was found that the water and water-ethanol mixtures
treatment by nonchemical reagentless method of discrete-pulsed input of energy in rotary
pulse devices can greatly reduce the duration of the process of mixing mode, reduce power
consumption, increase capacity and replace the batch process for the continuous mixing.

Experimental and theoretical studies have shown that rotary pulse apparatus may be
suitable for processing in food industry, where hydrodynamic effects are found to be an
alternative to traditional mixing tanks.

A detailed analysis of experimental data showed that the use of alternating impulses of
pressure in the preparation of water-ethanol mixtures in a wide range of concentration
allows obtaining mixtures with improved physical and chemical parameters.
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Introduction. The consumer should be informed about
the quality and characteristics of the food product that
wants to buy, and that is possible only if the product is
properly labeled. We conducted a study to examine the
opinion of the consumers for the manner of labeling the
food in Republic of Macedonia.

Materials and Methods. The review is realized with
electronic surveys of 200 people from 13 different cities in
Macedonia. Interviewees are divided into five groups
according to age: under 19 years, 19-25 years, 26-32
years, 33—50 years and over 50 years.

Results and discussion. When choosing the right
foodstuff majority of respondents, regardless of age read
labels that marked products. Another problem emphasizes
the use of many numbers and signs with unknown
relevance to them, as well as "E" mark on the packaging.
For all respondents, the shelf life of the product has more
influence in selecting the products that they buy than the
product cost. The energy value of the products and the
content of salts in them, were not really important when
choosing a product. All respondents agree that if the food
product contains components that could endanger the
human health, it should be properly labeled. Respondents
believe that it would be better if the label by which the
product is labeled, emphasize the intended customer
group.

Conclusion. Consumers when choosing a food product
they want to buy most often read the label with which the
products are marked. For respondents of great importance
is the existence on the product of an information for which
group are those products intended to be spend. At the
same time it is important to increase the awareness of the
consumers about the importance of numbers, symbols and
labels, which they meet on the labeling of food products.
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Introduction

In the last decade Consumer’s attitudes towards the nutritional aspect of the foods and
proper eating habits are increasing rapidly. Therefore, consumers’ are more concern about
balance and healthier diet. Further they are becoming more demanding about nutritional
information, safe and quality food [1]. Everyone's health depends very much on healthy
eating, with a diet consistent with the nutritional needs of everyone [2]. Nutrition
information on food labels is an important source of nutrition information but is typically
underutilized by consumers [3].

Urbanization has led to a dramatic shift in the food con-sumption patterns around the
world. It has increased the availability of unhealthy food, which contribute substantially as
a risk factor to the pandemic of non-communicable diseases (NCDs) along with other life
style related risk factors such as physical inactivity, consump-tion of alcohol and smoking.
Though seen mostly duringadult life, diet-related NCDs result from unhealthy diet-ary
practices acquired since childhood. Thereforehealthy eating behaviour should be
established early in life as a strategy to prevent NCDs [4].

Label is the most important thing when you want to buy food. When deciding which
foods to buy information to labels about nutrition and health it may not be clear to many
consumers. What was the best choice for healthiest? The purpose of this study is to
analyses consumer’s understanding and used of nutrition labels from food products [5].

The labeling of food is an important information for consumers through which they can
make their own choice of products depending on their health status, age, physical activity,
religious beliefs. "Food" means any substance or product processed, partially processed or
unprocessed and intended to or be expected to be consumed for human consumption [6].

Quality labels guarantee compliance not only with current standards, but also with
additional quality criteria determined in a corresponding certification system [7].

Sadilek T., System of quality labels in the European Union, Ukrainian Food Journal.
2016. Volume 5. Issue 3, 579-587.

Food quality on the market depends of several factors that are found step by step from
manufacturing flow to the development phases of the agro-foodstuffs status. Food labeling
is a way of communication that characterizes the quality of the food elements. The
information transfer from the label to the consumer is made after purchasing the food
product, and usually consumers read the labels from the food products packaging only after
they bought the product home [8].

Dumitru Mnerie, Liviu Gaceu, Oleksii Gubenia, Mark Shamtsyan, Adriana Birca,
Gabriela Victoria Mnerie (2016), Comparative study on the evolution of the food labeling
quality in some countries from the Black Sea region, Journal of Hygienic Engineering and
Design, 14, pp. 60-65.

Obligations for marking which the producers and food distributors have, are regulated
by the Law on Food Safety and bylaws arising from it. Mandatory requirements for labeling
of food are given in the Rulebook on food labeling [9]. Additional requirements for tags
that are defined depending on the category of food are prescribed by the regulations for
specific security requirements or regulations for quality of certain foods / food product.

By the Agency for Food and Veterinary of Republic of Macedonia is made a guidance
in order to provide guidelines to operators with food, about the way of presenting food
information to consumers in accordance with the applicable rules in the European Union
[10].

By applying the provisions of the Rulebook on labeling of the food:

—— Ukrainian Food Journal. 2017. Volume 6. Issue 1 155



Economics and Management

— consumer receives all the necessary information’s about the composition (listed in
descending order according to the proportion of the ingredients in the final product),
storage and use of food, expiration date, net weight or volume of the food and more;

— marking must be clearly visible, understandable and easy to read;

— allergens should always be clearly specified on the label,;

— isnot allowed food labeling which suggests the healing properties of the food;

— food operators may indicate additional data on the tag, if they are accurate and do not
cause consumer deception;

— the food must be marked in Macedonian language, it can be marked in other
languages as well, but only in addition to marking in Macedonian language [11].
Food operators, despite the data listed above, are obliged to mark the food with
information which are determined in accordance with the specific requirements of
certain types of food.

The obligation of the buyer is to read the marking before buying the product. If the
consumer carefully read the labeling, one can find out more about the ingredients contained
in the foodstuff that he wants to buy and thus decide whether the product meets his
requirements.

With this paper we wanted to determine whether consumers in Macedonia are satisfied
with the way of labeling the food products and what problems they face when choosing a
food product that they want to buy.

Materials and methods

Consumer’s opinion is determined based on the answers given to the questions of a
questionnaire, which was online. On some of the questions were offered several answers
and for each answer respondents should answer "Yes" or "No" (Figure 2, 3, 5 and 6).

The survey was voluntary filled by 200 people from 13 different cities in R.
Macedonia: Berovo (1), Bitola (4), Valandovo (1), Veles (102), Kichevo (1), Kumanovo
(1), Makedonski brod (3), Prilep (3), Radovish (1), Sveti Nikole (2), Skopje (78), Tetovo
(2) and Shtip (1). From the surveyed,63 were men (31.5%) and 137 women (68.5%).
Respondents were divided into five groups according to age, under 19 years (8), from 19-25
years (71), from 26-32 years (61), 33-50 years of age (49) and over 50 years (11).

The obtained results of the survey were presented, analyzed and processed using the
program Microsoft Excel from the program package Microsoft Office. Each question is
specifically analyzed and discussed.

Results and discussion

The first analysis are based on the respondents who choose food products in the
markets. From the determined answers it can be concluded that most of the respondents
read the product labels and on basis of that they choose the product, indicating that the
labeling of food products is important for consumers (Figure 1). "I read the labels of
products" replied 40.85% of respondents aged between 19-25 years, 50.82% of
respondents aged between 26-32 years, 42.83% of respondents aged between 33—50 years
27.27% of respondents aged over 50 years.
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How do you choose the food products in the market?
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B read the name of the product on the shelves
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Ol rely on long standing tradition

OOther way which is not listed

Figure 1. How do you choose the food products in the market?

Alibabi¢ et al. (2012) investigate the extent to which these laws and the regulation are
implemented, the results showed that consumers are mostly interested in the data
concerning the turation of its shelf live, and 62% of consumers always chekerd this
information [12]. Regarding the question: "Which of the listed difficulties do you meet?" it
has been Offered a few answers and for each response respondents had to answers by
"Yes" or "No". The Figure 2 shows the only the answer "Yes". From the graphics display it
can be concluded that the respondents in the age group below 19 years have difficulties
with the small fund, but it should not be ignored other difficulties. Persons from 19-25
years of age with most "Yes" answers stated for small fund and usage of many numbers and
signs of unknown significance (with "Yes" replied 46 out of 71 respondents). The persons
from 26-33 years and from 33 to 50 years reported to have major difficulties with the small
fund (with "Yes" replied 44 out of 61 respondents and 42 out of 49 respondents,
respectively). The persons over the age of 50, despite the very small fund and numerous
figures and characters (with "Yes" answers replied 10 out of 11 respondents), have
problems with the fact that "the information is vague and not readable” (with "Yes" replied
9 out of 11 respondents).
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Which of the listed difficulties do you meet with?
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Figure 2. Which of the listed difficulties do you meet with?

Gracia A. and Tiziana de magistris (2016) measured the importance consumers attach
to differend labeling schemes aviaible in the food market. The results show that people
most preferred labeling shame was the PDO indication, EU organic logo and closely
followed by the nutritional fact panel [13].

The answers "yes" to the question: "What information while reading the packaging is
not clear even when reading easily?" are shown in Figure 3. Based on the presented results
we can conclude that in all age groups, symbols and signs are what is at least
understandable and clear. It can also be concluded that the designation "E" on the product
packaging for most of the respondents is a problem, because they do not know the exact
meaning of this mark. The Agency for Food and Veterinary of Republic of Macedonia has
developed a brochure [14] in order to inform the consumers about the significance of the
designation "E" and thus to eliminate the above mentioned problem. The "E" followed by a
number, on the packaging of food products indicates the presence of a certain additive.
Each additive is a chemical compound whose formula is well known. In the European
countries is used Exxx mark, while in countries outside of Europe for is used numerous tag
for the appropriate additive. The colors were marked with E and series number from 100,
preservatives are marked with E and series number from 200 and antioxidants with E and
the series number from 300, emulsifiers, thickening agencies with E and series number
from 400, taste amplifiers with E and series number from 600, anti-foaming, sweeteners are
marked with E and series number from 900, except E420 and E421 (sorbitol and mannitol).
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Petrova et al. (2014) make analys in Bulgaria food labels. Results show that the 30 %
of costumers respondet that the most unclear information is about additives in the produtct
which are marked whid the letter E and a number that specifies the type of additive [15].

The official advices for consumers provided by the Organization of Consumers and
The Agency for Food and Veterinary, are that with diverse and moderate diet there are no
possibilities for people to ingest food additives more than the accepted daily amounts [11,

16].

60

What information while reading the packaging is not clear even
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Figure 3. What information while reading the packaging is not clear even when reading easily?

During classification of the information given on the packing of the food products in
the questionnaire, there were offered the following answers: duration, price, manufacturer,
quantity, country of origin, information quality, information on accessories, preparation,
energy and content of salt. The answers of the respondents are shown in Figure 4. The most
important information is numbered with 1, while the most irrelevant with 10.
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Figure 4. Classification of the information given to the packing

The Figure 4 shows that in all age groups the most important information is the shelf
life, then the price, the manufacturer, the quantity, country of origin of the product, quality
information, information about existing supplements, method of preparation, energy and
content of salts. For all respondents is important the food product not to be with expired
shelf life, because the consumption of such food products could cause some disorders.
Also, the price of the product has a great influence in the choice of food products that
would be purchased, due to the low purchasing power of the citizens of Republic of
Macedonia.

By the respondents, as the least important information is evaluated the salt content in
the food products (graded with 10), which is due to not informed consumers about the
importance of salt content in the food products.

As for the energy value of the food products, in the future we expect that the
information about the energy value of the products will be one of the determining factors
when choosing a product that will be consumed, because most of the population in the
Republic of Macedonia has become increasingly aware of the impact of the energy value of
the products on health.

The Figure 5 shows the "Yes" answers to the question "What information do you think
should be obligatory on the packaging of the food products?".
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Classification of the information given to the packing
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Figure 5. What information do you think should be obligatory on the packaging of the food
products?

In all the groups of respondents, with most "Yes" answers were stated the dangerous
components that pose a risk to human health. According to the responses, it can be
concluded that the majority of respondents regardless of age believe that on the packaging
should be mandatory information of dangerous components risky for the human health.

From the suggested changes that might be made on the packaging of the food products
(Figure 6), respondents in all age groups (except in the group of 19-25 years) believe that
on the labels should be put information about what group of spending products are
intended. According to the respondents in the age group of 19-25 years on the packaging
should be noted for whom the products are NOT intended (with "Yes" replied 59 out of 71
respondents).
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Which of the suggested changes on the packaging of the food
products, you offer to make for a more pleasant shopping?
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Figure 6. Which of the suggested changes on the packaging of the food products, you offer to
make for a more pleasant shopping?

