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Introduction. A basic task in solving a problem of
overweight is development of such special foods which would
give an opportunity to the people with the overweight of body to
bring down body weight, consuming that or other product. Such
effect can be attained by adding or changing a certain component
in compounding by other one with high functional properties.

Materials and methods. Studied guinea fowl meat and ham
balanced in amino acid and fatty acid composition. Methods of
mathematical simulation of the finished product formulations,
experimental methods of chemical composition, structure and
mechanical properties of the product. Amino acid composition
determined by ion chromatography analyzer amino acids of T-339.
Raw fatty acid composition was determined by gas
chromatography.

Results and discussion. For normal human body best ratio
of essential fatty acids is considered to be 1:1:1. Most close
to this indicator is ideal for fat wild ducks and guinea fowl
(1:0.9:0.7 and 1:0.5:1.0). The worst the ratio of fatty acids is
mutton fat (1:0.1:1.9). The ratio "polyunsaturated fatty
acids" / "saturated fatty acids" is the best pork fat (0.27) and
quail (0.21). The worst is fat wild duck (1.27), horse (0.58)
and chicken fat (0.56) .For normal human body works best
ratio of essential fatty acids is considered to be 1:1:1.

Boiled-smoked wis meat of guinea fowl ham has more
balanced amino acid composition in comparing to the control
standards. In the boiled-smoked ham there is higher content of
valine (on 0,6%), lysin (on 0,71%), methionine (on 0,20%),
threonine (on 0,69%), alanine (on 0,59%), aspartic (on 0,69%),
and glycine (on 0,79%) comparatively with a control standard. A
ham with meat of guinea-fowl approaches the albumen of chicken
egg by the content of irreplaceable amino acids, and the content of
such amino acids as a valine, isoleucine, leucine, lysin, alanine,
arginine, aspartic, glycine, glutamic acid and tirosin is higher than
in the albumen of chicken egg.

Conclusions. The boiled-smoked ham with meat of guinea-
fowl has well balanced amino acid composition and is
characterized by a high biological value and can be attributed to
the accomplished foodstuffs by a content of irreplaceable amino
acids.

6
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Introduction

Research work is extremely relevant. Urgent is the development of new technologies
improving food supplies, involving the use of nutrients with high functional and
technological properties.

We should investigate the amino acid and fatty acid composition of raw materials and
finished product. Also the structural and mechanical properties allow us objectively
evaluate the consistency of the finished products.

The purpose of research — to expand the range of meat products for human nutrition
overweight.

The peculiarities of technology and main quality characteristics for elaborated products
are given.

Literature review

Obesity is a exess lipopexia in an organism (for B.V.Petrovsky). For diagnostics of
obesity and determination of his degree (Table 1) use the index of body (IMT) weight, that
is expected after a formula: BMI (kg/sq.m,) = body weight (kg) / height (m) of the grown
man. In obedience to recommendations of WHO, this index does not spread to the
expectant mothers, children, sportsmen and persons who are older than 65 [1].

Table 1
A connection of body weight with a risk of deseases

Weight of body BMI, kg/sq.m. | Risk of deseases
Optimal weight 18,5-24,9 Average
Before overweight 25,0-29,9 Increased
Overweight of 1 degree 30,0-34,9 High
Overweight of 2 degree 35,0-39,9 Very high
Overweight of 3 degree >=40,0 Extremely high

For today 312 million persons all over the world have BMI > 30,1; 1 billion of
persons — BMI > 25, 15, and also 5 million children have excessive body weight [2].

Geography of obesity is wide: if in the 70th years of XX of century superfluous obesity
and obesity was the problem of the exceptionally of developed countries, then presently she
spread everywhere, and countries that develop already almost keep abreast of developed.
For example , in China the number of people with overweight attained 15% (150 min
persons), a certain record is put on Near east and in North Africa, where the about half of
women suffer from obesity or has an ovenweight [3, 4].

Obesity is conditionally separated on primary and secondary one. The primary
(alimentary — constitutional) is an independent disease, secondary (symptomatic) —
develops on a background of the cental nervous system deseases and deseases of endocrine
system (in a case of parafunction of thyroid) , and also in the consequence of reception of
some medicinal facilities (glucocorticosteroids, peroral contraceptives).The part of
secondary obesity is only 1% cases. Alimentary-constitutional obesity meets mostly and
develops in any age, however his first display is usually looked after in 11-13. Large value
in an origin of alimentary — constitutional obesity the inherited inclination (45% cases) has

[1].
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Main reason of obesity and ovenweight is a energy disbalance between calories that is
consumed by a man, and calories that he spends. A Basis of rise of global indexes of
overweight and obesity are a few factors, among them there are a global change of feed that
is characterized by an increase consumption of foods with high maintenance of
carbohydrates and fats and at the same time law maintenance of vitamins and
microelements. Fast food products with preservatives, chemical additions, dyes, sugar and
him artificial substitutes, margarine and other pseudoproducts, including refined, alcohol,
caffeine, a tobacco is inflicting enormous harm on organism. They poison an organism
practically, causing the disbalance of insulin, thyroxine, endorphin and other hormones.
And the main consumer of such "comfortable foods" are children of school age and people
at the age before 30. "Artificial" carbohydrates cause the high getting up of level of insulin
(from 3-10 to 22 mcU/ml), and it results also in considerable release of the serotonin (the
hormone of hapiness) [7].

But the enhancement of well-being lasts no long and than that a depression from a less
of the serotonin wouldn't appear, a brain begins to require the next dose of stimulators. So a
dependence on stimulators appears. Insulin protects a brain from the excessive amount of
sugar that destroys cages. But at the protracted surplus of insulin cages are closeing from
him to be not overloaded. So there is insulin resistance (insensitivity). And, to overcome
her, a pancreas begins to produce the additional amount of insulin under the action of that
any blood sugar grows into fatty supplies.

Institute of gerontology National academy of medical sciences of Ukraine proved that
degree of atherosclerotic violations for elderly people at calorie content of day's ration
1600-2100 kkal considerably less than, than in those the food ration of that presented
2650-3100 kkal [13].

Scientists (Rachel Beterham and Richard Atkinson) underline that the main reason of
obesity is a wrong lifestyle. Research results are published in a magazine Science.

The problem of obesity can be decided as well as by the help of surgical and not
surgical methods — proper nutrition, use of food supplements and others like that. Among
surgical distinguish establishment of gastric bulb, by-passing of stomach.

For a dietary feed at obesity it is necessary to take into account :

-the use of diet with low calories amount;

-the limitation in the ration of carbohydrates that quickly grow into an organism in fat,
and fats of animal origin and increase of vegetable ones;

-a frequent (to 6 times/twenty-four hours) feed with the exception of foods that excite
an appetite (sharp seasonings, spicinesses and others like that);

-reduction of the amount of liquid and salt in a meal;

-inhibition in the feed of unloading days [11].

As a problem of obesity can be warned by participation of representatives of food industry, then
by a basic task in solving a problem of overweight is development of such special foods which
would give an opportunity to the people with the overweight of body to bring down body weight,
consuming that or other product. Such effect can be attained by adding or changing a certain
component in compounding by other one with high functional properties.

The main point, that it was necessary to take into account there are a presence of
sources of raw materials and speed of proceeding in raw material during new product
development, and during creation of dietary product — functional properties and chemical
composition also. For realization of researches meat of bird was select in this work.

The market of meat of bird is one of the most dinamically developed markets of food
stuffs presently. The products of the poultry farming become all more attractive for home
consumers, so as is one of the cheapest and popular in our country a source of proteins of

8  —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1



Food Technologies

animal origin. Since olden times foods from a bird considered a delicious and useful meal.
And it not by chance: in fact tender and fragrant meat of chickens, turkey-cocks, shutes,
game has a high food value that does him unique food stuff. Excellent features of meat of
bird : high digestibility; optimal content with optimal correlation of irreplaceable amino
acids; low calorie content. Meat is divided into white and red. The white contains the less
connective tissue and this tissue is more soft, tender and evenly up-diffused on all muscles.

The not mastered market of meat of bird are guinea-fowls. Meat of guinea-fowls
belongs to the dietary delicacy products.By taste it reminds meat of pheasants and
partridges, but considerably more tender. It contains a 25-27 % of proteins, to a 0,5-0,7 %
of fat. Correlation of amino acids in an protein is especially favorable to the man. The yield
of eatable parts to living mass presents 53—54 %. Eggs are more rich from chicken in
relation to content of dry substances, lipids, vitamin A and carotenoids.

Meat of turkeies is an unique dietary product,which combines in itself propertis of
chicken, veal and mutton, is rich in vitamins and, besides, is low-caloric, there is a low
level of cholesterol in him. The meat of turkeies is in a wide demand in the USA, where it
is used as a delicac, but in this country nevertheless yields to in the popularity to meat of
chickens and broilers. Dietary meat of turkey-cocks in the rational feed of man is a source
of valuable proteins. Chemical composition of meat and his calorie content at the different
types of bird are different. Meat of turkey-cocks has a high food value, and young ones has
the best indexes in presence in it proteins and their correlation with fat . In the carcasses of
turkey-cocks the color of muscular fabric is different: chest muscles and muscles of wings
have a white color, and muscles of feet — more dark, red. White meat is biologically more
valuable. In him there is not only more protein but also the best correlation is both between
valuable and inferior proteins and between single amino acids. Food value of meat of
turkey-cocks isn't limited only by its sustenance. The meat also include significant amount
of minerals especially calcium and phosphorus, vitamins of E and group B. The specific
smell and taste are predefined relatively by a high presence in raw meat of extract
substances (1,5-2,5%%). This group of organic compounds that go across during cooking
of meat in clear soup. Meat of turkey-cocks has high taste qualities. It is tender and juicy.
Muscular fibres are thin, and connecting tissue between them there is less than in other
types of bird.

Thus, meat of turkey-cock and guinea-fowl is the perspective type of raw material for
the production of meatproducts for people with the overweight of body, as has enhanceable
maintenance of proteins and low content of fat.

Materials and methods

Article of research: meat of guinea-fowl and turkey-cock, hams.

The articles of research are both new foods, selected to consideration in this work and
industrial foods that is already used.

Chemical composition of poultry meat was determined on base of laboratory
“Globinskiy meat plant” (Ukraine).

Methods, that allow to describe chemical composition, food and biological value,
organoleptic, functionally-technological,structural and mechanical and economic indexes of
research objects, were used in the process.

The organoleptic evaluation of quality of sausage products and ready-to-cook foods
came true on a 5-ball scale.

A organoleptic estimation came true in a next sequence:
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- original appearance — by a structure, by a picture on a cut, by even distribution of

pieces of mushrooms in stuffing, by the type of shell;

- a color — by sight on the cut of intermediate product;

- a smell (aroma), taste and succulence — absence or presence of extraneous smell,

aftertaste, degree of expressed of aroma of spicinesses and salinity determined;

- consistency — by pressing on good.

Determination of amino acid composition was conducted in accordance with the
method of ion exchange chromatography. Quality and quantitative determination of
components consisted in dividing of them into separate components after the hydrolysis of
proteins and determination of their quantitative estimation with the help of automatic
analyzer of amino acids as T-339, on polystyrene sulfonate ion exchange resins of "Ostion
LJ ANB" in Li-citrate buffer one column mode. The elutions of amino acids from a column
conduct in turn by Li- by citrate buffers from pH 2,75 + 0,01; pH 2,95 + 0,01; pH 3,2 +
0,02; pH 3,8 + 0,02; pH 5,0 £ 0,2. Amino acids rectifying with the help of solution of
ninhydrin on a running photometer at a length of waves by 560 nm. The results of
detection was registered oneself by a variplotter on a paper in form the peaks of absorption
of light of ninhydrin-positive substances in an eluate, that in number in direct ratio
concentrations of this substance in solution. Correlation of solution of ninhydrin reagent
and eluents is 1 to 2; temperature of thermostatic T1=38,5 °C; T= 65 °C. The prototype was
diluted in Li-citrate buffer by pH 2,2 + 0,02 and inflicted on a ion exchange column with
the help of metering device. The quantitative estimation of xpomaTtorpam of pre-production
model settles accounts in relation to standard mixture of amino acids of firm BioRaD. The
amount of milligrams of every amino acid of Ai in the investigated solution calculates on
a formula:

4218
where Ai is mass part of i-th amino acid, mg/100 g of protein;

Mi is molecular mass of i-th amino acid;

Si is area of peak of i-th amino acid on an aminogram from the investigated solution;

2

S? is an area of peak of i amino acid on an aminogram from solution of standard

mixture of amino acids, that accords to one micromole.
Amino acid score was expected according to the certificate scale of FAO/WHO.
Method of calculation amino acid skore is taken to determination of relation of content
of every irreplaceable amino acid in the investigated protein to their content in a standard —
standard balanced in irreplaceable amino acids and recommended by the committee of
WHO. Determined by a formula:

A= Ay 100%
AI
A, is a content of irreplaceable amino acid in a 1 g of investigated protein, mg; A; is a
content of the same amino acid in a 1 g "ideal" protein, mg; 100 is a coefficient of count in
percents.
An amino acid that limits a biological value, is considered that which have the lowest
score.
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First, it was found content of water, protein, fat and ash in various types of poultry. The
research results are presented in Table 2.

Table 2
The chemical composition of meat of different animal species
Content in product, %
Meat type Moisture | Protein | Fat | Ash
Guinea fowl meat 74,2 23,1 1,5 | 1,2
Turkey meat 71,6 22,2 51 | 1,1
Meat of quails 67,4 17,3 14,3 | 1,0
Beef 69,2 20,0 9,8 | 1,0
Pork 51,5 14,3 33,3 09
Poultry 70,1 19,6 10,5 | 0,8
Table 3
Research of amino acid composition of meat of bird
Content, mg in 100 g of meat
Meat of guinea Meat of Turkey Meat of quails
Amino acids Alb}lmen of fowl
chicken’s
[
egg, % Arrrlli);nt, o Amni):gmt, o Amni):gmt, o
Irreplaceable amino acids:
Valine 2,3 0,599 3,54 0,555 3,75 0,713 3,76
Isoleucine 3,3 0,557 3,30 0,456 3,08 0,646 3,41
Leucinum 6,9 1,429 8,46 1,338 9,03 1,604 8,47
Lysin 6,9 1,606 9,51 1,437 9,70 1,789 9,44
Methionine 7,4 0,536 3,17 0,456 3,07 0,612 3,23
Threonine 5,0 0,782 4,63 0,716 4,83 0,881 4,65
Phenylalanine 5,6 0,922 5,46 0,740 4,99 0,852 4,50
Replaceable amino acids:
Alanine - 1,031 6,10 0,933 6,30 1,148 6,06
Arginine 6,7 1,096 6,48 0,959 6,47 1,272 6,71
Aspartic 8,2 1,488 8,81 1,248 8,42 1,613 8,52
Histidinum 2,4 0,554 3,28 0,601 4,06 0,829 4,38
Glycine 3,6 0,754 4,46 0,651 4,39 0,850 4,49
Glutamic acid 12,6 3,135 18,55 2,760 18,63 3,477 18,35
proline 4,5 0,863 5,10 0,621 4,19 0,922 4,87
Serine 7,8 0,744 4,41 0,694 4,68 0,841 4,44
Thyrosinum 4,1 0,613 3,63 0,547 3,69 0,691 3,65
Cystine 2,3 0,188 1,11 0,108 0,73 0,204 1,07
—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1 11
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From the table we can see that poultry is characterized by higher protein and ash
content and less fat. Also in guinea fowl meat contains 23.1% of protein, in turkey meat —
22.2% while beef contains 20.0% of protein; meat of quails contains 17.3% protein, and
pork — only 14.3%. In the meat of farm animals significantly more fat compared to poultry
was fixed.

So in guinea fowl the meat contains 1.5% of fat, in turkey meat — 5.1% and beef —
9.8% of fat; pork contains 33.3% of fat, while the quails meat only 14.3% that is explained
by the specific conditions of life and differences in feed that eats the bird. To create
products with high biological and nutritional value it is checked for balance amino acid and
fatty acid composition of raw materials.

The biological value of product represents his ability to satisfy the requirement of
organism in irreplaceable amino acids. For the estimation of biological value a method was
used amino acid score method, that is based on comparison of amino acid composition of
protein investigated to the standard in amino acid composition of ideal protein.

On the maintenance of amino acids meat of quail approaches the protein of chicken
egg, and on maintenance such irreplaceable amino acids as a valine (on 1,24-1,46%%),
isoleucine (on 0,09-0,11%), leucine (on 1,56-2,13%), lysin (on 2,54-2,80%) and
replaceable amino acids — alanine (on 6,06-6,30%), aspartic (on 0,22—0,61 %), histidin (on
0,88-1,98 %), glycine (on 0,79—-0,89%%),glytamic acid (on 5,75-6,03%) and proline (on
0,37-0,60%) excels him.

It goes to show that the investigated meat is balanced after amino acid composition,
characterized by a high biological value and can be attributed to the valuable foodstuffs.

In the feed the important value acquires not only amount but also the quality of fats,
especially content of polyunsaturated acids with the certain placing of double connections
and cis- by configuration.

Fat and acid composition of raw material was determined at an assistance
Ukrderzhmetstandart by the method of gas-liquid chromatography. The obtained data are
presented in a Table 4.

Table 4
The composition of fatty acid animal fats
The content of
essential fatty Ratio that characterize biological value of fat
Fat acids%
MFA: PFA:
MFA | PFA | NFA PFA: | \FA Ci52/Cig | Cig2/Crss | 06/03
NFA
Ideal 33,3 | 33,3 | 333 1:1:1 %24_ >0,25 >0,7 4:1
b)
Beef 38,92 | 2,78 | 57,89 | 1:0,1:1,5 | 0,05 0,06 3.8 3:1
Porcine 43,28 | 7,47 | 50,10 | 1:0,2:1,2 | 0,27 0,2 9,7 4:1
Sheep 33,81 | 2,35 | 63,84 | 1:0,1:1,9 | 0,04 0,06 4.9 5:1
Horse 40,68 | 21,71 | 37,61 | 1:0,5:0,9 | 0,58 0,26 0,7 0,5:1
g;‘l“ea 38,50 | 7,10 | 51,2 | 1:0,2:1,3 | 0,13 | 0,15 14,0 7:1
Turkey 36,18 | 18,87 | 37,23 | 1:0,5:1,0 | 0,51 0,20 1,16 6,6:1
Quail 35,33 | 10,20 | 47,87 | 1:0,3:1,3 | 0,21 0,18 5,7 4,5:1
Gallinaceous | 49,81 | 17,78 | 32,41 | 1:0,4:0,7 | 0,56 0,38 17,0 23:1
Wild duck | 34,43 | 31,73 | 23,19 | 1:0,9:0,7 | 1,37 0,60 2,85 3,7:1
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For normal work of human organism the best ratio of essential fatty acids is considered
to be 1:1:1. As we can see from the table most approached in this indicator to ideal is fat of
wild ducks and guinea fowl (1:0.9:0.7 and 1:0.5:1.0). The worst ratio of fatty acids is
mutton fat (1:0.1:1.9). As the ratio of PUFA / NLC the best is pork fat (0.27) and quail
(0.21), and the worst is fat wild duck (1.27), horse (0.58) and chicken fat (0.56).

Ratios ®w6:03 — are important indicators. Scientifically proved that at a fraction of
essential fatty acids should be 4-6% of the energy value of the diet of an adult and relation
to ®Z w6 PUFAs should be 10: 1, and in violation of lipid metabolism — 5:1 i even 3:1.
From the data of the table we can see that the ratio of @6 / ®3 worst is chicken fat (23:1)
and horse fat (0.5:1), while all other fats, the figure is at the optimum level.