According to the Regulation on labeling the food products as additional and useful
information that can be found on the product are: telephone number of the manufacturer,
the trade name of the product if the manufacturer has, importer or distributor for additional
information’s, product handling, storage, delay, recycling and similar [9].

Conclusion

Based on the results of the survey, it can be concluded that consumers when choosing a
food product they want to buy most often read the label with which the products are
marked. From the problems they face when reading labels it should be indicated the small
fund and the use of many figures and signs of unknown importance as well as marked "E".
During classification of what is important when choosing a food product in the first place is
the shelf life, and then the cost of the product. Respondents, regardless of age, consider
mandatory that on the packaging should be an information about the presence of dangerous
components that could cause certain disorders in human healthcare. For respondents of
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great importance is the existence on the product of an information for which group are
those products intended to be spend.

To eliminate the problems mentioned by the consumers in the future it should be
increased the control of food producers, as they respect the stipulated rules and regulations
set out in the Law on Food Safety of the Republic of of Macedonia, the Rulebook on food
labeling and Guidelines of good practice for food operators regarding the new EU
requirements for food labeling.

At the same time it is important to increase the awareness of the consumers about the
importance of numbers, symbols and labels, which they meet on the labeling of food
products. It should be emphasized that the Agency for Food and Veterinary of the Republic
of Macedonia in cooperation with the Organization of consumers for a long time undertake
a lot of activities for education and information the consumers about labeling of certain
food products by placing in public a number of brochures (Food additives and consumer,
Food supplements, Foods for particular nutritional uses, etc.), guides and leaflets (Guide to
consumers through the law on food safety, How to read the labeling of foodstuffs, What
information should include labeling of food? labeling misleading, leaflets relating to
labeling of meat, dairy and processed fish, leaflets relating to labeling of foods for infants
and young children, food intended for diet and nutrition for athletes and others).
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—— Abstracts
AHoTaiil

XapuoBi TexHonorii

InenTudikanis 6anuIsspHIX MIKPOOHMX KOHTAMIHAHTIB i 30y AHUKIB Xap4oBHX
OTPY€Hb B YKPAiHCHKil pOCJMHHIN CHPOBHHI i mpoxyKTax

Inna HI/IJH/IneHKol, JIroqmuina HI/IJII/IneHKol, I'anna HMGOpKOZ,
Ouena InbeBa', €prewiit Kotmap', Jimutpo BaGerko’
1- Odecvra Hayionanvha akademis xapuosux mexnonoeiu, Qdeca, Yxpaina
2 - Ooecwkuil nayionanvruil yhisepcumem im. I 1. Meunurxoea, Odeca, Ykpaina

Beryn. Xapakrepucrika 0i0J0riYHUX 3a0pyIHEHb POCIMHHUX Xap4YOBHX IMPOAYKTIB —
30yHUKIB Xap4OBHUX 1H(QEKIIN 1 OTpyeHb, 30y JHUKIB TICYBaHHS Ta MPUCKOPEHE BU3HAYEHHS
TIOTEHIIHOT iX HeOe3MeKH IS CIIOKUBaya MalOTh HAYKOBE 1 MPaKTUYHE 3HAUCHHSI.

Marepianu i metogu. JlocmikyBanu MONIMPEH] 1 MPOMHUCIOBO BHPOIIYBaHI BUAX
OBOUiB, (DPYKTIB, SriA, psJ KOHCEPBOBAHMX 1 CYIIEHHX IPOMYKTIB, a TaKOX CHELil.
Mopdonoriyti, KynbTypaidbHi Ta OiOXIMIUHI BJIaCTHBOCTI BHAUICHHMX KYJIBTYp BUBYAIN
3arajgbHONPUHHATAMU MeToaamMu. [TomiMepasHy naHmtoroBy peaxuito (I1JIP) npoBoamiu 3
BUKOPHCTaHHSIM Tpyno- i BHAocnelu(piYHUX TpaiMepiB 10 IOCITiOBHOCTEW Oamun Ta
enexktpodopesy nponykti I1JIP B 1,5% arapo3Homy reii.

Pesynbratn i o6roBopenHsi. [locmimkeHi OamwispHi MiKpoOHI KOHTaMiHAaHTH,
MOTEeHIIHI 30yJAHUKU Xap4oBHX OTPYEHb 1 TICYBaHHS IIPOAYKTIB Uil IPOMHECIOBO
TIOMIMPEHUX B YKpaiHi BU/IIB POCIMHHOI CHPOBHHH — OBOYIB, (DPYKTIB, STiJ 1 HPOAYKTIB iX
nepepoOku. OcCOONUBICTIO POCIMHHOI CHPOBUHHM YKpaiHH € JIOMiHYBaHHS MOP(OTHIIIB
subtilis-licheniformis ~ cepex  BUSBIEHHX  MMAJIWYKOBHJHUX  CIIOPOYTBOPIOIOYHX
MiKpooprauizmiB nopsaky Bacillales. Cxman MikpoOiOTH pi3HHX BHUIIB POCIUHHOI
CHUPOBHHH 1 MPOJYKTIB ii IepepoOKu OyI0 AOCITIHKEHO 32 KOMILICKCOM 1X (hDeHOTHITOBHX 1
MOJIEKYJSIPHO-TEHETHYHHUX BJIaCTHBOCTeH. BcraHoBieHO, 110 ineHTU]iKamis aepoOHHX i
(aKkynbTaTUBHO-aHAEPOOHHX  CIOPOYTBOPIOIOYMX  OakTepii 3a  KOMIDIEKCOM  iX
(PEHOTUITOBHX BIIACTUBOCTEH TpHBaja 1 HE 3aBXKIU JO3BOJISIE TOYHO BU3HAYUTH BHI
MIKpOOpraHi3MiB. ANpoOOBaHO METOAMKY MiATOTOBKM 3pa3KiB XapuoBUX HPOAYKTIB i
nposeaeno [IJIP 3 rpymo- i BuocneuudiyHUMHU TNpaiiMepamMH 3 METOI MPUCKOPEHOT
MIaTHOCTUKU B 3pa3kax ITaMiB B. cereus, Paenibacillus polymyxa, P. macerans.
Bu3HaueHO KOHTaMiHOBAHICTh 3pa3KiB POCIMHHOI CHPOBHMHH 1 MPOAYKTIB 11 mepepoOku
eIiJIeMiOJIOTiYHO 3HAYUMHM MIKpOOpTaHi3MoM B. cereus, sika CTaHOBUTH Bin 16,7% s
cBIKUX (PYKTIB 10 72,7% A7 CHEIi# i MPSHOIIIB BiJl 3arajbHOI KUTBKOCTI TOCTIIKCHUX
3pasKiB.

BucnoBku. InentudikoBaHo OaumwisipHi MIKpOOHI KOHTaMiHaHTH Ta anpoOOBaHO
MIPUCKOPEHY METOMUKY MIiATOTOBKM 3pa3KiB XapuoBux mnponyktiB 3 IIJIP s iHmukamii
periiaMeHTOBaHUX OalMIIIPHUX MiKpOOPTaHi3MiB, SIKi BIUTMBAIOTH Ha OE3MeKy MPOAYKIIii.

KurouoBi ciioBa: 6ayuna, xapuosuii npooykm, 6esneka, B. cereus, IL/IP, ¢henomun.
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Juxanns rpeuskux ropixis (Juglans Regia 1) mix yac 36epiranns

€prenis Boari
Texniunuii ynieepcumem Monoosu, Kuwuney, Monoosa

Beryn. BuBueHo mnokasHWKHM auxaHHs rpenpkoro ropixa (Juglans Regia 1), i
(baxTOpH, SIKi MOXKYTh BILIMBATH Ha HBOTO.

Marepianu i mMeronu. [HTEHCHBHICTh AMXaHHS TPENBKOTO ToOpixa BHU3HAYAIH 32
METOJIOM 3aMKHYTOi atMoc(epu. Bukoprcrano meron ynosimtoBanus CO,, 10 BUAAISIETHCS
3 MPOIYKTY JYKHUM PO3YMHOM. J[/Is OLIHKHM BIUIMBY TEMIIEpAaTypu Ha IHTEHCHUBHICTh
JMUXaHHS HEOUHUIICHUX TOPIXiB 1 sapa ropixa MPOBOAMIMCS TOCTIIKCHHS B YOTHUPHOX
pexumax temrmeparyp: 6 £2, 18 £2, 30 £21 50 + 20 °C.

PesysnbraTn i 00roBopeHHs. J[MXaHHS € OHUM 3 OKHCIIOBAaJIBHO-BiJTHOBHUX IPOIIECIB,
SKIi MOXYTh TIPU3BECTH N0 OKHCIIOBAJIBHOI JAECTPYKIII JIIiAiB TpelpKoro ropixa i,
BIJIMIOBITHO, JIO iX SIKICHOTO PO3KJIaJaHHS.

BMicT Bosoru B rpenpKux ropixax € OJJHAM 3 OCHOBHHX (haKTOpiB, IO BIUIMBAIOTH HA
IMIBUIKICTh quxaHHs. [loyaTkoBa IHTEHCHBHICTh MUXaHHS TOPiXiB BHUCOKA, ajie IIBUIKO
SHIKYETHCA B mepiri 15 mHiB 30epiranns. 1le 3HWKEHHS MOB's13aHe 31 CKOPOYCHHSAM BOJIOTH
y ropici. Ilicast 15 nHiB 30epiraHHsi iHTEHCHBHOCTI JHMXaHHS TOpIXiB 3MEHIIYETHCS
HE3HAYHO.

BcraHoBiI€HO 3B'SI30K MK IHTEHCHBHICTIO TUXaHHS 1 TEMIIEPAaTYpOIO HABKOJIHMIIHBOTO
cepenoBuIna. [HTEHCUBHICTh AMXaHHS sipa ropixiB 3pocrae Bif S5 10 23 mr CO,/krerox 3i
30inbmeHHssM Temneparypu Big 5 no 30 °C. IIpu nopanpuniomy 301IbIICHHI TEMIIEPATypH
110 60 °C IHTCHCUBHICTh AMXAaHHSA 3MEHINYETHCS 10 15 Mr CO,/KreTom.

[HTEeHCHBHICTh NUXaHHS HEOYHMINEHHMX TPElbKHX TOpiXiB 3pocrae Bim 5 mo 17 wmr
COy/kreron 3i 30inbIIeHHAM Temriiepatypu Bix 5 o 30 °C. I3 momanbpimM 30UTBIICHHI
TemrepaTypu 110 60 °C iHTEHCHBHICTb AUXaHHS 3MeHITyeThest 10 12 Mmr CO,/Kkrerox .

[HTEeHCHBHICTL AUXAHHS SIpa TPEIbKOro ropixa Oijbla, HiXK Y HEOYHMIEHUX TPEIBKUX
ropixiB, 00OJIOHKA CIYXUTh 0ap'epoM 1sl 6e3MOcepeHFOr0 KOHTAKTY MiX JIiIiqaMu sfpa i
KHCHEM.

BinzHayaerbes, 0 1HIEKC KUCIOTHOCTI KOPEJIOE 3 TeMIlepaTyporo 30epiraHHs, aje
OiJIbIlie BUpa)XXEHHH /IS iApa 1 MEHIIe [Tl HEOUHMIIIEHUX TPELBKUX TOpiXiB.

[HmeKC KUCIOTHOCTI JIMIIIB spa 1 HEOUHIICHUX TIPEIbKUX TOPiXiB 31 301IbIICHHIM
TemrepaTypu Bix 5 mo 15 °C He 3MiHIOETBCS 1 ctaHoBUTH npudiam3Ho 0,35 mr NaOH/r
npoa. Ilpu momanbmioMy 30ibmieHHI TeMmepaTypu 10 40 © C iHAeKC KUCIOTHOCTI JIITi B
3pocrae 10 0,8 NaOH / r npox (aus simpa) 1 1.1 (s HeounIeHux rpelbKux ropixis). [Ipu
MoJaNIbIIOMy 30UIbIIeHHI TemmepaTypu a0 60 © C iHIZEKCOM KHCJIOTHICTIO JIITiIiB
yuenbmarotes 10 0,6 NaOH/g prod.