In order to expand the range of dietary meat products we with the help of our
mathematical modeling developed 6 recipes tavern guinea fowl meat and ham are the most
favorite product among consumers (Table 5).

Table 5
Developed recipes tavern guinea fowl meat
= -~ =
£ S = % £ .
z |2 |2 |E |z | % %
= + + t S 5 &~
=) = - = + -
= 3 x 3 < = s 3
e g g = g 3 g%
< E_ |8 |E_| E E_ | 22
< S | &8 | &8 | B8 | B Sl
. £°5 s | =2 | g2 | &2 | &= s o
Raw materials 5 = e2 | ¢ E g | = = S = 2
fo's =3 | EE £ 3 o 3 S S £
T2 22| B35 T £ S = 2.2
S S ez | & 3 35 Q5
8 ham s 9 < = © +
s z z. o -+ w S 7z
- 2 |z ‘ z 25 | =28
p— p— Q
s E | £ = | 2 2% | E
= S & E £ g+ <
g 3 e B s S g e
© = g S 2
The main raw material, kg
Guinea fowl meat 100 50 50 50 50 20 30
Pork bold 50 40 25
Beefw/c 50 50
Beef' Is 25 35
Chicken 50 15 10
Spices and auxiliary materials, r (100 kg of raw salt)
Salt for food 2500 2500 | 2700 | 2500 | 2500 2500 2500
Integrated
additive "SS 6" 600 600 600 600 600 600 600
Sodium nitrite 10 10 10 10 10 10 10
The functional 300 300 | 300 | 300 | 300 300 300
additive N208
Water, L 15 15 15 15 15 15 15
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All received products are of high quality with a special spicy taste and aroma with high
biological value, balanced by amino acid and fatty acid composition, which can be
recommended for usage in dietary nutrition.

Organoleptic quality assessment carried tasting tavern commission (14 people) at the
Department of Technology of meat and meat products (Table 6).

Table 6
Organoleptic quality assessment made tavern

Sample | Outlook | Colour | Taste | Aroma | Consistence | Succulence Grfll;ii(al
Control 4,72 428 | 450 | 4,80 4,81 4,87 4,66
;almple 4,97 500 | 4,83 | 498 4,90 5,00 4,95
;azmple 500 | 500 | 500 | 500 5,00 5,00 5,00
Ymple | 476 | 474 | 444 | 477 4,67 4,51 4,65
i&mple 4,50 439 | 428 | 4,74 4,67 4,44 4,50
Yample | g61 | 472 | 428 | 483 4,72 4,78 4,64
mple | 474 | a2 | 428 | 467 4,83 4,50 456

As the table shows, all designed hams had higher total evaluation. They were
succulent, of sweet taste and smell and attractive in outlook. The highest score (4.95 and
5.00) were ham, which was combined guinea fowl and beef meat (sample number 1 and
N2), and the lowest — 4.5 got the sample where guinea fowl meat and chicken combined
(recipe N4), but all the samples had high scores (from 4.50 to 5.00).

The structural and mechanical properties allow us objectively evaluate the consistency
of the finished products to determine physical fitness tavern for use. The research results
are presented in Table 7.

Table 7
Structural and mechanical properties of finished products

Sample Cutting work, J | Cutting power, kH/m’
Control 442,00+ 9,1 113,54 +4,8
Sample N1 396,18 £ 6,5 110,20 + 3,1
Sample N2 434,24 +£ 8,2 105,30 £3,3
Sample N3 270,87 + 6,3 86,02 +2,3

As we can see from the table reference sample has the biggest job (442.00 J) and
cutting force (113.54 kN/m?) compared with test samples. In the experimental samples
cutting force is in the range of 86.02-110.20 kN/m?® that indicates on rather soft
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consistence. The information that we have got tells us that according to structural and
mechanical indicators prepared ham are suitable for usage in dietary nutrition.

The research of amino acid composition of samples of cooked hams shown in Table 8.

This table shows that boiled-smoked ham has a balanced amino acid composition
compared to control. In boiled-smoked ham it is observed higher levels of valine (0.6%),
lysine (by 0.71%), methionine (at 0.20%), threonine (at 0.69%), alanine (at 0.59% ),
aspartic acid (to 0.69%) and glycine (at 0.79%)in comparing with the control sample.

According to the content of essential amino acids ham meat guinea fowl close to egg
protein, and according to the content of of amino acids as valine, isoleucine, leucine, lysine,
alanine, arginine, aspartic acid, glycine, glutamic acid, tyrosine surpasses it.

This indicates that the cooked ham and smoked guinea fowl meat have well balanced
amino acid composition, it is characterized by high biological value and can be attributed to
high-grade food for the content of essential amino acids.

Table 8
Amino acid composition of cooked hams

Content, mg per 100 g
Cooked ham, smoked
Control .
guinea fowl meat
Amino acids prl(afégin Biological Biological
% > | Quantity, % value of | Quantity, % value of
Mr protein n Mr protein n
% %
Essential amino acids:
Valine 2,3 0,500 4,59 92 0,545 5,19 104
Isoleucine 3,3 0,571 5,24 131 0,445 4,25 106
Leucine 6,9 0,911 8,36 119 0,745 7,30 104
Lysine 6,9 0,851 7,81 142 0,894 8,52 155
Methionine 7,4 0,246 2,26 0,258 2,46
Threonine 5,0 0,527 4,84 121 0,580 5,53 138
Phenylalanine 5,6 0,542 4,15 0,401 3,82
Replaceable amino acids:
Alanine - 0,594 5,46 0,634 6,05
Arginine 6,7 0,747 6,86 0,664 6,33
Aspartic acid 8,2 0,917 8,42 0,956 9,11
Histidine 2,4 0,377 3,46 0,346 3,30
Glycine 3,6 0,461 4,23 0,527 5,02
Glutamic acid 12,6 2,203 20,22 2,121 | 20,21
Proline 4,5 0,457 4,20 0,394 3,76
Serine 7,8 0,508 4,66 0,490 4,67
Tyrosine 4,1 0,439 4,03 136 0,371 3,54 123
Cystine 2,3 0,134 1,23 99 0,100 0,95 97
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Conclusion

By amino acid and fatty acid composition poultry meat dominates upon farm animals.
In guinea fowl meat contains the largest amount of methionine (0.561 mg), aspartic
acid (2.321 mg), histidine (0.830 mg), glutamic acid (3.623 mg) and cysteine (0.459
mg). By the ratio MFA: PFA: NFA closest to the ideal (1:1:1) is a fat turkey
(1:0.5:1.0).

With the help of mathematical modeling method we optimized six recipes of guinea
fowl meat tavern.

According to the results of sensory analysis of the highest rating (5.00 points) got
boiled ham, smoked guinea fowl meat and beef.

According to structural and mechanical properties (work and cutting force) the best are
cooked ham with guinea fowl meat and pork, that have the lowest index of power
(270.87 J) and force (86.02 kN/m?) and cutting that characterize its softness.

It is established that the combination of guinea fowl meat with beef provides a product
with a high content of essential (valine, lysine, methionine) and replacement
(threonine, alanine, glycine and aspartic acid) amino acids, which are characterized by
high biological value and can be attributed to proper food.
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Introduction. The origin of aromatic substances of
grapes, must and wine is determined by: aromatic substances
of grapes passing in the must and wine; aromatic substances
which are the product of biochemical phenomena (oxidation,
extraction, hydrolysis) before fermentation; aromatic
substances which are product of yeasts and bacteria
conducting alcoholic and malolactic fermentations; aromatic
substances formed during transformation as a result of wine
processing; aromatic substances formed during prolonged
storage or aging of the wines.

Materials and methods. The wines of grape varieties
Storgoziya, Kaylashky rubin, Trapezitza, Rubin and Bouquet,
selected at Institute of Viticulture and Enology — Pleven in the
way of intra- and interspecific hybridization were studied. The
grapes are vinified in the traditional way for producing of dry
red wines. Gas chromatographic determination of the aromatic
profile of wines was conducted.

Results and discussion. It was found that the amount of
acetaldehyde in the investigated wines was within normal for
red dry wines limits. The highest amount of acetaldehyde was
found in wine obtained from grape variety Kaylashky rubin
(83.80 mg/dm’). In wines from grape varieties Rubin and
Storgozia it was in traces, and in the wine of Trapezitza grape
variety it was not found. From the fraction of higher alcohols
2—methyl-1-butanol was established only in the wine from
Kaylashky rubin grape variety (269.80 mg/dm®). 1-pentanol,
imparting a pleasant flowery tone of wines, was found in
wines from grape varieties Bouquet (71.79 mg/dm’),
Trapezitza (58.20 mg/dm?®), Rubin (29.00 mg/dm*), as well as
control Pinot Noir (15.49 mg/dm®). From the fraction of the
esters, the ethyl acetate was identified in all wines (13-37
mg/dm?). Iso —buthyl acetate also present in all wines (33.80—
86.84 mg/dm®). Ethyl butyrate was found only in wine of
Bouquet grape variety (164.60 mg/dm®). From the group of
terpenes geraniol and  — citronellol were identified.

Conclusions. The amount of acetaldehyde in the
investigated wines was normal. With the greatest amount of
higher alcohols 1—pentanol was established. Dominating ester
was ethyl butyrate. The presence of terpenes was less marked.
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Introduction

Aromatic substances of grapes, grape must and wine can be grouped according to their
origin as follows:

- aromatic substances of grapes, which passing it in the grape must and wine and which
are a product of the vine plant metabolism. They are called primary or varietal aromas.
They are influenced by grape variety, soil conditions, climate, method of vine
cultivation, phytosanitary condition of grapes, vineyard practices.

- aromatic substances that are the product of biochemical phenomena before
fermentation (oxidation, extraction, hydrolysis) beginning after crushing of the grapes
and continuing during the extraction of the must from solid parts i.e., during the
processes of maceration.

- aromatic substances which are products of the yeast and bacteria metabolism during
the alcoholic and malolactic fermentations. They are called secondary.

- aromatic substances that are formed in the transformation of other non-aromatic
substances as a result of one or other treatment of wines, and in the first months of
storage of new wine.

- aromatic substances resulting from post fermentation chemical or enzymatic reactions
occurring during prolonged storage or during the wines aging. This is the so-called
tertiary aroma or bouquet.

- aromatic substances obtained by the wine aging in oak barrels, and in the absence of air
in bottles aging, whence derive many compounds that pass in the wine and participate
in its aroma and bouquet [1].

These include an extremely large number of different chemical groups of substances
(alcohols, aldehydes, ketones, volatile fatty acids and unsaturated esters, acetals, terpene
compounds, etc.), which is characterized to have aroma and taste. Depending on their
organoleptic characteristics, i.e. what tones in the aroma and taste of wine form, they are
divided into two groups: non-specific and specific. First group includes substances with
fruit aroma, flower aroma, herbs aroma, aroma of spices and more as well as
representatives of fermentation aroma. They form the background that helps the expression
and impact of the specific varietal aroma [2].

The terpenic substances — hydrocarbons, alcohols, aldehydes belong to the specific
aromatic agents. At this time 70 different terpene compounds have been identified and
studied. Their aroma is extremely strong when they are in a free state. They have a low
threshold of perception (18-400 pg/dm’). They are concentrated mainly in the grape skins
[3]. Terpenes are a group of compounds relevant to the characterization of the wine aroma
and its maturity [4]. Terpenes are contained in grapes, must and wine and they are not
metabolized by the yeasts during fermentation [5]. Therefore, they can be used successfully
for analytical varietal characteristics and determine the affiliation of wine corresponding to
its production grape variety [6].

The intensified research interest about terpenes in recent years is related to the presence
of their wide range of biological and pharmacological activities. Increased interest is
observed on their antioxidant activity against reactive oxygen species which are involved in
the pathological development of many important human diseases, such as
neurodegenerative, cardiovascular, diabetes, and others [7]. It was found that geraniol (one
of monoterpenes present in grapes) showed an anti-proliferative effect on cell growth of
melanoma. A number of monoterpenes present in foods have shown antitumor activity in
animal models or different cell lines, inhibiting carcinogenesis and showing effectiveness in
the treatment of early and advanced cancers [8,9].
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The main terpenes contained in the grapes from where passing in the wine are geraniol,
linalool, terpineol, nerol, citronellol and farnesol. The first four are dominants.

Higher alcohols are other volatile compounds from the aromatic complex of wines.
They are products of amino acid metabolism of the yeast cultures undergoing the
fermentation. It is claimed that 75% of the aromatic complex, characterized wines, consists
of various higher alcohols [10]. As the dominant component of the aromatic matrix, higher
alcohols have the greatest impact on the sensory profile of the obtained wine, giving fruity
notes. Their concentration in the wine is highly dependent on the presence in significant
amounts of their precursor (amino acids) in grapes, and also on the ability of the selected
yeast strain for actively metabolization of amino acids in the fermentation process.

Esters are next group in the line of domination in the composition of the wines
aromatic matrix. According to Tao and Li [10], they represent 20-30% of all volatile
substances in the wine. The esters are the products of esterification process, formed by
coupling of the alcohols and acids in the wine [11]. Due to the fact that wine contains a
significant number of alcohols and acids can be formed wide range of esters. Identified
wine esters usually include ethyl esters, acetates and other esters of fatty acids fusels. They,
as well as higher alcohols, have a significant contribution to the development of
characteristic fruity and floral wine aroma, but high concentrations of some of them, such
as ethyl acetate (ester of ethanol and acetic acid), represent an indicator of long-term
storage and indicate a strong probability of acetic acid process (2014, Law on Wine and
Alcohol Beverages, Bulgaria).

Until now in Bulgaria has not conducted comprehensive study evaluating the aromatic
characteristics of wines from the traditional Bulgarian grape varieties for the area of the
town of Pleven — Storgoziya, Kaylashky rubin, Trapezitza, Rubin and Bouquet. Modern
analytical method of gas chromatography was used. This requires the implementation and
realization of complex determination of aromatic characteristics of the traditional wines
from the area of the town of Pleven, which is the motivation for the development of this
scientific research.

Materials and methods

The study was done at the Institute of Viticulture and Enology (IVE) — Pleven in 2015.
The subject of the study was red wine grape varieties Storgoziya, Kaylashky rubin,
Trapezitza, Rubin and Bouquet, selected in IVE — Pleven by the way of intra- and
interspecific hybridization. They are distributed in individual micro areas in Bulgaria.
Interspecific varieties Storgoziya, Kaylashky rubin and Trapezitza have increased
resistance to stress factors (low winter temperatures and mildew).

The parental forms of studied grape varieties are:

Storgozia — Bouquet x SV12375;

Kaylashky rubin — Pamid x Hybrid VI-2-15 x Gamay Noir x Vitis amurensis;

Trapezitza — Danube Gamza x Marseillaise early;

Rubin — Nebbiolo x Syrah;

Bouquet — Mavrud x Pinot Noir.

Pinot Noir variety of Vitis vinifera was used for control grape variety.

Vintage has been made after reaching technological maturity of the grapes.

Vinification was conducted in the traditional way of dry red wines producing in the
experimental wine-cellar of IVE: crushing, pressing, sulphitation (50 mg/kg SO,),
inoculation with pure culture wine yeasts Saccharomyces cerevisiae (10 g/hl), temperature
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of fermentation (25-28° C), removing of solids, malolactic fermentation, further
sulphitation, storage.

The composition of grape pulp and obtained experimental wines from studied varieties
in terms of basic chemical indicators were defined by generally accepted winemaking
methods [13, 1].

Gas chromatographic determination of the aromatic components in wine distillates was
done. The content of major volatile aromatic compounds was determined on the basis of
stock standard solution prepared in accordance with the IS method 3752:2005 [14]. The
method describes the preparation of standard solution with one congener, but the step of
preparation is followed for the preparation of a solution with more compounds. The
standard solution in this study include the following compounds (purity > 99.0%):
acetaldehyde, acetone, ethyl acetate, methanol, isopropyl acetate, 1—propanol, 2—butanol,
propyl acetate, 2—methyl-propanol, isobutanol, 1-butanol, isobutyl acetate, ethyl butyrate,
butyl acetate, 2—methyl-1-butanol, 3—methyl-1-butanol, ethyl isovalerate, 1—pentanol,
pentyl acetate, 1-hexanol, ethyl hexanoate, hexyl acetate, 1-heptanol, linalool oxide,
phenyl acetate, ethyl caprylate, a-terpineol, nerol, B-citronellol, geraniol.

An amount of 1,0 g for each of congeners was diluted to 100 ml with 40% ethanol
solution. 10 ml of this solution (with all added congeners) was diluted to 100 ml with 40%
ethanol solution. From this stock solution was prepared the standard solution by adding 5
ml of the diluted solution in the 10 ml test tube, and adding 1 ml of the previously prepared
solution of octanol (internal standard). The 2 pl of resulting standard solution was injected
in gas chromatograph Varian 3900 (Varian Analytical Instruments, Walnut Creek,
California, USA) with a capillary column VF max MS (30 m, 0,25 mm ID, DF = 0,25 um),
equipped with a flame ionization detector (FID). The used carrier gas was He. Hydrogen to
support combustion was generated and supplied to the chromatograph via a hydrogen
generator Parker Chroma Gas: Gas Generator 9200 (Parker, United Kingdom). The
injection is manually by microsyringe.

The parameters of the gas chromatographic determination were: injector temperature —
220 °C; detector temperature — 250 °C, initial oven temperature — 35 °C/retention 1 min,
rise to 55 °C with step of 2 °C/min for 11 min, rise to 230 °C with step of 15 °C/min for 3
min. Total time of chromatography analysis — 25,67 min.

Results and discussion

Table 1 presents the resulting values of aromatic components in red wines, harvest
2015.

The amount of acetaldehyde in the studied wines was normal for dry red wines (10.00
—100.00 mg/dm?®). The greatest amount of acetaldehyde was observed in Kaylashky rubin
(83.80 mg/dm*) and Bouquet (77.00 mg/dm®) versus control Pinot Noir (78.29 mg/dm?). In
the wines of Rubin and Storgozia the acetaldehyde was in traces, while in Trapezitza it is
not found. These values indicate the correct operation with sulfur dioxide during alcoholic
fermentation and after its completion, at the storage of the wines.

The higher alcohols content of the studied wines was in normal limits for dry red wines
(300.00 — 600.00 mg/dm?) and they have an influence on the wine aromatic complex . Most
of them are formed during the alcoholic fermentation (from yeasts strains) and during the
conditions of the winemaking. In wine from Kaylashky rubin the higher alcohol 2-methyl-
1-butanol (forming volatile esters with the acids of the wine) was in the highest amount
(269.80 mg/dm®), while in the wines of other grape varieties it was not established. The 1-
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hexanol (which confers grassy tone in the aroma) was not observed in the wines of studied
grape varieties. This is an indicator for well ripened grapes. With the highest quantities of
higher alcohols was observed 1-pentanol (pleasant flowery tone). At the wine of Bouquet
grape variety its quantity was 71.79 mg/dm3, at Trapezitza — 58.20 mg/dm’, at Rubin —
29.00 mg/dm’. While in the control Pinot Noir it was only 15.49 mg/dm’.