BucHoBkn. J/[uxaHHS TPebKOro ropixa Moxe OyTH oOMexeHe 30epiraHHs 3a HU3BKHX
TemnepaTyp. ToMy BaKJIMBO 3a0€3MEYUTH CTAOUIBHICT MMiJ Yac 30epiraHHi MUITXOM
JIOTPUMAaHHS TPaHUYHHUX 3HAYEHb BMICTY BOJM B IpElbKUX ropixax. Mopgonoriunuii cran
TUTOJly TaKOXX BIUIMBA€E HAa IHTCHCHBHICTh JWXaHHS, NPUYOMY IIeH mapaMeTp OLIbIIMi Juis
OYMIIEHUX SIZeP, HIK U1 HEOUMIIEHHUX IUIOAIB, PI3HHI 3yMOBJIEHA LIKAPAJYIOI0, sIKa €
TIEPENIKOOI0 JUIS IPSIMOTO KOHTAKTY MIX SIIPOM 1 KCHEM.

KurouoBi ciioBa: epeywvkuil 2opix, ouxawns, 30epicanHsi, 60J102iCmb.
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BrnuiuB Makyxu 3apofkiB KyKypyA3H Ha poLecH A03piBaHHS MIIEHMYHOr0 TicTa Ta
SIKICTB i Xap4oBy WiHHICTH XJ1i0a

lamuna CrenanpkoBa, CiTiana OmiitHuk, Banepiit Muxaiinos,
Xapxiscokuil Oepoicasrull yHieepcumem xapuyeants ma mopeieni, Xapkis, Ykpaina

Beryn. JlociipkeHO BIUIMB MakKyXd 3apofKiB KyKYpyA3W Ha mepedir ImporieciB
JI03piBaHHS MIIEHUYHOTO TiCTa, @ TAKOX Xap4oBY Ta OlONOriYHY I[IHHICTH X1i0a.

Martepianu Ta MeTonu. VY IOCHIDKEHHSX BHUKOPUCTOBYBAJIM MaKyXy 3apoJIKiB
KYKYpyZ3u, OOpOILIHO MIIEHWYHE MEpPHIOro COpPTY, APLKIDKI MpecoBaHi XIiOONeKapchKi,
CiJb, BOAY MUTHY. [HTEHCHUBHICTH CIIMPTOBOTO OPOIHHS BU3HAYAIIM 3a IIIBH/IKICTIO ra30yTBOPEHHS
B TICTi, @ MOJIOYHOKHCIIOT'O — 332 3MIHOIO HOr0 TUTPOBAHOI KUCIOTHOCTI. [T0Ka3HUKHU SKOCTI
xJiba, a TakoK HOro Xap4yoBy I[HHICTh JOCHIDKYBaIM 33 3arajbHONPUHHATUMHU
METOJMKAMH.

Pesyabratn Ta iX 00roBopeHHsl. Pe3ynbraTH eKCIEpHMEHTANBHHUX JIOCIHIKEHb
MoKa3aJid, 110 3aMiHa MIIeHUnYHOro OoporHa Ha 10,0-20,0% Makyxu 3apoiKiB KyKypya3u
crpusie iHTeHCU]iKanii KHCIOTOHAKOMMYEHHS Ta Ta30yTBOPEHHS B TICTi, IO € IiJCTaBOIO
JUIs CKOPOUYEHHS TPUBAJIOCTI ioro no3piBanHus Ha 6,0—17,0%. Pazom 3 TM criocTepiraerhbes
3HIDKCHHS 00’€My TicTa 3a MipOr0 30UIBIICHHS JO3YBaHHSA J00aBKH. BurororieHuit
Oe3omapHUM CIIOCOOOM XJIiO 3 TOZaBaHHSIM MaKyXH 3apOIKiB KyKYPYA3HW Ma€ NPUEMHHNA
KYKYPYI3SIHUI MpPUCMaK i apoMaT, OiJIbII iHTEHCHBHO 3a0apBJiIEHy CKOPHHKY 1 M’SIKYILKY,
BUIIIE 3HAYCHHS ITOKAa3HMKIB BOJIOTOCTI Ta TUTPOBAHOI KUCJIOTHOCTI, HIXX Y KOHTPOJBHOT'O
3paska. JlonaBanns Oinbire 15% mo6aBKH MPU3BOJUTH 10 CYTTEBOI'O 3HIDKEHHSI TOKa3HUKIB
MOPUCTOCTI Ta MUTOMOro 00’eMy Xxiiba, IO HE J03BOJSE PEKOMEHJYBaTh Oinblue ii
JIO3yBaHHs 3a 0€30MapHOro CIIoco0y BUPOOHUIITBA XJTi0a.

Xni6, BurotoBieHud 3 15% Makyxu 3apoiKiB KYKYPYI3U XapaKTepPH3YEThCS BHIIUM
BMICTOM HE3aMiHHHX aMiHOKHUCJIOT JI3WHY, IJUCTiHY, METIOHIHY Ta TPEOHiHY, OiJIbIINM
BMICTOM Xap4yOBUX BOJIOKOH y 1,7 paswu, BitamiuiB B; — B 1,4 pasu, E — B 3,0 pa3u, maruiro
— B 2,2 pasuy, 3aii3a — B 2,3 pasu.

BucHoBok. Buxopucranus 15,0% Makyxu 3apojikiB KyKypyI3u 3a O€30MapHOro
croco0y BUPOOHUITBA JIO3BOJISIE OTPUMATH BUPOOH BHCOKOI SIKOCTI, IiIBUILEHO Xap4OBOi
Ta 010JI0TIYHOT IIIHHOCTI.

KurouoBi ciioBa: x1i6, maxyxa, 3apooku, 003pi6anHsi, AKiCimb.

Bu3HaveHHs 01€THOBOI KHCJIOTH y 3pa3KaxX HACIHHS COHSINIHUKA METOI0M Oiy-
CIEeKTPOCKOmii

Inna I'ymano, Banepiit Mank, Ceitnana KoBaiboBa
Hayionanvnuii ynieepcumem xap1osux mexmonoeiu

Beryn. Moxousicts Bukopucranst BMU-cniekTpockomii it BU3HaueHHs 0J1eTHOBOT
KUCJIOTH B HACiHHI COHSIIHHUKY HE BUBYEHUI, TOMY JIOCITi/PKEHHS B LIl 001acTi €
TIEPCIIEKTUBHUM.

Martepianu i merogm. Cnekrpu 3pa3KkiB HaCiHHS pPI3HHX COPTIB COHSIIHUKY 3
BiJOMMM BMICTOM OJIETHOBOi KHCIOTM 1 THX CaMHX 3pa3KiB, JOJAaTKOBO 30arayeHux
ONIETHOBOIO  KUCJIOTOIO, Oynmu gociijpkeHi MeromoM audy3noi Bigbusuoi BIY -
CHeKTpocKomii 3 BUKOpHUCTaHHsIM npwiany «lHppamia-61». Jlns oOpoOku oTpuMaHHX
pe3yabTaTiB OyJIM 3aCTOCOBaHI METOIU MAaTEMAaTHYHOIO aHATI3Y.
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Pesyabratn i ob6roBopennsi. Y bBIU cnektpax 3pa3kiB BHUCYIIEHOTO HACIHHS
COHSIIHHMKA TIOPIBHSHO 31 CHEKTpaMH CHUPOrO0 HACiHHS CIOCTEpPIraeThCsi OYiKyBaHe
3MeHIIeHHs KoedilieHTa audy3Horo BinOuWBaHHA y piamazoni 1920-1940 HM, 1o
BiJIMOBiIa€ BMICTY BoJOTrW B 3pa3ky. AHainiz BIY crnekrpiB kxamiOpyBasbHOI cepii 3pa3kiB
HaCiHHsI, 30ara4yeHux oJIETHOBOI KHMCIIOTOO, TIOKa3ye 301IbIIeHHsT Koe(illieHTa BiAOHMBaHHS
y nmianazoHax 1920-1940 um i 2140-2160 HM HpOIOPLIHHO 3POCTaHHIO MAaCOBOi YaCTKH
oneiHoBoi kucioTu. BiqmoBiaHi po3paxyHKH, KaniOpyBanbHI KpUBI i BUHAHIEHE PiBHSIHHS
JIEMOHCTPYIOTh JIiHIMHY 3asIe)XHICTh KoedilieHTa IUQy3HOro BiAOMBaHHS 3pa3ka Bif
MacoBOI YacCTKU OJIETHOBOI KUCIIOTH IIpu JOBXHUHI XBWii 2140 HM. 3HaliieHa 3aleXHICTh
MOXe OyTH BHUKOPHCTaHA JUId KUIBKICHOTO BHM3HAY€HHS OJETHOBOI KHCIOTH Yy
COHAIIHAKOBOMY HACiHHI HEBIOMOrO CKJagy. 3a 3HaueHHIM KoeQillieHTa TU(Y3HOrO
BiIOMBaHHS 3pa3ka 3 HEBIJOMHM BMICTOM OJIETHOBOI ~KHCIIOTH, KOPHUCTYIOUYHChH
oOyIOBaHUM KaJiOpyBaJbHUM IpadikoM, MOXKHA BU3HAYHUTH I MACOBY YaCTKY.

Meron bBIU-cnekrpockomii mudy3HOro BigOMBaHHS MOXE 3aCTOCOBYBATHUCS JUIS
aHaN3y SK HEOYMIIECHOrO HACIHHSA, TaK 1 HACIHHS, BIJOKPEMJICHOT'O BiJ JIYIIHAHHS,
OCKIJIbKM CHEKTpajibHI XapaKTEPUCTUKU TaKUX 3pasKiB 3 OJHAKOBUM BMICTOM OJl€aTiB
MPaKTHYHO iJeHTHYHI Y Aiana3zoni 1330-2370 Hm.

Leit Meron MOXXHa PO3MIAAATH SK ANbTEPHATHBY XIMIYHUM METOJAaM BH3HAYEHHS
MOKA3HUKIB SIKOCTI KUPOBMICHOI CHPOBHHHU.

BucnoBku. Meton BIY - criektpockorii € nmepcrneKTHBHUM U1l BU3HAYEHHS Y HACIHHI
COHSIITHUKA OJIETHOBO Ta 1HIIMX )KUPHUX KApOOHOBUX KUCIIOT.

Kuaro4doBi ciioBa: cnexmpockonis, oneinosa kucioma, COHAUWHUK, HACIHHAL.

KBaniMeTrpuyHa oniHka panioHiB xapuyBaHHsA

Orer Ky3pMmin, Katepuna JleBkyH, AHacrtacis Pi3Huk
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Meroto poOOTH € OIliHKA SIKOCTI pAallioHIB XapyyBaHHS 3 TO3UIIi HOPM
¢izionoriyHol mOTpeOu JIIOMUHM Ta JOOOBOrO PAIiOHY Xap4yyBaHHS, UIS ITOAAJIBIIOrO
BU3HAYEHHS 30aJIaHCOBAHOCTI Xap4YyBaHH:L.

Marepianu i MeTonu. /[o6oBuii parioH xapuyBaHHs JIIOJJUHU (CHIJaHOK, 001]1, BeYepsi)
Ta HOpMHU (hi310JIOTIYHOI MOTPEOH CEPEAHBOCTATUCTUYHOI JIIOAMHU — JJI BU3HAYCHHS
KOMIUIEKCHO-KUJIbKICHA OI[IHKA SIKOCTI pamioHiB xap4yBaHHs. J{ysi 00’eqHaHHS MOKa3HUKIB
SIKOCTI B y3arajbHeHHH (KOMIUIEKCHHMH) MOKAa3HUK BUKOPHCTAHO aJUTUBHY MaTeMaTHYHY
MOJIETTb SIK HaWOUIBII PO3IOBCIO/DKEHY B KBaliMeTpii. Meromu [OCHiKeHHS —
KBaJIIMETPUYHI.

PesynbraTn. BpaxoByrouw HOpMH (i3i0JOTIYHUX TOTPEO CEepPeaHbOCTATUCTHIHOI
JIIO/IMHU, PO3PaX0BaHO KOMILJIEKCHY OLIHKY SIKOCTI OJTHOPa30BOr0 MpUHOMY TKi, ITPU IEOMY
PO3pOOJICHO TPUPIBHEBY i€papXiuHy CTPYKTYPY CHCTEMH ITOKAa3HHKIB SIKOCTI: OJWHHUYHI
MOKa3HUKH TPEThOTO PIiBHS 3TPYNOBaHI y TMOKa3HUKH SIKOCTi, IO YTBOPIOIOTH APYrHid
PiBeHB iepapXii CTPYKTYpH CUCTEMH, 5IKi, B CBOIO Yepry, 00’ € THYIOThCS Y IEpIIHi piBeHb, a
MOTIM — Y KOMIUIEKCHUI TMOKa3HUK HYJIbOBOTO PIiBHSI, SIKI pa30M XapaKTepU3YIOTh SIKICTh
palioHy XapuyBaHHSI.