Table 1
Aromatic components of wines
Identified Studied wines
compoungls, - < . .
mg/dm = § g *E = = E
E g0 g 2 £ 5 g
[ S =3 < = = =
& R = M &
Acetaldehyde | ~0.05 ~0.05 77.00 ND 83.80 78.29
Higher alcohols
2—butanol ND ND 51.60 ND ND ND
2-methyl-1- ND ND ND ND 269.80 ND
butanol
2-methyl-1- ND 9.70 16.00 37.70 17.67 27.54
propanol
1-pentanol 20.00 ~0.05 71.79 58.20 ~0.05 15.49
1-hexanol ND ~0.05 ND ND ND ND
Esters
Ethyl acetate 13.00 37.00 35.10 31.45 23.20 31.83
Iso-propyl ND ~0.05 ND ~0.05 ND ND
acetate
Iso-butyl 51.00 33.80 55.85 86.84 61.58 64.87
acetate
Ethyl butyrate | ND ND 164.60 ND ND ND
Ethyl ND ND ND ND ND ~0.05
isovalerate
Pentyl acetate ND ~0.05 ~0.05 10.18 ND ND
Hexyl acetate ND ~0.05 ~0.05 ~0.05 ~0.05 ~0.05
Phenyl ND ND ND ND ~0.05 ND
acetate
Terpene compounds
A-terpineol ND ND ~0.05 ND ND ND
Linalool ND ~0.05 ND 0.29 ~0.05 ND
oxide
Nerol ND ~0.05 ND ~0.05 ~0.05 ~0.05
B-citronellol 0.26 0.51 0.26 0.30 0.14 0.30
Geraniol ND ~0.05 0.35 0.50 ~0.05 0.35
* Note: ND — Not detected
~ traces (approximately equal to 0,05 mg/dm’)
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Esters are the largest and most diverse group of substances (0.20-0.50 g/dm?), involved
in formation of the wine aroma and bouquet. Ethyl acetate (13.00-37.00 mg/dm’) was
established in all studied varieties. It was identified in low amounts and play favorable
quality role. In larger amounts (150.00—-160.00 mg/dm?) it has unfavorable effect on the
organoleptic qualities of the wines. Another established ester in all varieties was iso-butyl
acetate (33.80 mg/dm’ in Storgozia; 51.00 mg/dm’ in Rubin; 55.85 mg/dm’ in Bouquet;
61.58 mg/dm® in Kaylashky rubin; and 86.84 mg/dm? in Trapezitza). In Pinot noir control it
was in quantity of 64.87 mg/dm’. Ethyl butyrate was found only in Bouquet — 164.60
mg/dm’. Hexyl acetate was established in traces. The esters iso-propyl acetate, ethyl
isovalerate and phenyl acetate were not established.

The presence of terpenes in the red grape varieties is very small. Table 1 shows that
nerol and o — terpineol in the investigated varieties and control were not established.
Geraniol was found in the wines from Trapezitza (0.50 mg/dm’) and Bouquet (0.35
mg/dm*), while in the control its quantity was 0.35 mg/dm”>.

The terpenic compound f§ — citronellol was present in all varieties in quantities of 0.14
mg/dm? in Kaylashky rubin to 0.51 mg/dm? in Storgozia.

Conclusions

The amount of acetaldehyde in the investigated wines was normal for dry red wines.

With the large quantities of higher alcohols in all wines was found 1—pentanol with
pleasant flowery tone.

From the esters of wines, ethyl butyrate was established in highest value in wine from
Bouquet — 164.60 mg/dm”.

The presence of terpenes in the red varieties was very small.

There were no significant difference in the quantity and quality of aromatic
components of wines from studied grape varieties and control grape variety.
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Introduction.The article focuses on the primary
processing of milk whey, in particular, the prospect of its
processing using electric spark discharges. Reasonability of
the electric discharge application in whey processing
technology is confirmed by experimental research as well as
mathematical and statistical analysis.

Materials and methods. Mathematical modeling
established a rational mode of electrohydraulic treatment of
whey which is accompanied by a maximum dispersion of
particles of precipitated casein dust.

Results and discussion. It has been confirmed that the
average hydrodynamic diameter of milk whey particles
decreased from 1697,5 + 82,38 nanometer to 221,34 + 0,3
nanometer after electric discharge processing with the peak
voltage of 45 kV and discharge quantity of 25. The
polydispersity index at that plummeted from 1,0 to
0,35...0,40, which characterizes the system as the one close
to monodisperse state.

We have noticed that at the voltage of 30 and 35 kV and
the discharge number of 5...15 the particle dispersion was
insubstantial. The average particle size decreased only by
22...30%. It was also concluded that at the voltage growth as
well as increase in a discharge number the peak values on
the distribution curves shifted to the particle size of
500...1000 nm, while the average hydrodynamic diameter
decreased. The best results during the electrohydraulic milk
whey processing were achieved at the voltage of 45 kV and
the discharge number amounting to 25.

The sediment volume in the processed whey decreased
from 0,9...1,1 to 0,1...0,2 cm’ at the voltage of 45 kV and
the discharge number of 25.

Conclusions. It is proposed a technological scheme of
primary milk whey processing using electro-hydraulic
method.

24 —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1




Food Technologies

Introduction

The plants having a small production volume in most cases return whey to agricultural
commodity producers, which use it to feed the cattle. It is widely known that due to the fact
it contains biologically valuable proteins of animal origin, milk whey is an irreplaceable
product for feeding young cattle and swine. At that, nutritional value of 14 kg sweet or 17
kg sweet wheat equals to that of 1 kg of barley (12,5 megajoules of metabolizable energy
and 11 % of cheese protein), however, the protein quality in whey due to a large amount of
essential amino acid is considerably higher than in the case with barley [1, 2, 13]. That is
why the maximum retaining of proteins in milk whey is topical.

Transporting and storing of organic whey which has not undergone preliminary
preparation irrefutably leads to protein loss caused by deposition of casein dust particles.
The latter, in their turn, impede heat exchange processes at heating to more than 65 °C. At
that, protein intensively exudes on the surface of the heat-exchange apparatus, forming a
burn-on which is hard to get rid of. It leads not only to the sharp decrease in the quantity of
a valuable component, but also lowers the pasteurization efficiency, makes the equipment
cleaning more difficult.

Unwanted denaturation of whey proteins and their aggregation with casein dust can be
avoided provided that mild modes (such as thermisation) [3, 4] are used, but it will not
prevent from the unwanted deposition.

That is why the research aimed at the search for the new ways of whey processing,
which allow retaining all the valuable components, ensuring the sedimentation system
stability is of a particular interest.

The ability of a system to resist the particle deposition is characterized by
sedimentation stability. It is ensured with the help of a variety of factors, depending on
which kinetic sedimentation stability (KSS) and thermodynamic sedimentation stability
(TSS) are distinguished [5, 6].

Kinetic sedimentation stability (KSS) (Formula 1) is typical for disperse systems with
comparatively coarse particles. It is measured with the help of a value which is inversely
proportional to a sedimentation constant (Ssed). In its turn, sedimentation constant depends
on the rate of sedimentation (u) (formula 2):

KSS = € = 29—11 €))
Ssed 2r (p - p())
2
y =28 =P @)
om
in which g is free fall acceleration; p, p, are density values of a disperse phase and
dispersive medium correspondingly; r is a particles’ radius; » is the medium’s viscosity.

For particles the size of which amounts to less than 0,1 micrometer, thermal motion
and diffusion are taken into account. During the process of the particles’ deposition
concentration changes according to the height of a liquid column — in higher layers it
decreases, whereas in lower ones this value increases. These systems are characterized by
thermodynamic sedimentation stability, which is directly connected to sedimentation and
diffusion balance (formula 3).
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k,T
ve(p—p)’
in which v is the volume of particles, v =z’ /3 ; T is temperature, k, is a constant.

The organic whey contains particles the size of which equals up to 50 nanometers,
while the coagulated particles of casein dust amount to maximum 2-2,5 micrometers [1],
that is why in the first place kinetic sedimentation stability has to be taken into account in
this system.

As it can be seen from the formula 1, KSS value is higher for smaller particles. Thus,
dispersion is viewed as an acceptable way to address the problem of unwanted coarse
casein dust particles and the remnants of curd’s sedimentation.

The majority of methods based on the range of mechanical and physical effects
(cleavage, grinding, crushing of particles, super-high-speed flow of liquid through the
narrow gap ‘valve seat-valve’, adiabatic boiling in the vacuum, disk dispersion,
hydrodynamic cavitation, impact, pulse, ultrasonic medium disturbance etc.) ensure
disintegration of particles to a medium diameter of 1-2 micrometers and larger.

The given rate of dispersion is not suitable for achieving our aim, since the size of
coagulated casein dust particles remaining in whey after ripening or sedimentation of the
basic product, which are able to form unwanted sediment, amounts to 2—2,5 micrometers
[1].

Electrophysical methods are believed to be promising in this case, as they not only
contribute to dispersing, but also decreasing the amount of microscopic flora in general [7—
9]. High-voltage pulse in liquid, resulting in electrohydraulic effect, seems to be of
particular interest to us. The essence of this method is in forming within a volume of liquid
pulsed electric discharge, causing high hydraulic pressure as well a variety of physical and
chemical phenomena to emerge. The latter include hydrodynamic shock, linear liquid flow
at super-high-speed, impulse cavitation, polydisperse ultrasonic radiation, the effect of
plasma in a spark channel, accompanied by infrared, ultraviolet radiation, impulse
electromagnetic fields etc. [10, 12].

There is insufficient amount of data concerning the influence of this electrophysical
method on the content and qualitative characteristics of milk whey, which is also true for
prospect of its realization for dispersion of coagulated casein dust particles and decrease in
the level of biological contamination.

Having taken into account all the facts given, we believe that the improvement of
primary milk whey processing by using the hydraulic effect is bound to be a topical and
promising line of research.

TTS = 3)

Materials and methods

The object of the research was milk whey with mass fraction of protein amounting to
1,0...1,5 %, received during the production of non-fat cottage cheese.

The milk whey processing with electric discharge was carried out in the experimental
technological complex consisting of the surge current generator GIT50-5%1/4S, discharge
chamber, measuring and auxiliary instruments [8].

Discharge circuit and processed medium parameters were as follows:

- voltage equaled 30—45 kV in increments of 5;

- the amount of discharge pulses 5-25 s in increments of 5;

- the energy in a discharge channel — 4,5-5,5 kilojoules;
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- the volume of a discharge chamber amounted to 2700-3000 cm;

- temperature of the processed medium — 6 + 2 °C, 20 =2 °C and 30 £ 2 °C.