Ba30Bi 3HAYEHHS TOKA3HHKIB sAKOCTi (P**’) eHepreTMUHMX, MiHEPATHHUX PEYOBHMH Ta
BITaMiHIB CTaHOBIIATH: s OinkiB — 0,15; »wupis — 0,17; Byrnesonis — 0,68; Hatpiro — 0,45;
kamito — 0,34; kamemito — 0,07; marmito — 0,03; dochopy — 0,11; Tiaminy — 0,02;
pubodnasiny — 0,02; mipunokcuny — 0,02; ackopOinoBoi kucioru — 0,94,
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Koedimientn Baromocri (m) cranoBwiu mist: 6ikiB — 0,50; sxupis — 0,40; ByTIeBoaiB —
0,10; matpiro — 0,03; xamiro — 0,05; kameigito — 0,25; maruiro — 0,50; dochopy — 0,17;
tiaminy — 0,36; pubo¢nasiny — 0,32; nipunokcuny — 0,31; ackopbinoBoi kucnoru — 0,01.

Haii0ispie 3HaYCHHS KOMIUICKCHOTO MOKa3HuKa (K)) 3HaineHo mis cHimanky — 1,60,
MiHIMalbHE 3HaYeHHS — XapakTepHo 1uist Beyepi — 1,09.

BucHoBkn. /[ns 3amaHoro paiiony xap4yyBaHHS BH3HAUCHO KOMILUICKCHI MMOKA3HUKU
SKOCTI JUIsi TPYNH EHEPreTHYHHX pPEYOBHH, MIHEpaJlbHUX pPEYOBHH Ta BiTaMiHIB.
Bceranosneno HaiOinbmn 30ajaHCOBaHI 3HAYEHHS KOMIUIEKCHOI'O ITOKAa3HUKA SIKOCTI, IO
XapaxTepHi 1 Beuepi 3 ominkoro — 1,09.

KuiouoBi cnoBa: xeanimempis, payion, xapuysanms, Hopma.

I4Y-®yp'e-ciekTpocKkonisi B NOEAHAHHI 3 XeMOMETPi€I0 K YHIBepcaJbHMIl iHCTPYyMEHT
JJIS1 OIHKHU SIKOCTi CMasKeHMX MaKapOHHUX BHPOOiB

Taimoop Xaccan Craikx, Capdapas Axmen Maxecap, Cuen Hacpymnax Cxax, Aomyin
Xameen Kopi, Cuen Tydain Xyccain Cxepasi, Cacen Axmen Jlakxo
Hayionanvnuii yenmp niosuwenns keanigpixayii 3 ananimuunoi ximii, Cinocokuui
yHieepcumem, Ilakucman

Beryn. YV nocrmimkeHi MpOBeNEHO OIHKY SIKOCTI CMa)XEHHX Ha JKHpaxX MaKapOHHHX
BUPOOIB, sIKi y 3HAYHIH KiJTBKOCTI CIIO)KHMBAIOTHCS B 0araThox KpaiHax CBITY.

Marepianu i MeTogu. 3 METOIO MOBHOI €KCTPAKIIii O CMakKeHi MakapoOHHI BHPOOH
mijgnaBaau o0poOiii B amapati Cokciera 3 BHKOPHCTaHHSIM TE€KCaHY SK PO3YMHHHUKA.
JKMpHOKKMCIOTHUI CKiIaj MOOYTHX €KCTparyBaHHSM OJiii BCTaHOBJIIOBaJM MeTonoM I X-
MC. [yt po3poOKH MPOCTOi METOAOJIOTIT KITBKICHOT OIIIHKU TPYI )KUPHHUX KHCIIOT Ta IXHIiX
CHiBBI/IHOIIEHb  ITPOBOMIN peecTpalio CHEeKTpiB THX CaMHX 3pa3KiB omii i3
3actocyBaHHsIM MeTony [U-Dyp’e criekTpockorii.

Pe3yabraTu i 00roBopeHHs. Y BCiX JOCTIKYBaHUX 3pa3kaXx CMa)KEHHX MaKapOHHHX
BUpOOIB Oyiio BUsiBIEHO BUCOKHE BMicT xupy (19,77 — 32,99%). Cepen HacuueHUX i
MOHOHEHACHUCHHX JKUPHUX KHUCJIOT MepeBaXKaiy naabMiTHHOBA (34,6 — 47.,%), cTeapuHOBa
(4,76 — 10,6%), oncinoBa (27,2 — 37,0%) i emaimmHoBa kuciotu (12,0 — 24.,%). Y
MOPIBHSHO MEHIIH KUIBKOCTI OyJ0 BHSBJIEHO IOJIiHEeHacu4eHl »xwupHi kucnotu (0,66 —
5,99%). Bucokuii BMICT TpaHC-i30ME€pIiB JKUPHHX KHCJIOT y CMaK€HHX MAaKapOHHHX
BUpo0ax CBIMYUTH TPO BUKOPUCTAHHS TiIPOreHI30BAHOTO JKUPY B Tpoleci ix
npurotryBanHs. CriBBiIHOIIEHHSI Ba)KIMBUX T'PYIl )KUPHUX KHUCIIOT BCTAHOBJIEHO Y MEXax:
0,72 — 1,92 - macuueni XKK/HXK, 0,013 — 0,130 muc-ITHXK/nacnueni KK, 0,1 — 1,81
tpanc-KK/mue XKK, 0,01 — 0,097 muc-ITHXKK/nacuueni XK + TXKK, 27,7 — 37,05 muc-
MHXK + muc ITHXXK/HXK + TXKK. Ha ocHOBiI pe3ynbTatiB, omepkaHux merojoMm [Y-
®yp’e crekTpockorii 1 coiBBigHOIIEHb, Bu3HaueHMX MeroaoMm ['X-MC, po3pobieHi
KajxiOpyBajJbHI MOJeNi Ui KUIBKICHOTO BH3HAYEHHS TPYI JKHPHUX KHCIOT Ta iX
CHiBBI/IHOIIIEHD 13 3aCTOCYBaHHIM XeMoMeTpryHoro merony PLS. Po3pobneni PLS moneni
B 00paHUX Jliama3oHax JOBKHHU XBHJIb BUCOKO KopenrooTs (> 0,99) 3 pezynbraramu I'X-
MC.

BucHoBkm. SIKicTh CMaXCHHX MaKapOHHHMX BHUpOOIB € TpoOIeMO0, o MmoTpedye
0coOJIMBOI yBaru 3 OOKYy KOHTPOJIOIOYHMX OprasiB. 3amporoHoBaHuii meron [U-®yp’e
CHEKTPOCKOMii € IIBUAKWAM, MPOCTHM i TOYHMM IHCTPYMEHTOM ISl KUIBKICHOI OIIHKH
OCHOBHUX T'PYII )KUPHUX KHCJIOT Ta 1X CHIBBiAHOIICHb.
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KurouoBi caoBa: cmaowcenns, maxaponu, ocup, xucioma, IX-MC, IK-®yp'e,
xemomempisi.

Oco01MBOCTi BUKOPHCTAHHSA B MMBOBapiHHi xMe10 Ta CO,-eKkCcTpaKkTy

.. 1 . .
Jlizist Tpouenko', Caitnana JliTBHHUYK”
1 — Incmumym cinocokoeo eocnooapcemea Ionicca HAAH Yxpainu, Kumomup, Yxpaina
2 — Hayionanvhui yHisepcumem xapuosux mexuoaoeii, Kuis, Yxpaina

Beryn. Mera pocnmipkeHHsT TOJsiTana y BUBUEHHI OCOOJNMBOCTEH BHKOPUCTaHHS B
nuBoBapiHHi CO,-eKCTpakTy Ta TOHKOAPOMATUYHOI'O XMEJI0 3 HU3bKUM BMICTOM anbga-
KHUCJIOT, KU MOKe OyTH BiIXOomamMM INpH BHPOOHHMITBI rpaHyn Tumn 45, 1 BUHaWAeHHI
Croco0iB BUKOPUCTAHHSI Ta PalliOHAIEHOTO BXXHUTKY HOT0 IHHUX PEYOBHH.

Marepianu Ta metonu. JlocimimKyBanuch apoMaTH4YHI COPTH XMENO 3 HU3BKUM
BMicTOM anbga-kuciaor, CO,-eKCTpakT Ta INHBO, BHUTOTOBJIEHE 3 HUX. BUKOpUCTaHO
BUCOKOE(EKTHBHY PiJUHHY XpoMmarorpadiro il BU3HAYEHHS KIJBKOCTI Ta CKJIaIy TipKUX
peuoBuH xmeir, CO,-eKCTpaKTy Ta MPOMYKTIB iX MEpETBOPEHHS B MPOIECi MMBOBAPiHHS, a
TAKOX CIEKTPO(HOTOMETPUYHI METOAM KOHTPOJIO SKOCTI TIPKOTH OXMEJEHOr'0 Cyclla Ta
TOTOBOTO ITHBA.

Pesyabratu. [lpu  BukopuctanHi B mmBoBapiHHi  CO,-ekcTpakty  Ta
TOHKOAPOMATUYHOTO XMEJII0 3 HHU3BKUM BMICTOM anb(a-KHCIOT B ONTUMAJIBHUX
CIIBBITHOIICHHSX, MOTI(SHOIN HU3bKOCMOJIBHOI'0 XMEJIO CIPHUSIOTh BHIAICHHIO 3 Cycia
LUISIXOM  KOAryJsiii BHCOKOMOJEKYISIPHUX TMONINENTUIIB 3  YTBOPEHHSM CKJIAIHUX
KOMIUIEKCIB. 3aBASKUA IIbOMY JOCSTAETHCS OUIBII BUCOKA KOJNOIAHA CTIMKICTh NHBa Ta
MiIBUIIYETHCS CTYIIHb BUKOPHUCTAHHS TipKuX peuoBuH Ha 15-20%. Kpami cmakoBi i
apoOMaTHYHI SKOCTI MaJio ITMBO, NMPUTOTOBJIEHE 3 BHUKOPHCTAHHSAM [UIsi OXMEJIHHS Cycia
40% TripKOTH apOMaTHYHOTO HU3bKOCMOJBHOrO xMelto Ta 60% ripkotu 3a paxyHok CO,-
eKCTpakTy. Majo 4uM BiIpi3HAJIOCH NUBO, 1€ EKCTPaKT 1 apoOMaTUYHHH XMUIb Oyio
Bukopuctano B mponopmii 40:60%. Ilomidenomu Ta Oera-pakilis apoMaTHIHOTO
HHU3BKOCMOJIFHOT'O XMEJI0 MO3WTHBHO BIUIMBAIOTh Ha Ipy0y TipkoTy CO,-eKCTpakry,
MOM’SIKIITYIOYM Ta 3IJIaJDKYIOUM 11, poOisyM 3araibHy TIpKOTY TNHBa 30aJaHCOBAHOIO.
Takok TIpy BUKOPHUCTaHHI JaHHUX IPOMOPIINA CIIOCTEPIracThCsi MaKCUMallbHE 3MEHIICHHSI
MOKa3HUKA BUCOKOMOJICKYJSIPHUX IOJIMENTHAIB, IO TPOTHO3YE BHCOKY KOJOIIHY
cridikict nuBa. [Ipu BukopucranHi B nuBoBapiHHi jwuiie CO,-eKCTpaKTy HE MOXKIIUBO
OTpUMAaTH THBO 3 BHCOKMMH CMakOBUMH sKOcTsMH. OpHak, HaJMipHa KUIBKICTh
XMEJBOBHX IOMi(pEHOIMIB MPU3BOJUTH 10 OTPUMAHHS B’SDKYYOro MPUCMAKYy y THBI.

BucHoBkn. ApoMaTMYHHMH XMiNb 3 HHU3BKUM BMICTOM ajb(a-KUCIOT MOKIHUBO
BUKOPDHCTOBYBAaTH B IIMBOBapiHHI K MoOJieHodabHy n00aBky B moexHanHl 3 CO,-
€KCTPaKTOM, BpaxXxOBYIOUM KUIBKICHMH BMICT Ta SKICHMH CKJaJl XMEJENpOIyKTiB Ta
JIOTPUMYIOUHMCH TIPU IbOMY MEBHOT TEXHOJIOT'I.