Statistical distribution of the particle size in milk whey and its electrokinetic potential
({-potential) was researched using the method of dynamic light scattering in the analyzer
Malvern Zetasizer Nano ZS (Malvern Instruments Ltd., Great Britain) with the detection
angle of 173 °, helium-neon laser with its power amounting to 4 mW and a wavelength of
633 nm.

All the measurements in the research were made at the temperature of 25 °C. In order
to control the results’ repetitiveness every sample was measured at least three times. The
size distribution in the intensity units was received from the correlation function analysis
using the General purpose algorithm in the analyzer’s Zetasizer Software 6.20.

We have carried out the multifactorial experiment followed by statistical data
manipulation and defining corresponding mathematical relations between the average
hydrodynamic diameter, polydispersity index, voltage and the number of electric
discharges. The mathematical relations were generally presented in such an equation:

D =f(U, n)and Pl =f (U, n),

where D is an average hydrodynamic diameter, P/ is a polydispersity index, U is
voltage, n is the number of discharges.

Sedimentation process of milk whey particles was researched with software package
based on the finite volume method which is used for modeling of 3—D liquid stream and gas
in technical and natural objects and also for visualization purposes of this stream by
computer Figure ic.

An analytical model of milk whey particles sedimentation process is based on the
following equations of Navier-Stokes flow continuity:

a—V+V(V®V) = —E+l(,u+,ut)[VV+(VV)TJ+(1—'D}’—ydjg
ot p P P

VvV =0,

where V — vector of relative velocity, m/s;

t —time, s;

P —relative pressure, Pa;

p — density, kg/ m’;

U, K — dynamic and turbulent viscosity, Pa-s;

Pnyd — hydrostatical density, kg/m®;

g — gravitational vector, m/s”.

Results and discussion

The expediency of using the method offered in the technology of primary milk whey
processing was supported by experimental research of particle size before and after
processing, sedimentation system stability, microbiological whey readings and its storage
life.

Having studied the dispersion phase whey transformations due to dispersion using the
method given, we have defined the relation between the size of the particles and the
processing parameters, namely voltage and the number of discharges.
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In many real systems, including milk whey, the particle form is not spherical, that is
why to the particles of this kind the notion of hydrodynamic radius is applied (diameter).

We have noticed that at the voltage of 30 and 35 kV and the discharge number of
5...15 the particle dispersion was insubstantial. The average particle size decreased only by
22...30%. It was also concluded that at the voltage growth as well as increase in a discharge
number the peak values on the distribution curves shifted to the particle size of 500...1000
nm, while the average hydrodynamic diameter decreased. The best results during the
electrohydraulic milk whey processing were achieved at the voltage of 45 kV and the
discharge number amounting to 25. The distribution curves of the particle size in the
unprocessed whey and the whey after electrohydraulic processing at the given parameters
are shown on the Figure 1 (a, b).
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Figure 1. The distribution according to the milk whey particle size before (a) and after
electrohydraulic processing at the voltage of 45 kV and the discharge number of 25 (b)
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It was stated that the original whey contained the particles of a size amounting to
more than 500 nm; their volume took up 89 %. The average hydrodynamic diameter of the
particles was (1697,5 £ 82,38) nm, the polydispersity index equaled 1,0.

It has been found that after processing the average hydrodynamic diameter
decreased from (1697,5 £ 82,38) nm to (221,34 + 10,3) nm at maximum voltage and
discharge number. The polydispersity index at that plummeted from 1,0 to 0,35...0,40,
which characterizes the system as the one close to monodisperse state. The particles larger
than 500 nm have not been found.

As the result of statistical data processing after the conducted research we have
received the regression equations describing the influence of electrohydraulic processing
parameters on the system dispersion degree characteristics — the average hydrodynamic
diameter and polydispersity index. The Figure ical depiction of the received equations is
shown in the form of a response surface (Figure 2).

Mathematical and statistical data processing confirmed that voltage U and the
discharge number n substantially influence the particles’ dispersion, providing us with the
ability to define the rational parameters of electrohydraulic processing: the voltage amounts
to 45 kV, whereas the discharge number equals 25.

a b

Figure 2. The response surfaces depicting the influence of voltage and discharge number during
electrohydraulic processing on the average hydrodynamic particle diameter in milk whey (a)
and polydispersity index (b)

Table 1
The results of statistical research data processing
No Regulated index Regression equation
1 The average D (U,n)=71.4116-U—2.167-Un — 1.01036-U" +
hydrodynamic diameter +0.8817-n°+ 9.283n + 681.1
2 The polydispersity index PI (U,n)=0.1092-U-0.00149-U-n-
-0.0014-U*+0.000068-n°+0.03685-n-0.947
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We carried out mathematical modeling of sedimentation process of casein particles
before and after electric spark processing. This model was prepared for the justification of
preservation term for the processed whey without sedimentation and protein losses.

Visualization of sedimentation process is carried out with computer graph is presented
on Figure 3.

Average \\ Average
concentration, % concentration, %
| 1 " | 1 |
100%
1 b 2 1
t
1 |
Average Y Average
concentration, % - concentration, %
| | ojommy 5 oo, S O
100% 100%
¢ 2 1 d 2 1

Figure 3. Change in particles concentration in milk whey during:
a — 2 hours, b — 24 hours, ¢ — 48 hours, d — 72 hours

The results provide a basis for conclusion for preservation of sedimentation stability in
the processed whey as long as 72 hours.

In order to measure the sedimentation stability of the whey particles before and after
processing, we defined the rate of particle sedimentation and KSS (formulae 1 and 2), as
well as the sediment volume, which parted as a result of forcible deposition in the
gravitational field. It was concluded that resulting from the decrease in size of protein
particles caused by electrohydraulic processing the rate of sedimentation became several
times slower, whereas KSS increased. The sediment volume in the processed whey
decreased from 0,9...1,1 to 0,1...0,2 cm? at the voltage of 45 kV and the discharge number
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of 25. In the processed whey the visible protein deposit appeared only after 3 days of
storing; conversely, the unprocessed whey contained deposited protein particles after just a
few hours after it was put away.

The results concerning the electrokinetic potential indicate that system stabilizes and
the process of whey particles’ sedimentation slows down after electrohydraulic processing.
In this way, at voltage of 45 kV, as the discharge number increases, the absolute value of
C-potential of the processed whey particles increased from -0,06 = 0,002 up to -4,02 £+ 0,26
mV, illustrating that sedimentation stability in the processed milk whey rises.

On the basis of the conducted research we have created a flow chart of milk whey
primary processing algorithm using electrohydraulic method (Figure 4).

Milk whey
gathering

Cooling up to
t—6+2°C

v

Time

A

Yes

\4

Electric spark processing
U=45kV. n=25

Yes The main product
manufacturing

Cooling up to 4
+2°C

v

Storing up to
72 hours

P=1 — checking whether it is possible to process milk whey after it was received;
C = 0 — defining whether milk whey will undergo further processing or storing.

Figure 4. The flow chart of milk whey primary processing algorithm using electrohydraulic
method
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The processing may be carried out right after milk whey receiving or interim
reservation. After electric spark processing whey is used for further technological purposes
depending on the type of the manufactured product.

According to the results of this research, after such processing milk whey may be
stored for 48 hours retaining its sedimentation stability, organoleptic, physical, chemical
and microbiological properties.

Thus, after a series of experiments we have come to a conclusion that electrohydraulic
processing of cottage cheese whey ensures increase in its sedimentation stability due to
dispersion of casein dust particles to the average hydrodynamic diameter (221,34 + 10,3)
nm. The rational mode of cottage cheese processing was defined, namely voltage
amounting to 45 kV, the discharge number equaling 25. It was proved that the given
processing mode leads to a slowdown in sedimentation of particles and decrease in protein
losses after primary processing.

Finally, the given technological scheme of milk whey primary processing using
electrohydraulic method will allow stabilizing and retaining the quality of whey, as well as
prolonging its storage life.
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Introduction. This study was carried out to investigate
the pasting characteristics of wheat (WF) and breadfruit
(BF) flour blends for probable industrial uses.

Materials and methods. The breadfruit was sorted,
washed, peeled, sliced, blanched, cooled, drained, dried at a
temperature of 65°C in cabinet dryer , milled into flour and
blended with wheat flour at different ratios (100:0, 90:10,
85:15, 80:20,75:25, 100:0) of wheat: breadfruit flour. The
composite flour blends were thereafter subjected to pasting
characteristics analysis.

Results and discussion. The peak viscosity varied from
193.5 to 270.68RVU for the wheat-breadfruit flour and
there were significant (p<0.05) differences in trough
viscosity among the wheat-bread fruit flour samples.
Trough viscosity gives a measure of the tendency of the
paste to breakdown during cooking. The breakdown
viscosity varied from 72.92 to 106.08 RVU. The final
viscosity varied between 216.67 and 275.75 RVU with
100% breadfruit flour having the highest value of final
viscosity and it indicates the stability of the cooked paste.
The setback viscosity varied between 96.08 and 111.75
RVU. The peak time varied from 4.43 to 4.66 min with
100% wheat flour having the highest value and wheat-
breadfruit composite flour blends at 15% had the lowest
value. Significant (p<0.05) differences were observed in the
pasting temperature of wheat-breadfruit flour blends.
Pasting temperature gives an indication of gelatinization
time during processing

Conclusion. The result revealed that as more and more
breadfruit flour was added to wheat flour, there was
improvement in the pasting characteristics of the composite
flour.
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Introduction

Flour is fine powder made from cereals. It can equally be produced from other starch
based produce such as cassava, maize, yam, nuts etc. Flour is the major ingredient in bakery
goods production and most especially bread which constitutes a staple in the diet of many
countries. The availability of adequate supply of flour has often been a major economic and
political issue. Flour produced from non wheat sources are otherwise known as composite
flour. In many developing countries the use of composite flours have the following
advantages (a) saving of hard currency, (b) promotion of high-yielding, native plant species
(c) better supply of protein for human nutrition, and (d) better overall use of domestic
agricultural production [1,2]

Breadfruit (Artocarpus altilis) is widely cultivated to appreciable extent in south-west
states of Nigeria. Present level of breadfruit production in the south-western Nigeria has
been estimated to about 10million tones dry weight per year with potentials for exceeding
100million tones every year [3, 4]. Breadfruit (Artocarpus altilis) is a tree and fruit native
to Malaysia and countries of the south pacific and the carribean. It is an important food in
these areas [5]. Breadfruit is a fruit tree that is propagated with the root cuttings and the
average age of bearing first crop is between 4 to 6 years [6]. It produces its fruit up to three
times and the number of fruits produced is very high. The fruit has been described as an
important staple food of a high economic value [7]. The bread fruit pulps are made into
various dishes; it can be processed into flour and used in bread and its biscuit making [6].
Breadfruit has also been reported to be rich in fat, ash, fibre and protein [8]. Despite the
importance of this fruit, its production is faced with several problems including short shelf
life and poor yield due to diseases [9]. The fruits are utilized in Nigeria within 5days of
harvesting because of their short shelf lives. One way to minimize post-harvest losses and
increase the utilization of breadfruit is through processing into flour. This is a more stable
intermediate product.