Karouosi ciioBa: xuine, COy-excmpaxm, nonigpenon, nugo.
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BB M'sicCHOT0 MPOAYKTY 3 eKCTPAKTOM JYIINUHHA HU0y1i Ha MeTadoaivyHmuii
npo¢ines mypis Jginii SHR

Tersina IBaropa', FOumis TouroBeska®, JTroammaa HemyKl, Map’sna PoMaHEeHKO,
. L) 2 3 3
Paica ®epiuxina®, Bagum Carau”, Jlrogmuna Cuneok”, Irop [Ilamosan

1 — Hayionanvnuii ynisepcumem xapuosux mexuonoeiu, Kuis, Yxpaina
2 — Incmumym ghizionoeii im. O.0.Bocomonvys Hayionanvroi axademii nayx Yrpainu,
Kuis, Yxpaina
3 — Incmumym eeponmonoeii im. J].@. Yebomapvosa Hayionanenoi akademii meOuunux
nayx Yrpainu, Kuis, Yxpaina

Beryn. IMomyk HOBUX KOMITO3HILH MPOAYKTIB Xap4yOBOi IIPOMHUCIOBOCTI € BaXKIIUBUM
JUIs KOpEKIii NmopylieHb oOMiHy pedoBuH. Tak mmOysst MicTUTh (pIaBOHOIA KBEPLETHH 3
AHTHOKCHIAHTHOIO 1 KapIiOMPOTEKTOPHOIO JIETO0.

Marepianu ta Meroam. [ roxyBaHHS TBapUH BHUKOPHUCTAHO M'SICHUH HPOAYKT 3
€KCTPaKTOM JIYLINUHHS 110YIi 200 KBEpUETHHY Y €KBIBAJICHTHIN 1031 2,25 MT KBEpIIETHHY.
HlecTuMicsuHi ypH i3 TEHETUYHO AECTEPMIHOBAHOIO apTepiaibHOIo rineprensieto (SHR)
Ha BUCOKO(MPYKTO3HIH mieTi (25%-a KOHIEHTpallist GPYKTO3H y MUTHIN BOJI) BUKOPHCTaHI
JUIS. MOJIEJTFOBaHHsI MeTa0oIiuHUX TopyuieHb. Yepe3 3 Micsli rogyBaHHS BMICT TTIOKO3H
BUMIpIOBAJIN B apTepiajibHiil KPOBi 3a JOMOMOTOI0 IATYUKIB HA OCHOBI aMIIEpOMETPUYHOTO
BuMmiptoBaHHs. Jlimigauii npodink Ia3Mu  Bi3HaYalM  3a (epMEHTaTUBHUMHU
KOJIODUMETPHUYHUMH PEAKIIISIMH.

Pesyabratn i obéroBopennsi. Pienp rmoko3n B kpoBi y SHR 06e3 mieTmunmx
inTepBentii (rpyna II) 6yB Ha 59% BuIe, HIX Y KOHTPOJbHIN Tpymi (8,84 £ 0,3 Mmonb / 11
nporu 5,56 + 0,86 mmons / 1, P <0, 01). Bucokodppykrosna giera y SHR (rpyma III)
MiJBUIYyBaja piBeHb TIr0Ko3u Ha 5% (9,3 £ 0,4 mmons / 1, P> 0,05 nopiBasHo 3 SHR
rpynu II, siki CHIO)KMBaJIM MUTHY BOJAONPOBIAHY BOMY). M'SICHUI MPOAYKT 3 KBEPIIETHHOM
HE BIUIMBAaB Ha piBeHb IITFOK03M KpoBi y SHR Ha BucokohpykTo3Hiit mieti (rpymna 1V) - 9,2
0,8 mmonb / 1, P > 0,05 mopiBasino 3 SHR rpym 111 III. ¥ SHR Ha BucokodpykTo3HIN
TETI, AKI OTPUMYBAIH M'SCHHU TPOMYKT 3 EKCTPAKTOM JIYIINWHHA MOyl (rpyma V),
piBEeHb TJIIOKO3W B KPOBI MaB TCHJCHINIO 10 3HWkeHHA - 8,0 £ 1,0 mmons / i1, P> 0,05
nopiBHsiHO 3 SHR rpynu I11.

3araybHUM XOJIECTEPMH MaB TEHICHI0 a0 30inpiieHHss B Tpymi Il mopiBHsSHO 3
koHTponem (1,36 + 0,10 mporu 1,22 + 0,05 mmons / 1, P> 0,05). ¥V SHR rpynu III
3araJIbHUM XoJecTepuH OyB BHIIE, HiXK y KoHTpodi (1,45 £ 0,09 mmons / 1, P = 0,03), oqHak
He BiApi3HsABcA Bin mokasHuka SHR rpymwm II, ski criokuBaid MUTHY BOXOMPOBIIHY BOMY
(1,45 £ 0,09 npotu 1,36 + 0,10, P> 0,05). V rpynax IV i V 3aranpHuii xonecrepus 0yB
TaKOXX 3HAYHO BHINE, HIK y KOHTponbHiH rpymi (1,52 £ 0,07 1 1,57 + 0,09 npotu 1,22 +
0,05 mmois / 1, P= 0,006 i P = 0,005, BianoBiaHO).

[TixBumenHs 3aranpHoro xonecrepuy y SHR rpym IV i V nos's3aHo 3i 30iIbIIEHHIM
xonectepuHy JiinonporeiniB Bucokoi ryctunu (JIIIBI), ockinbku piBens He-JIIIBIT
XOJleCTepUHY y HUX He 3MiHIoBaBcs. ['onyBanHs SHR Ha BUCOKO(DPYKTO3HIMH Ji€Ti M'sICHUM
MPOAYKTOM 13 €KCTPaKTOM 3 JIYIINHHHS LUOYJIl CYIpPOBOKYBAJIOCS IOCTOBIPHHM
niaBuiieHHsM piBHs xonectepuny JIIIBIT, mopiBasHo i3 SHR rpynu II (1,25 + 0,09 npotu
1,02 £ 0,05, P = 0,03). 36inpmenns xonectepuny JINBI Takoxk cmoctepiraiocst y SHR, ski
OTPUMYBAJIN M'SICHUH MPOMYKT i3 OYMILEHUM ITOPOIIKOM KBEpLETHHY, rmopiBHsHO i3 SHR
rpynu 11 (1,23 £ 0,08 nporu 1,02 + 0,05, P =0,02).
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BucnoBku. I'ogyBanus SHR Ha BucOkOpYKTO3HIH Ai€Ti M’SICHUM HPOAYKTOM i3
€KCTPaKTOM JIYNIITUHHS OOyl TO3WTHBHO BIUIMBA€E HA piBeHb IIIOKO3M. [ligBHIIEHHS
xonecrepuny JIIIBI' y SHR Ha BucokodpykTo3HIil Ji€Ti BimoOpakae aHTHATEPOT€HHHI
e(peKT po3pO0IICHOr0 M'ICHOTO MMPOIYKTY.

KurouoBi cioBa: yubyns, excmpakm, enokosa, 1inio, wyp.

JocigxeHHs BIJIMBY TEXHOJOTTYHUX (PAKTOPIB HA B’SI3KiCTh CHCTEeMH «IMIIeHUYHUM
kpoxmaib-TBin 20 (E432)»

Haranis Mpsiuenko, Citnana FOpuenko
Xapxiscokuil Oepoicasrull yHieepcumem xapuyeants ma mopeieni, Xapkis, Ykpaina

Beryn. Meroto nmaHoi cTarTi € JOCIHIIKEHHS BIUIMBY TEXHOJIOTTYHHX (DaKTOpiB
(TemriepaTypH, IyKpy, JUMOHHOI KUCJIOTH) Ha MOJIEbHY CHCTEMY «ITIIEHUYHUN KPOXMalIhb-
[TAP», sixa € 06a30BOI0 OCHOBOIO ISl peasizalii TEXHOJOrii MYCIB 3 BUKOPHUCTAHHSIM
MIIEHUYHOTO KPOXMAJTIO.

Martepianu Ta MeTomu. B’SI3KiCTh MOJENBHUX CHUCTEM «IIIEHUYHUI KpOXMaib-TBiH
20 (E432)» 3 1mykpoM OULIMM Ta JUMOHHOK KHCJIOTOIO IIiJl BILUIMBOM TEMIIEPATypH
BH3HAYAIIM HA poTaniiHOMY Bicko3umerpi tuny BITH-0,2.

PesyabraTt i o0roBopennsi. Y JitepaTypl € IocTatHbO iH(opmarii mpo mepedir
npolecy KieHcrepu3alii pi3HUX BUJIB KPOXMaJIiB Ta BIUIMBY Ha HBOI'O Pi3HHX (aKTOpiB,
30KpeMa ITOBEPXHEBO-aKTUBHHUX PEYOBUH, KUCIOT, COJIeW, I[YKpY Ta iH., OJHAK BIACYTHI
JIaHi MI0JI0 BIUIMBY IMX PEYOBHH HA CUCTEMY «IIIEHUYHUI Kpoxmanb-TBin 20 (E432)».

Po3ymiHHS 3MiH BIacTUBOCTEH CHCTEMH «IIIEHWYHUI Kpoxmaib-1BiH 20 (E432)» mig
BIUIMBOM DI3HHX TEXHOJOTYHMX (PAKTOPIB JO3BOIUTH CTBOPUTH HAYKOBY OCHOBY IS
peatizarii TeXHONIOorii HOBOI MPOYKIIii 3 MHOMOIOHOIO CTPYKTYPOXO.

VY Xomi AOCHi/KeHb MiATBEpP/XKEHO IOUIbHICTE BukopucraHHs TBiH 20 (E432)
CYMICHO 3 MIIEHHYHHM KPOXMaJEeM B SKOCTI CTPYKTYypOYTBOpIOBada CHCTEMH, SIKHU 3a
PaxyHOK IUHAMIUYHUX (a30BHX MEPEXOIIB 3a TEIUIOBOI OOPOOKHU 3a0e€3MEUUTh HEOOXITHY
B’si3kicTh. [IpucyrHicts B cucremi TBin 20 (E432) cnpusie miABHIIEHHIO TeMIIEpaTypu
KJelicTepu3anii KpoXMasTio Ta 3MEHIIEHHIO [TOKa3HUKIB B’SI3KOCTI HA OYATKY MPOILIECY, MO0
3a0e3reuye yMOBH JUIsl IIHOYTBOP EHHSI.

BHecenHs mykpy O10Oro Ta JIMMOHHOI KHCJIOTH CTPUMYE HApOCTaHHsS B’S3KOCTI B
nmiamazoni Temneparyp 60...65 °C, mnopmanblie IMiABHIIEHHS TEMIIEPATypHU CHpUSE
301JIBIIEHHIO TIOKa3HHKIB.

TakuM YMHOM, palliOHATBHUMHU IIapaMeTpaMu MOJEIBHOI CHCTEMH «IIIICHUYHHN
kpoxmainb-TBiH 20 (E432)», mo 3abe3neyath ONTUMAIbHY B’SI3KiCTh, sSKa HEOOXITHA JJIA
ofiep)KaHHS BHCOKHMX IIOKa3HHMKIB 3 ITIHOYTBOPIOIOYUOi 3AaTHOCTI MiJ 4ac 30MBaHHS €:
koHuentpauis Tsin 20 (E432) — 0,25 %, mueHnynoro Kkpoxmamo — 6...12 %, mykpy Ginoro
— 10,0 %, temneparypa 30uBanHsa — 60...65 °C. Jlani mapaMeTpu J03BOJSATh OTPHUMATHU
MyCH 3 BUKOPHUCTaHHSIM NIIEHWYHOro kpoxmaimro Tta TBiH 20 (E432) 3 HoBuUMH
CHOXXUBYAMH XapaKTEPUCTUKAMU 32 PaxyHOK peaiizamii (yHKI[IOHaJIbHUX BIIACTUBOCTEH
MIIeHNYHOro Kpoxmaito Ta [TAP.

BucHoBkn. BuszHaueHO Ta OOIpYHTOBAHO pAIliOHATBHI MapaMeTpHd TEPMOOOPOOKU
MOJIETIbHUX CUCTEM 3 BUKOPUCTAHHSAM HIIEHUYHOro Kpoxmaio Ta TBin 20 (E432) 3 meroro
3a0e3reueHHsT HaWMEHIIMX ITOKAa3HUKIB B’S3KOCTI, MIO CIPHUATHME MaKCHMaJbHIH
MIHOYTBOPIOIOYIN 3ATHOCTI Ta TO3BOJIUTH PEali3yBaTH TEXHOJIOTII0 MYCIB.