Several information are available on the use of wheat-based composite flour in Nigeria
comprising buckwheat [10], plantain [11], modified corn starch [12], waxy corn starch [13,
14], sunflower flour [15], chick pea [16] and bean flour [17]. Information is however scanty
on the use of composite flour from wheat and breadfruit. Although breadfruit is a highly
perishable, underutilized fruit and need more attention because of its nutritional qualities.
This study is therefore aimed to produce flour blends from wheat and breadfruit and to
determine its pasting characteristics of wheat and breadfruit flour.

Materials and Methods

Materials

Matured green ripe and wholesome breadfruit was purchased from a local market in
Owode-Yewa, Ogun State, Nigeria. Commercial wheat flour (Golden penny) was
purchased from Kuto market in Abeokuta, Ogun State. Equipment used includes cabinet
dryer, desiccators, milling machine, mechanical sieve, mixer, digital weighing balance,
stirrer, Rapid Visco analyzer (RVA), knife, bucket and stainless steel perforated tray

Methods

Production of Breadfruit Flour (BF)
The modified method of [9] was used for the preparation of breadfruit flour. The
Breadfruit was thoroughly sorted to remove bad ones from the lot. The sorted fruit were
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washed to remove adhering soil and dirts. This was followed with peeling. After peeling,
the tuber were sliced to facilitate rate of drying and ease milling operation, the sliced tuber
were blanched at 60 °C, for 15 min in order to inactivate enzymes that may cause browning
reaction. These were then cooled, drained and followed by drying. After blanching, the
chips were spread out uniformly on a stainless steel perforated tray and dried in a cabinet
dryer at 65 °C for 24 hrs. Following drying, the slices chips were milled using laboratory
hammer mill (Fritsch, D-55743, Idar-oberstein-Germany) and the milled sample was sieved
(using 250 um screen) to obtain the flour. The breadfruit flour was packed and sealed in
polyethylene bags at ambient temperature 26 + 2 °C and 760 mm Hg until further analysis

Blends formulation

The blends of wheat and breadfruit were mixed together using a Kenwood mixer
(Model HC 750 D, Kenwood, Britain, UK). The flour blends were prepared by substituting
wheat flour for breadfruit flour in the percentage proportion of 100:0, 90:10, 85:15, 80:20,
75:25, and 0:100 respectively.

Pasting characteristics of wheat-breadfruit composite flour

Pasting characteristics were determined with a Rapid Visco Analyzer (RVA
TECMASTER, perten instrument). Three grams of sample were weighed into a dried
empty canister, and then 25ml of distilled water was dispensed into the canister containing
the sample. The suspension was thoroughly mixed properly so that no lumps were obtained
and the canister was fitted into the rapid visco analyzer. A paddle was then placed into the
canister and the test proceeded immediately automatically plotting the characteristic curve.
Parameters estimated were peak viscosity, setback viscosity, final viscosity, trough,
breakdown viscosity, pasting temperature and time to reach peak viscosity.

Statistical Analysis

Data obtained were subjected to statistical analysis. Means, Analysis of variance
(ANOVA) were determined using SPSS Version 21.0 and the differences between the mean
values were evaluated at p<0.05 using Duncan’s multiple range test

Results and discussion

The pasting properties of wheat-bread fruit flour blend is shown in Table 1.When
starch-based foods are heated in an aqueous environment, they undergo a series of changes
known as gelatinization and pasting. These are two of the most important properties that
influence quality and aesthetic considerations in the food industry, since they affect texture
and digestibility as well as the end use of starchy foods [18]. The pasting properties are
important as it is used in predicting the behaviour of flour during and after cooking. The
peak viscosity varied from 193.5 to 270.68 RVU for the wheat-breadfruit flour with 100%
breadfruit flour having the highest value of 270.08 RVU and 100% wheat flour having the
lowest value of 193.5 RVU. Significant (p<0.05) differences were observed in the peak
viscosity of wheat-breadfruit flour. Peak viscosity is the highest viscosity achieved during
cooking of flour pastes. It is the maximum viscosity developed by a starch-water
suspension during heating [18]. It gives an indication of the ability of starch to swell freely
before their physical breakdown. The variation in peak viscosity of wheat-breadfruit
composite flour could be as a result of the amylose content of the starch [19]. Relatively
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high peak viscosity of flour, are indication that the flour may be suitable for products
requiring high gel strength and elasticity [20]. The high peak viscosity displayed by 100%
bread fruit flour implies that the flour may be suitable for product requiring high gel
strength and elasticity. The higher the breadfruit flour was added to wheat flour, the peak
viscosity increases. The peak viscosity values obtained in this study was lower than the
range of values (172.25 to 340.00 RVU) reported by [21] for instant yam-breadfruit
composite but higher than that of 145.28 and 228.11 RVU for germinated tigernut reported
by [22]. There were significant (p<0.05) differences in trough viscosity among the wheat-
bread fruit flour samples. The trough viscosity is an indicative of additional breakdown of
granules due to stirring, reflecting and stability of the hot paste. It gives a measure of the
tendency of the paste to break down during cooking. As more and more wheat flour was
incorporated, the trough viscosity was on the increase. Therefore, the higher the trough
viscosity, the greater the ability of the paste to withstand breakdown during cooling. The
trough viscosity obtained in this study was higher than the one reported by [22] for tigernut
flour from germinated seeds. The breakdown viscosity varied from 72.92 to 106.08 RVU.
The breakdown viscosity value is an index of the stability of starch [23].Break down
viscosity measures the ability of paste to withstand breakdown during cooling. The higher
the breakdown in viscosity, the lower there ability of the sample to withstand heating and
shear stress during cooking [19]. 100% breadfruit flour had the highest value suggesting
higher stability of starch. Oduro et al., [24] explained that starch with low paste stability or
breakdown shows weak cross linking among the granules.

The final viscosity is the change in the viscosity after holding cooked starch at 50 °C.
The final viscosity varied between 216.67and 275.75 RVU with 100% breadfruit flour
having the highest value of 392.29RVU and 100% wheat flour having the lowest value of
216.67 RVU. It gives an idea of the ability of a material to form gel after cooking. Final
viscosity is used to define the particular quality of flour and indicates stability of the cooked
paste in actual use. It also indicates the ability to form paste or gel after cooling [20]. As
more and more breadfruit flour was added to wheat flour, the final viscosity was on the
increase suggesting higher resistance of paste to shear force during stirring. The variation in
the final viscosity might be due to the sample kinetic effect of cooling on viscosity and the
re-association of starch molecules in the samples [25]. The setback viscosity varied
between 96.08 and 111.75 RVU. The peak time varied from 4.43 to 4.66mins with 100%
wheat flour having the highest value of 4.66 min and wheat-bread fruit composite flour
blends at 15% had the lowest value of 4.43 min. Setback is a measure of the stability of
paste after cooking. It is a phase where during cooling of mixture, a reassociation between
the starch molecules occurs to a greater or lesser degree. It therefore affects retrogradation
or reordering of starch molecules which is associated with syneresis and weeping [26]. The
higher the setback value, the lower the retrogradation during cooling and the lower the
staling rate of the product made from the flour samples [27]. The low setback value
obtained in 100% wheat flour indicates high stability after cooking [28]. Peak time is the
time at which the peak viscosity occurred in minutes and it is a measure of the cooking time
of the flour. The peak time varied from 4.43 to 4.66 min with 100% wheat flour having the
highest value of 4.66 min and wheat-bread fruit composite flour blends at 15% had the
lowest value of 4.43 min. Peak time for 100% wheat flour recorded the highest value for
peak time suggesting more processing time.

The pasting temperature varied from 83.05 to 84.20. 100% wheat flour had the highest
pasting temperature of 84.20 °C, while wheat-breadfruit composite flour blends at 25% had
the lowest pasting temperature of 83.05 °C. Significant (p<0.05) difference were observed
in the pasting temperature of wheat-breadfruit flour blends. Pasting temperature gives an

36 —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1



Food Technologies

indication of the gelatinization time during processing. It is the temperature at which the
first detectable increase in viscosity is measured. A higher pasting temperature implies
higher water binding capacity; higher gelatinization [29]. 100% wheat flour recorded the
highest pasting temperature which indicates the presence of starch that is highly resistant to
swelling during cooking time.