KurouoBi ciioBa: kpoxmans, 6 sskicme, Tein 20 (E432), yykop, kucioma.
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OOrpyHTYBaHHSI YMOB OTPUMMAHHS MOPUCTUX BYIJIeleBUX MaTepiatiB i3 miposizoBannx
JiepeBHUX BiaxoaiB MeTonom ximiunoi akrusamii 3 H;PO,

Oner Ky3bMmin', Tersta [llenapui’, Banentnua 3yokosa’
1 - Hayionanvnuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina
2 - Incmumym ¢hizuxo-opeaniunoi ximii ma eyeneximii imeni JI.M. Jlumeunenxa HAH
Yipainu, Kuis, Ykpaina
3 - Vuieepcumem imeni lna Koxanoscvrozo 6 Kenvyax, Kenvye, Ilonvwa

Betyn. Metoro nyOumikaiii € Momryk aqbTepHATUBHUX MaTepiajiB — BiZIXOAIB Xap4yoBOi
MIPOMUCIIOBOCTI; OIiHKA MEPCHEKTUBHOCTI IX BUKOPUCTAHHS IPH BUPOOHUIITBI HMOPUCTUX
ByruenieBux Matepianis (IIBM) aist BUKOPHCTaHHS B CHCTEMaX BOZOIIITOTOBKH.

Marepianu i meromu. IlipomizoBani nepeBni Biaxomu (I1JIB) wm’scomepepoOHOi
MIPOMHUCIIOBOCTI SIK CHPOBMHA JUIS BUPOOHUIITBA copOeHTIB. XimiuHa aktusamis [1/IB
opTodhocopHOO KHCIO0TOR. MeTomoM ancopOilii-aecopOriii a30Ty BHU3HAYAIU MOPUCTY
CTPYKTYpY mipu TeMmiiepatypi 77 K; posmonia Me3omop 3a po3Mipamu i 00'eM Me30mop —
MeronoM BJH; po3nonin Mikporop 3a po3Mipamu — merogom QSDFT; o0'em Mikporop —
MetoaoM JlybiniHna-PagymkeBuda; 00'eM cyoHaHomop — metonoM QSDFT.

PesyabraTu. MikporopucTa CTpyKTypa Ma€e HaCTYITHI XapaKTEpUCTUKU: JiaMEeTPH MOp
3HAXOIAThCA Y miamaszoni D,,=0,60-2,5 HM, sKi HaHOLIBII BCHOTO MPEACTABICHO TIOPAMH 3
nmiamerpoM 0,87; 1,56 uM; 00’eM mikporop — V,,=0,091 e’/ nudepeHIiaTbHu 00’ eM
nop dV,,/dD=(0,021-0,166)-107 cM’/HM'T; 4acTKa MIiKpOIOp y 3araibHOMy 00’€Mi mop
ckiaanae 49%. 3rigHoO pO3MOAUTY MIKPOIIOp 3a pO3MipaMH MOXHA BUAUTUTH O0JIACTh
3HaueHb D,,=0,5-2,5 uM 3 ngBoma Makcumymamu: mpu ~ 0,9 M Ta mpu ~ 1,6 HMm.
Me3onopucra CTpYKTypa Ma€e HacCTYIHI XapaKTEepUCTHKH: J[laMEeTpU TOp 3HAXOIATHCS Y
nmiana3oni D,,.=3,3—50,0 HM, sKi HaWOLIBII TPEACTABICHO MOpPaMH 3 JIiaMeTpoM 3,69 HM;
06’eM Me30mop BapitoeThes B iHTepBam V,,=0,005-0,049 cm’/r; mioma moBepxHi mop —
S,=5,7-28,0 M*/r; mubepenuiansunii 06’eM mop dV,,/dD=(0,06-2,58)-10" oM /EM-T;
nudepenmianeia mroma mop  dS,/dD=(0,001-0,305) M*/HM'T; dYacTKa MeE30mOp Y
3aralbHOMy 00’eMi mop ckmamae 3-26%. Kpusi mudepenmiampHoro o0'eMy mop Ta
JmudepeHIianbHOl o HmoBepxHi mop i inTepBany D=15,3-50,0 HM 3HaxomsThCs Y
cTalioHapHoOi obinacti, a B iHTepBani D=2,5-15,3 HM cIlOCTEpIira€ThCs OJUH MakCHMyM B
toumi 3,69 HM, SKMHA pO3TallOBaHO B 00JacTi MEHIIMX JiaMeTpiB MOp IpH
mudepenuianbaomy 06’emi mop dV,,./dD=2,58-10" cm*/um-r. Tlpn upoMmy HaitGinbuia
KUIBKICTh ME30IIOp TOBOJIUTHCS Ha miana3oH D=2,5-15,3 uaMm. HaBexeni maHi cBiguaTh, 10
3aIporoOHOBaHMi croci0d n03Boisie oTpumyBatu [IBM 3 BUCOKMM KOe(illiEHTOM BHXOIY
87,6%. Ilpu mpomy orpuManuii [IBM wMae HH3BKI TOKAa3HHKH ITHTOMOI ITOBEPXHI
SpEr=257,0 M*/r Ta mOpOBHiT IPOCTip — cymMapHuii 06'eM mop Vs=0,187 cMm/T.

BucnoBku. BropunHi «moHoBioBaH» pecypcu — [1/IB 103BONSAIOTH OTPUMYBATH
[1BM i3 HU3BKMMU €HEPrOBUTPATAMU JUISI BAKOPUCTAHHS B CUCTEMAaX BOJIOIIATOTOBKH.

Koarou4osi ciioBa: miposi3, BiJxij, akTUBallis, HAHOIIOPA, aCOPOCHT.

Busnauyenns cTpyKTypH i MopgoJiorii KoMILUIeKkciB HUKI0AeKCTPHHIB 3 HogoM

Maxkcum Ionym6puk', Bacuis ITacianmii’,
Xpuctuna Omenbuenko', Onekciit BumHeschkuii’

Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina
Tuemumym eeoximii, minepanoeii ma pyooymeopenns im. M.I1. Cemenenxa, Kuis, Yxpaina

Beryn. OO'exkToM mocnmipkeHb € JOCTiKeHHS MOp(oiorii HMOBepXHI KOMILIEKCIB
BKIIIOUYEHHS MDK 0O- Ta [-IUKIOJEKCTPUHAMU Ta MOJIEKYISIPHUM HOMOM, a TaKoX
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BU3HAYEHHS! Y OTPUMaHHMX KOMIUIEKCAX CTEXIOMETPHYHOTO CIHiBBIJIHOIIEHHS MK LUMH
CKJIaZIOBHMH.

Marepianu i metonu. Komiiekcu rictb-xassiiH MiX o- Ta B-IMKIOAEKCTPHHAMH Ta
Homom OynM CHHTE30BaHi 3TiJIHO 3 METOJMKAMH, HABEIECHUMH B JiTepaTypiMopdororis
3pa3KiB TOBEpXHI Oyjia JJOCHi[PKeHa 3 BHKOPHCTAHHSM CKaHYIOUYOTO €JIEKTPOHHOI'O
Mmikpockonia JSM-6700F (JEOL, Snownis). Ha mnoBepxHIO 3paskiB, momnepeaHbo, OyB
HAaHECEHWH Imap IUIaTUHA ToBIIMHOK 10 HM. 3HIMaHHS 3pa3KiB MPOBOAWIN IpU
npUcKopeHii Harpysi 15 kB Ta Tori 30512 0,65 HA.

Pesyabratn i obroopennsi. s jgocmimkeHHss Mop¢oiorii Ta CTPYKTYpHHX
BJIACTHBOCTEH OTPUMAaHUX KOMIUIEKCIB OyB BUKOPUCTAHHN METOJ CKaHYIOYOl eIEeKTPOHHOI
mikpockorii (CEM). Lieit MeTox IMPOKO 3aCTOCOBYIOTh ISl aHANI3Y MAKPOMONEKyI. Moro
BUKOPHCTAaHHS JTO3BOJISIE TOYHO BU3HAYMTH EJIEMEHTHHH BMICT B 3pa3kax. Pe3ynbraTtn
IIOJI0 BMICTY HOIy B KOMIUIEKCaX BKIIOYEHHS 3 O- Ta [-IIMKJIOAEKCTPUHOM, OTPHMaHi 3
Meronamu CEM Ta HOOOMETPHYHOrO TUTPYBAaHHS Maike TOTOXHI. 3HaiIIeHO, 10 BMICT
rony B komiuiekci B-1[JI-I, 3Haxomuthcs B Mexax 16,7-16,9 %, B toit yac sk o-11JI-I,
Mictuth 18,0-19,9 % aktuBHOTO Homy. [leski BIIMIHHOCT] Y 3HAUSHHSX KOHIEHTpaIlii Hoxy
y o-11JI-I,, oTpuMaHuX TBOMa METOAAMHM, MOKE TIOSICHIOBATHCH OLIIBIIION aJIcOpPOLi€r0 BOIU
Ha MOBEPXHi KOMIUIEKCY, 1[0 IPUBOANUTH O 3MEHIICHHS KOHLEHTpalii Hoxy Ha MOBEpXHIi
3pa3ky. ExcriepuMmeHTanpHi 1aHi 00 BMICTY HOMy B KOMIUIEKCaX BKIIIOYEHHS BKa3YIOTh
Ha Te, IO O- Ta PB-IHUKIOAECKCTPUHHU pearyioTh 3 Kl; , 1m0 NpU3BOAMTH 10 YTBOPEHHS
KOMIUIEKCY TiCTh-Xa3s{H, 3 BETMYUHOIO XIMIYHOTO CTEXiOMETPHYHOIO CITiBBiTHOMIEHHS 1:1.
Amnati3z MopdoItorii MoBepXHi 3pa3KiB KOMIUICKCIB, 3podieHuit MeToqoM CEM Bkasye Ha
YTBOPEHHSI KPYITHUX KPUCTAIIYHUX CTPYKTYp, HETHIIOBHUX JJIsl OPraHiYHUX IOJIMEPHUX
croiayk. IlopiBHSUTBHI  JOCHTI/DKEHHS BKa3ylOTh Ha T€, MO  CHIBBIJHOIICHHS
LUKJIOJEKCTPUHY Ta HOMy B OTPUMAaHUX 3paszkax cknagae 1:1. IlingrBepmkeno, mo ojHa
MOJIEKyJa IUKJIOJEKCTPHUHA 3B'SI3y€ OAHY MOJIEKYJY HOIYy, YTBOPIOIOYH KOMILIEKC TiCTh-
Xa3siH.

BucnoBkn. Kowmmnekc B-umknonekcrtpud-I, Brpawae 9 % akTtuBHOro nony mnpu
TpuBanoMy 30epiraHai npotsiroM ogHoro poky mpu 4 °C. [lokazaHo, 10 BMicT HOTy MOXKHA
BuszHauntu y o-IJ-I, Ta B-LIJ-I, Moxe Oyrn BH3Ha4eHWH NpPH BUKOPHCTAHHI JOCHTH
MPOCTOTO 1 IIBHAKOIO METOAY HOJOMETPUYHOTO THTPYBAHHS, IO € BaXIIUBOIO
BJIACTHBICTIO 3a3HaYEHMX KOMIUIEKCIB TPH iX MOJAJbIIOMY BHUKOPHUCTaHHI B XapyOBUX
TEXHOJIOTISIX.

Karwu4oBi cioBa: ckauyloua enekmponna MIKpOCKonisi, mopgonocis, noeepxus,
YUKTOOEKCMPUH, 1100, KOMNIEKC BKIIOUEHHS.

bioTexHonoris, Mikpo6ionoris

AHTUMiIKPOOHA akTUBHicTH mITaMiB Lactobacillus plantarum miono naroreHis
Salmonella

JHecicnara Tanesa, Pocira /lenkora, borman ['opaHos,
3anpsHa [lenkora, ['eopri Kocros
Vuisepcumem xapuosux mexnonoeit, Ilnosous, Boreapis
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Beryn. MonoyHokucni Oakrtepii mij 4yac QepMeHTanii BHPOOJISIOTH Pi3Hi CIIOIYKH
(opraHiuHi KHCIOTH, [ialleTWi, TEepeKuc BOJAHIO 1 OakrtepionmHu). Bci BOHM MOXYTh
MPOTHUISATH 3POCTAHHIO JISSIKUX THIJIBHUX 1 TATOT€HHUX OaKTepiil y Xap4oBHX MPOIyKTaX.

Marepianu i mMeromm. i1 BU3HAYCHHSA aHTUMIKpPOOHOI akTUBHOCTI Lactobacillus
plantarum D1 1 Lactobacillus plantarum D2 mono Salmonella sp. i Salmonella abony
ATCC 6017 BHKOpUCTAHO METOJ CHIBKYJIbTUBYBaHHs. JIOCTI/UKEHHS IPOBOAMIINCH 3a
CTaTUYHHUX YMOB 3a Temrepatypu 37+£1°C mpotsarom 72 roaus, npodu BinOupamucs Ha 0,
12, 24, 36, 48, 60 i 72 roguHax, KOHTPOJIOBAIUCS 3MIHH B THTPYBaJIbHIA KHCIOTHOCTI Ta
KOHLICHTpAIIis )KUTTE3IATHUX KIITHH 000X MaToreHiB i mrramiB Lactobacillus Plantarum.

Pesyabratu i o6roBopennsi. Ilig uyac omHOIITAMHOIO KYJIBTHBYBAHHS KOXHOTO
mramy Lactobacillus Plantarum i kokHoro mramy Salmonella Bucoka KOHIEHTparlis
JKUTTE3NATHUX KIITHH JOCATAEThCS Ha 24-H TOAMHI M MATPUMYETHCS JO KIHIT
KyJIbTUBYBaHHsS. Y CIIBKYIbTUBYBaHHI KokHoro mramy Lactobacillus Plantarum i
koxHoro mramy Salmonella, mram Lactobacillus icTOTHO He 3aJ€KHUTh Bifl HasABHOCTI
Oynp-sikoro 3 mramiB Salmonella. Ane 4MCIO KXUTTE3NATHUX KIITUH 30yIHUKIB 3HAYHO
3HW)KYETHCS, CKOPOYEHHS CTa€ IMTaMocrelipiuHuM. Y CHiBKYJbTHBYBaHHI KOXXHOTO
mramy Lactobacillus Plantarum i Salmonella Abony ATCC 6017 xoHueHTpamis
KHUTTE3JATHUX KIITHH IITaMy MAaTOreHHUX MIKpOOpraHi3MiB 3HMKYBajacs 10 60-i rognHu.
VY chiBkynbTHBYBaHHI KokHOro imTamy Lactobacillus Plantarum i Salmonella sp.
KOHLISHTpALlSl KUTTE3MATHUX KIITHH IITaMy IaTOT€HHUX MIKPOOPTaHi3MiB 3HIKYBallacs
mo 72-i romuuu. BusABIeHA aHTUMIKPOOHA AaKTHBHICTh BHHHUKAJNa BIAMOBIAHO M0
3aKHCIICHHSl CEpeJOBHIA Yepe3 BUPOOHUITBO 1 HAKONWYEHHS MOJIOYHOI Ta IHIIMX
OpTaHiuYHHUX KHCIIOT.

BucnoBkn. OrmmcaHa aHTHUMIKpOOHa aKTHBHICTh € HEOOXIJHOIO YMOBOIO JUIS
MOAAJBIIMX AOCTI/KEHh MNPOOIOTMYHOrO TOTEHIialny IBOX IuTamiB Lactobacillus
plantarum nns BKIIOYEHHS X A0 CKiany NpoOiOTHYHHMX TpenapaTiB 1 crapTepiB s
poOioTHYHHX (PYHKITIOHABHUX MPOAYKTIB XapuyBaHHSI.

KarouoBi caoBa: mpobiotux, Lactobacillus, namoecen,  anmumikpoOHuil,
CNIBKYIbINUBY6AHHSA, CATLMOHENA.

Mpouecu i o6nagHaHHA XapyoBMX BUPOGHULTB
OCcMOTHYHI THCKH B cepelOBHIIAX OPOANIBHUX TEXHOIOTIi

Coxonenko Anatomnii, [lleBuenko Oxnexkcannp, MakcumeHnko IpuHa,
Binniyenko [uHa, Koctiok Bonogumup
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IlpoBeneHi mocmipkeHHST 3 METOIO CTBOPEHHS (I3UYHOI 1 MaTeMaTW4HOI
¢dopmatizamii 3MiH XiMIYHOTO CKJIaAy CEpeIOBHINA, HOro €HEePreTHYHOro IMOTEHINANy 1
OCMOTHYHHX THUCKIB.

Marepianu i merogn. Matepiany i METOIU JOCITIDKEHHSI BH3HAYAINCS HAa OCHOBI
MEeTH 1 3aJa4 TEOPEeTHUYHHMX IIOIIYKIB, IO BHKJIIOYAJIO HEOOXiTHICTh BHUKOPUCTaHHS
¢i3n4HUX MartepialiB, a 3a 0a3y JOCIIKEeHb BUKOPUCTOBYBAIUCS BiJJOMi 3aKOHOMIPHOCTI
aHaepoOHHMX MpoIeciB OpOJiHHSA Ta (EHOMEHOJOTIYHI MIpKYBaHHS 3 HAaOJIMXKEHHSIM [0
TIOJIO’KEHb TEPMOIUHAMIKH.

PesynbraTi i 00roBOpeHHs. PO3TismacThcs BUKOPUCTAHHS 010XiMIYHOI aKTHBHOCTI
MIKpPOOpraHi3MiB y OpOAWIIBHHX BUPOOHHMITBAaX, Yy SKHUX BXIJIHI CHPOBHHHI MOTOKH
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TpaHCPOPMYIOTbCS 3 AECTPYKUIHHUMH BIUIMBAMH 1 YTBOPEHHSM pPEYOBHH 3 DI3HHUMHU
MOJIGKYJSIPHUMU MacaMH. Taki MpoLecH MOXYTh BBaXKATHCS CAaMOIUIMHHUMH 1
HE3BOPOTHUMH, III0 O3HAYA€ MPUCYTHICTh EHTPOMIMHUX BTpaT y (opMi TEIUIOBOI €Heprii.
Pa3zoM 3 TMM necTpyKuUiliHI BIUIMBU CYNPOBOMXKYIOTHCS YTBOPEHHSIM PEYOBHH 3 MEHIIUMHU
MOJICKYJSIPHUMU MacaM¥, IO IPUBOAMTH JO 3pPOCTaHHS OCMOTHYHUX THCKIB B
KYJIbTYpaJIbHUX cepefoBHIIax. [OCATHEHHS KPUTHYHHMX ITOKA3HUKIB OCTaHHIX THPHUIUHSIE
nojajiblr OiOXiMI4HI TEPEeTBOPEHHS! 3 JOCATHEHHSIM OaKTepioCTaTWYHUX 1, HAaBiTh,
JeTanbHUX e(eKTiB moao Mikpoduopu. EHepretuune 3a0esnedeHHs mepediry Imx
MIPOLIECIB JOCSTAETHCS 38 PAXYHOK XIMIYHOI €Heprii BHCOKOMOJIEKYIISIPHUAX CIHOJIYK BX1JIHHX
MaTepialbHUX MTOTOKIB.

[Nepexix Biag pO3YMHIB 3 YiTKO BU3HAYEHOI CTPYKTYPOIO IO CEPEIOBHIN XapyoBOi i
MIKpOOIOJIOTiYHOT TPOMHUCIOBOCTEH O3HAa4Yae CYTTEBE YCKIATHEHHS IpH BHU3HAYEHHI
OCMOTHYHHX THUCKIB. Ile MOsICHIOEThCS, mmo-Tepiie, Oe3NepepBHOI0 JIMHAMIKOI 3MiHH
CKJIaly CEpPEIOBHUIIL i, TO-APYTe, MPUCYTHICTIO CYKYITHOCTI PEYOBHH IEPEXiTHHUX MPOIIECIB.
3anpornoHoBaHO 10 BUKOPHCTAHHS y BH3HAUEHHSX OCMOTHYHUX THUCKIB TPHHIMITY
Cymeprio3uilii. B 0CHOBY Takoro mojokeHHs MOKJIaJeHO BioMy iH(OpMAIlifo Mpo Te, IO
BCl TIEPETBOPEHHS 1 CHHTE3 IMPOMDKHHMX PEYOBHH BiAOYBAIOTHCS HA DIBHI EHIOTCHHHX
MpOLIECiB B KIITHHAX JApDKIKIB. BigmivaeTbcs e(peKTUBHICTH oOprasizamii MNpoleciB
(YHKI[IOHYBaHHSI OlOJIOTIYHUX CHUCTEM BiJ] CTaloOCTi IIOKAa3HUKIB CEpelOBUI 3
BpaxXyBaHHSAM 30BHIIIHIX BIUIMBIB 1 BaXJIHMBICTh HANPSIMKIB OCMOMOJIEKYIAPHOI audysii.
KoiraTiBHI BIaCTUBOCTI PO3UYHHIB KYJIBTYPaJbHUX CEPEIOBUIL 3MIHIOIOTHCS MPOMOPLIHHO
MOJISUTBHOCTI PO3YMHEHOT PEYOBUHH.

BucnoBkn. OCMOTHYHI THCKM PO3YMHIB PEYOBHH, IO YTBOPIOIOTHCS B PE3YJNIbTATI
XiMiYHHX Ta OIOXIMIYHMX peakiliif, NPONOpPIiiHI 3piBHIOBAIBHUM Koe(illieHTaM Yy
BIIMOBITHUX PIBHAHHAX, @ 3MIHA OCMOTHYHHMX THCKIB O 1 Micis mepediry XiMidHHX 1
010XIMIYHMX peakIiii BU3HAYAIOTHCS 3MIHAMH KiJIBKOCTEH MOJIEKYISIPHUX CTPYKTYp, IO
YTBOPIOIOTHCSL.

KirouoBi ciioBa: 6poodinms, muck, amokosa, emuiosuti Cnupm.

3MmiHa pizuko-XiMiYHUX MapaMeTpiB piaKkuX GiHAPHHUX CHCTEM MiJ BILIMBOM
3HAKO3MiHHMX iMIIyJILCiB THCKY

Ipuna JlyooBkiHa
Inemumym mexniunoi mennogpizuxu Hayionanvhoi akademii nayx
Yipainu, Kuis, Ykpaina

Beryn. IIpoBeneHi nocmipkeHHS 3METOI0 BU3HAUESHHS BIUTUBY O0€3peareHTHOr0 METOY
0o0poOyieHHsI, a caMe 3HAaKO3MIHHHMX IMITYJIbCIB THCKY Ha 3MiHY (i3MKO-XiMiYHHX
rapameTpiB piKUX OIHAPHUX CHCTEM.

Marepianu Tta Merogu. PeanizoBaHO BIUIMB 3HAKO3MIHHUX IMIYJIBbCIB THCKY Ha
OiHapHi cHCTeMU: BOAYy Ta BOJHO-CTAHONBHI CyMillli, B MIMPOKOMY Iiara3oHi
KoHLeHTpauiit Big 5-90%. Jl1s BuBUeHHs 3MiHM (i3HKO-XIMIYHUX HapaMeTpiB OiHapHUX
CHCTEM  BUKOPHUCTOBYBAJIWCh  METOAM  HPsAMOI  IOTeHIioMeTpii  (ioHOMETpIi).
ExcniepuMeHTaNIbHI JOCIIDKEHHS 3pa3KiB BHKOHAHI 3 BHKOPHUCTaHHSAM J1a00OpPaTOpHOIO
BUMIpIOBAILHOIO oOnaaHanHs: pH-merpa-mimtiBonsTMerpa pH-150M Ta okcumerpy
EZODO PDO-408.

Pesyabratn i obroBopennsi. Ilin BruMBoM 0O0poOJIeHHS 13 3aCTOCYBaHHSIM
3HAKO3MIHHHUX IMITYJIbCIB THUCKY PIAKHX OIHapHUX CHCTEM, TaKuMX SK BOJa Ta BOIHO-
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€TaHOJIbHI CyMilli BigOyBa€ThCsl IHTEHCHBHE 3HEKHCHEHHsS. BenuuuHa 3HIDKEHHS
KUIBKOCTI PO3YMHEHOI0 KHCHIO y BOJII Ta BOIHO-CTAHOJBHUX CYMIIlIaX y MOPIBHSAHHI i3
MOYaTKOBUM BMIiCTOM CTaHOBUTH Maiike 50-55%.

BcraHoBIEHO 3MiHY BOIHEBOI'O TOKAa3HHMKAa VY JUCTHILOBaHIM Boai Ha 13%, y
TIOPiBHSIHHI 13 TIOYaTKOBUM 3HAYEHHSM, a Y BOJ, MIITOTOBJICHIN 32 TEXHOJIOTIEIO JIIKEPO-
TOpLTYaHOTO i IIPUEMCTBA, 3pOCTaHHSI BOIHEBOr0 MOKa3HUKa BifnOyBanock Ha 14—14,5%.

BenuunHa OKMCHO-BITHOBHOTO IOTEHIATY Y ITOPIBHSHHI 13 MOYaTKOBHUM 3HAYEHHSIM
3um3miach Ha 20-60%, 3amexHo Bij 4yacy oOpoONEeHHS 3HAKO3MIHHUMH IMITYJIbCAMHU
THUCKY.

Bcranosiena 3MiHa (i3MKO-XiMIYHHX HapaMeTpiB BOJHUX CHCTEM IIPU 3aCTOCYBaHHI
00po0IIeHHsT BUCOKOYACTOTHUMH OCHMIISIIISIMH, 110 MOYKHA TOSICHUTH 3MIHOIO peaKIiiHOl
3JIaTHOCTI, BHACIIIZIOK iHIIIFOBaHHS IIEPEHOCY MPOTOHY B aCOLIHOBAaHHUX PiJUHAX, TAKUX 5K
BOJIa, ai(paTHYHI CIMPTH Ta BOIHO-ETAHOJBHI CyMillli 3 PI3HUM BMICTOM €TaHOIY, a TAKOX
YTBOPEHHSI CITKM BOJHEBHX 3B’S3KIB, IIO B CBOIO YEpry BIUIMBAE€ HA CTPYKTYPHY
Oprasisailiro Ta OyJI0BY.

BucnoBku. bespeareHTHHii MeToa OOpOOKHM BOJM 1 BOJHO-€TAHOJIBHUX CyMilled 3
BUKOPHCTaHHSIM POTOPHO-IIYJILCALIMHNX amnapariB MOX€ B 3HAa4yHIH Mipi CKOpOTUTH
TPHUBAIICTh MPOLECY 3MILyBaHHs, 3HU3UTH €HEPrOBUTPATH, MiABHIIUTH NPOAYKTHBHICTH
Ta 3aMiHUTH MIEPIOJUYHHHN CIIOCIO 3MillTyBaHHsI Ha Oe3MepepBHUI.

KurouoBi ciioBa: 600a, emanon, cymius, muck, imMnysc.

ExoHoMiKa i ynpaBniHHA

OnuTyBaHHsI TPOMAJICBKOI JYMKH CIOKHBAYiB 11010 MAPKYBAHHS XapYOBUX
npoaykTiB B Pecny6uini Makenonist

T'ope HaKOBl, Hacrs IBaHOBal, Cranka )laMﬂHOBal,
Bixropis CtomaHoBchka®, JTronka Hecinosa’®
1 — Pycencoruil yniepecumem «Aneen Kanuesy, @inis 6 m. Pazepao, boneapis
2 — Bimoncwkuil ynisepcumem « Cesmutl Knumenm Oxpiocekuily, TexHiko-mexHono2iuHul
¢axynomem 6 m. Benec, Pecnybnixa MakeOonis
3 — Healthy Food by Zegin, Cxon’e, Pecnynixa Maxeoonis

Beryn. CnoxxuBad noBrHeH OyTH NpoiH(GOPMOBAaHUI TPO SKICTh 1 XapaKTEPUCTUKH
NpUAOAHOTO XapyoBOr0 NPOAYKTY, IO MOXIIMBO JIMIIE 32 YMOBH IIPaBHJIBHOIO
MapkyBaHHs. [IpoBeZeHO MOCTIIKEHHS 3 METOI BUBUEHHS IYMKH CIIOKHBAYiB IIOJO
MapKyBaHHs XapuoBUX NPoAYKTiB B PecrryOmitii MakenoHist.

Marepianu i metonu. Orisn 31iHCHIOBABCS METOAOM €JIEKTPOHHOTO OIMHUTYBaHHS
200 oci0 i3 13 pizHux MicT y MakenoHii. Y4YacHHKH ONHUTYBaHHS PO3JiIEHI Ha M'STh TPyl
3aJIe)KHO BiJ BiKy: g0 19 pokiB, 19 — 25 pokiB, 26 — 32 poku, 33 — 50 pokiB Ta noHan 50
POKiB.

PesyabraTu i odroopenns. Ilig yac BuOOpY NMpOIOBOJIBYMX TOBAPIB OLIBIIICTH
PECIIOH/IEHTIB, HE3aJIeKHO BiJ BiKY, YMTAJIHM NPEICTABICHY Ha E€TUKETKax iH(pOpMAIiio
IOJI0 MPOAYKTY. IHma mpoGiema monsrae y BHKOPUCTaHHI 0araTthboX HUQpP 1 3HAKIB 3
HEBIIOMUM 3Ha4YECHHSIM, a TAKOXX 3HAKOM «E» Ha ynakosui. [Iyis BCix peclOHIEHTIB TepMiH
MIPUIATHOCTI TIPOJMYKTY Ma€ OUTBIIMHA BIUIMB IIiJ Yac BUOOPY NPOIYKTIB, HIX BapTiCTh
nponaykry. EHepreTryHa miHHICTh MPOAYKTIB 1 BMICT COJIEH y HUX HE Ty)Ke BasKJIMBI ITi]] 4ac
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BHOOPY NPOAYKTY. BCi peCHOHAEHTH 3TONHI, IO SKIIO XapuOBHHA MPOMYKT MiCTHUTh
KOMIIOHCHTH, SKi MOXKYTh ITIOCTaBUTH IIiJl 3arpo3y 3IO0pOB'sS JIONWHH, BiH Mae€ OyTH
HAJICKHUM YUHOM IPOMapKOBaHWM. PecmoHAEeHTH BBaXkaroTh, IO Oyno 0 Kpaiie, SKOU
€THKETKA, 3a JOIIOMOI'0I0 SIKOT MPOAYKT MapKYEThHCS, MiCTHIIA TIEPEITiK TPYITH CIIOKUBAYIB.

BucHoBkn. CrioxxuBadi Il 4ac BUOOPY XapuoBOro MPOIYKTY 3BEPTAIOTh yBary Ha
MapKyBaHHs MPOAYKTY Ha €THKETI. J[JI1 peCIOHACHTIB Ma€e BEIHMKE 3HAUCHHS HAsSBHICTh
iH(opMaIlil 00 MPU3HAYCHHS MPOMYKTY IS MEBHOI TpymH. Y TOH XK€ Yac BaKIMBO
M IBUILIMTHA O0I3HAHICTH CIIOKHBAYIB 3 YHCIAMM, CUMBOJAMU 1 IMO3HAYKAMU Ha €THKETKax
XapYOBUX MPOIYKTIB.

KurouoBi ciioBa: maprysanns, xapuysanms, cnoxcusay, onumyeamnts, MakeOooHis.
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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 crateii — aHIITIHChKA, YKpaiHChKa, pOoCifchKa

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 PO3ALIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchoBku
. Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JIOAABaTH iHIII PO3/iIK Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABTopchka moBinka (IIpi3Buie, iM’st Ta 10 6aTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, IO AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHAITY.

PucyHkn BHKOHYIOTbCS siKicHO. CKaHOBaHI PUCYHKM He INpPUHMAarOThCs. Po3Mip Tekcry Ha
PHUCYHKax 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 (aiiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTI Ta Ha rpadikax INO3HAYAIOTHCA JATHHCHKUMU
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 ogopmiieHHS CHUCKY JiTepaTypHu

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 crarri, HazBa :xypnaay (kypcuBom), Tom
(HOMep), CTOPiHKH.
I[HiIiany MUITYThCS TICIS HPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
1. Tlpuxnan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocujIaHHA HA KHUTY:
ABTopHu (pik), HazBa kuuru (kypcusom), BugaBuunrso, Micto.
I[HiIiany mUITYThCS TICIS HPi3BHIIA.
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. [licns odopmiieHHs
JIAaHUX 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 POCIHCHKOI — CTaHAapT
MB/] (B 1ux craHmapTax BUKOPHCTOBYIOTHCS CHMBOJIH JIMILE aHTITIHChKOro andasity, 6e3
XBOCTHKIB, ariocTpodiB Ta iH).

3pyu4Hi caiiTi 115 TpaHcaiTepanmii:

3 ykpaincekoi MoBH — http://translit.kh.ua/#lat/passport

3 pociticbkoi MoBH — http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukiiag opopmJeHHs CTATTI — HA CAMTI

http://ufj.ho.ua

CTaTTs HAJACUJIAETHCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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VK 663/664
Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi cTarTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka 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 HPOAYKTIB

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

PesynbpraT 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, npencrasieHi s IyONliKyBaHHS B
«Ukrainian Food Journal», npoxomsits «IlonsiiiHe ciine perieH3yBaHHS» BOMa BUYCHUMH,
MPU3HAYEHUMH PENAKI[IfHOI0 KOJIETIi€I0: OJIMH € YJICHOM PENKOJIerii 1 OAWH He3aJeKHUN
YUEHHH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTA HE € MOPYIICHHSIM OY/Ib-
SKHX aBTOPCHKMX IIpaB, Ta BiJIIKOJOBYIOTh BHIABIIO MOPYIIEHHS JaHOi TapaHTil.
OnyOnikoBaHi MaTepianu € npaBoBoto BiacHicTio BuaBlg «Ukrainian Food Journaly,
SIKIIO HE Y3TOJDKEHO 1HIIE.

MoniTuka axagemiunoi ermku. Penakuis «Ukrainian Food Journal» xopucryerbcs
MpaBWJIaMHM aKaJIeMIiuHOi eTHKH, BHKIaZeHuUX B pobori Miguel Roig (2003, 2006)
"Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A guide to
ethical writing”. Penaxiiiss nporoHye aBTOpaM cTaTed i1 peleH3eHTaM IPsAMO CIiayBaTH
LLOMY KEPIBHHUITBY, 00 YHUKHYTH TIOMHJIOK Y HayKOBI# JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIAa KOpHCHA iH(pOpMAIisl pO3MIllleH] 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 yrHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaH/. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonoail, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bosogumup IBanoB, 1-p., npod., Jepocasuuil yrnisepcumem losu, CILIA

Baagimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHuti
mexHiuHUll yHigepcumem

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrina Ilomosuw, 1-p., noi., Texuiunuii ynieepcumem 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 bBepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, YVuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tersana I[Mupor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [orvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaHiuHoi Ximil imeni
B. I. Bepnaocvxozo HAH Vkpainu

Opiii binawn, n-p., ll]eyuncokuii ynigepcumem, 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, kaHJ. TeXH. HayK, JI01l., Hayionanvuuil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Biraniii Tapan, n-p. TexH. Hayk, npod., Hayionanvhuil yHieepcumem xapuosux

mexHonoeil, Yxpaina

——VUkrainian Food Journal. 2017. Volume 6. Issue 1 — 183



Bosogumup Kobaca, n-p. TexH. Hayk, npod., Hayionanvnutl ynieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, 1-p., npod., Jepocasnuil yrnisepcumem losu, CILIA

Baagimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpapHutl
mexHiuHUll yHigepcumem

I'anuna CimaxiHa, 1-p. TexH. HayK, npod., Hayionanvruil ynigepcumem xapuoux
mexuonozil, Ykpaina

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrina IlomoBuw, 1-p., noi., Texuiunuil ynigepcumem Monoosu

Jlama llepinsH, 1-p. €KoH. HayK, podecop., Hayionanvhuil yrieepcumem xapuoux
mexuonozil, Ykpaina

Mapk Hlamusia, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvkuil OepoicasHuil
mexuono2iunul incmumym, Pocis

Muxkosna CuueBChbKHid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcis HAAH
Yrpainu

Muxaiisio MiHeHKO, 1-p. €KOH. HayK, npod., Hayionanvruil yHieepcumem xapuosux
mexuonozil, Ykpaina

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepaanou
Ounexcanap llleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil yHieepcumem xapuoeux
mexuonozil, Ykpaina

Ounena I'padoBchKa, 1-p. TEXH. HayK, npod., Hayionanvhuil yrigepcumem xapuoeux
mexuonozil, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionaneruil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHOninbCoKull 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

Const AMapei, 1-p., npog, Yuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexuonoeii, boreapis
Tamapa Bepe3siHko, 1-p. €KOH. HayK, npod., HayionaieHuil yHisepcumem xapiosux
mexuonozil, Ykpaina

Tersana [Mupor, a-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Ileyuncokuil ynisepcumem, [onrvwa

KOunist J35136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocvkoco HAH Yxpainu

Opiii binawn, n-p., ll]eyuncokuii ynigepcumem, Ilonvwa

Ounexciii I'yoenst (BiamoBinanbHUN ceKpeTap), KaHa. TeXH. HAYK, AOIl., Hayionaibruil
YHIgepcumem xap4oeux mexuonoziu, Ykpaina.
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