Table 1
Pasting properties of wheat and breadfruit flour blends

WF:BF | Peak Trough | Breakdown | Final Setback | Peak | Pasting
Viscosity | Viscosity | (RVU) Viscosity | Viscosity | time | Temp.
(RVU) | (RVU) (RVU) | (RVU) | (min) | (°C)
100:0 | 193.5° 120.58" | 72.92° 216.67° | 96.08" 4.66° | 84.20°
90:10 | 237.75" | 149.25° | 88.50° 253.58° | 115.67° | 4.53* | 83.55
85:15 | 243.83™ | 145.00° | 98.83° 264.92° | 108.58" | 4.43° | 82.25°
75:25 | 245.58° | 153.25°° | 92.33° 270.25° | 117.00® | 4.53" | 83.05°
80:20 | 248.25° | 154.58% | 93.67° 271.58° | 117.00° | 4.50* | 83.50°
0:100 | 270.08° | 164.00° | 106.08" 392.29° | 111.75® | 4.56" | 83.55"

Mean values with different superscripts within the same column are significantly different (p <0.05)
WE- Wheat flour, BF- Breadfruit flour

Conclusion

The study showed that blending of wheat flour with breadfruit flour improved the
pasting properties of the composite flour and this suggests that the flour blends will be
useful in production of bread or other baking products. Therefore, breadfruit flour which
can easily be processed from available raw material will go a long way in saving cost of
production and improved product quality.
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Introduction. The aim is to investigate the influence of
algae on the change of indicators of quality of butter during
storage.

Materials and Methods of the study. One had chosen
the samples of butter with the powder from laminaria, fucus,
spirulina and cystoseira as the object of the study; the butter
with mass fraction of fat 62,5% had been chosen for control.
Samples have been stored at the temperatures of 3 = 2 °C
(above) and 7 + 2 °C (below) for appropriate determining of the
ongoing changes in samples’ organoleptic properties (taste and
smell) as well as the primary oxidation of products — Peroxide
and hydrolysis of lipids at different stages.

Results of the study. The use of algae for butter
production allows to extend product storage life twice.
Therefore, the dynamics of organoleptic characteristics of
butter containing algae showed a quality improvement for
control samples during storage at a temperature of +3 + 2 °C at
the 45th day by 4 points, those containing algae by 2 points;
when stored under conditions of -7 £ 2 °C at the 65th day
indicators decreased by 5 points in the control sample, and by 2
points if to talk about those containing algae. When storing the
samples under conditions of the temperature of +3 + 2 °C, the
change of the set of indicators takes place more intensively in
comparison with storage conditions at a temperature of -7 + 2
°C, which is explained by the influence of low temperatures.
Peroxide value of fat in the control sample of the butter after 30
days was 4.9; peroxide value of the butter containing algae was
from 3,2 to 3,5% O mmol/kg, respectively. Similar dependence
is set in the study of the hydrolysis of fat, as all kinds of algae
slow the processes of accumulation of free fatty acids twice.
We may presume, that the effect observed is caused by the
presence of selenium, pigments, bioflavonoids in algae, and the
formation of polysaccharide-lipid complexes on the surface of
nanograins, which protect the fat phase from oxidation and
hydrolysis.

Conclusions. Addition of algae to butter slows the
deterioration of the organoleptic characteristics, as well as the
processes of oxidation and hydrolysis of fat during storage both
at low and high temperatures.
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Introduction

One of the important directions of the food industry development is the use of natural
antioxidants in technology of dairy products production to increase their storage life. Butter
is a product containing a large amount of fat, which is subjected to hydrolytic and oxidative
damage in the process of storage. Addition of natural antioxidants in butter contributes to
maintaining high consumer performance of the product by blocking the accumulation of
free radicals and free fatty acids. Numerous studies have shown, that the addition of herbal
supplements improves the organoleptic characteristics of the product, has a positive effect
on the formation of its structure and consistency, gives the product a high ductility index,
thermal stability and spreadability, and slows oxidation processes during storage [1-6]. As
the additives one had used herbal supplements of functional destination — polysaccharides
with pectin and inulin, cryo-powder made of beetroot, blackcurrant buds, artichoke, carrot,
with the addition of flax seeds etc. [2]. In the laboratories of the All-Russia Dairy Research
Institute a wide range of oily paste with honey, cocoa, chicory, fruit and berry, vegetable
and mushroom supplements, herbs and spices, and even with sea- or meat products had
been developed [3].

In France, scientists had developed many delicacies based on butter and those
contained vinegar mixed with a dry white wine, onions, sorrel, carbohydrates (sucrose and
lactose), sodium glutamate, spices, dextrin, cereals flour, edible salts [7].

There are some scientific developments concerning complex addition of extracts of
sage, cinnamon, rosemary, cloves, oregano, cumin and thyme [10, 11]. The aim of these
types of butter development was the improvement of stable quality characteristics of the
final product during storage due to the addition of natural antioxidants. Researchers have
found that plant extracts and their supplements have improved organoleptic characteristics
of the products, greatly enhanced their consumer characteristics and contributed to the
formation of stronger structural links in monolith, inhibited the growth of microorganisms
and slowed oxidation and hydrolysis processes during the storage [12]. At the same time,
using the above mentioned ingredients in the butter production cannot solve urgent
problems, such as elimination and prevention of iodine deficiency, entry into the diet such
antioxidants like selenium, pigments, bioflavonoids and polysaccharides, which together
improves organoleptic indicators of butter [13] and obviously will help to increase their
storage life.

The development of butter with apricot and lemon powder is known to be done in
Bulgaria and Germany [14, 15].

Currently, there is increased attention to algae, which contain a complex of organic and
mineral substances essential for our body. Chemical composition of algae is characterized
by containing high-molecular polysaccharides such as alginic acid (25%), mannitol (up to
21%), fructose (4%), vitamin B, B, By, A, C, D, E, pigments, bioflavonoids, iodine,
selenium, etc. Therefore, algae considerably exceed usual terrestrial plants. Thus, the use of
algae as supplements (additives) can solve the problem of the storage life prolongation and
increase the biological value of the product.

The main objectives of this study is to determine the effect of algae supplements on the
organoleptic characteristics and lipid indicators of quality during the storage under different
temperature conditions.
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Materials and methods

Butter with algae was produced using the method of high fat cream whipping. Adding
those prepared additives was provided before the thermomechanical processing of fat
cream. They used algae powder made of laminaria, fucus, spirulina, cystoseira. The amount
of additives in the final product is determined by organoleptic method, so it was 4.0%for
laminaria and fucus, 3, 0% for spirulina, and 3, 5% for cystoseira per 100 grams of product.

Control sample of butter with fat content of 62.5% was produced from the same raw
material by the conventional technology.

The samples were stored under two temperature conditions: 3 £ 2 °C (above) and 7 £ 2
°C (below). They observed the changes in the organoleptic characteristics according to the
method [13]. Before the first evaluating, the consistency of butter samples with algae was
adjusted to the desired temperature. The consistency was measured at a temperature of 18 +
1 °C by cutting. The main characteristics to judge were the stable or changeable butter
structure, the presence or absence of moisture on the cut. The color of the test samples of
butter with algae was determined by eye inspection. The smell and the taste was determined
using organoleptic method: 5 g of the product was chewed for 30 seconds without
swallowing, distributed across the mouth and has been got a taste captured in the initial
moment of the sample placed on the tongue and after chewing.

Accumulation of primary oxidation products was determined by peroxide value [16].

The acid value was determined by titration of the fat sample by the solution of
potassium hydroxide with phenolphthalein indicator [17]. All studies were conducted 5
times and were statistically registered.

Results and discussion

One of the main causes of butter quality decrease is the oxidative damage at its fat
phase, which predetermine changes in product’s flavor. Results on the change of
organoleptic evaluation of butter samples with algae compared to the control (during the
storage at a temperature of +3 = 2 °C) are shown in Figure 1.

All samples had acceptable organoleptic characteristics and had plastic moderately dense
texture, pure and pleasant taste, and aroma of additives used.

The deterioration of the organoleptic characteristics during the storage was observed in
all butter samples, however in the control sample these changes took place at a higher rate
as compared with the samples with algae. Thus, on the 45th day of storage the reduction of
the organoleptic characteristics in the control sample was of 4 points, while in the samples
with algae — 2 points.

Freezing and cold storage slows the deteoration of product quality, which is also
resemble with our data. Storage at a temperature of -7 + 2 °C is characterized by the
processes of slowing the deterioration of organoleptic characteristics (Figure 2).

The deterioration of organoleptic characteristics in the control sample is observed on
the 55th day of the storage by 4 points, in the samples with algae — 2 points. The main
defect of the butter at this stage is its weakly expressed oxidized and fatty taste.

The deterioration of organoleptic characteristics is caused by the processes of oxidation
and hydrolysis of the product’s fat phase.

Dynamics of changes in peroxide value of the butter with laminaria, fucus, spirulina
and cystoseira during the storage at a temperature of 3 + 2 °C is shown in Figure 3.
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Figure 2. Dynamics of changes of organoleptic characteristics of butter
at a storage temperature -7 = 2 °C;
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Figure 4. Dynamics of peroxide value of fat in butter samples during the storage
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The processes of butter samples’ oxidation are going along with identical dynamics of
accumulation of primary products in all samples, but these changes are much greater in
control samples compared to those samples with algae. Thus, algae supplements in butter
slow the processes of primary fat oxidation.

During the first 15 days of storage the peroxide value increased in the experimental
samples and was from 2.89 to 3.23 O % mmol/kg (so the butter is still fresh), and in control
samples the peroxide value was 3.52 %2 O mmol/kg (unfit for the further storage).

On the 30th day of storage, the peroxide number in the test samples was: butter with
laminaria — 3,44 %5 O mmol/kg, with fucus — 3.48 O % mmol/kg, with spirulina — 3.78 O 4
mmol/kg, and with cystoseira — 3.52 O %2 mmol/kg. These indicators show the freshness of
the butter samples, but at the same time they show their unfit for the further storage. The
control sample had substantially higher peroxide value — 5,51 % O mmol/kg; which
supposes that the butter is characterized as the product is not to be stored.

The effect of algae on the deceleration of fat oxidation processes is also observed in the
process of storage of samples at a low temperature (Figure 4).

It should be noted, that low temperatures affect on the intensity of oxidation processes
in butter samples with algae compared with the control samples, and these indicators
become lower.

Hydrolysis of fat with formation of free fatty acids can accelerate oxidation processes,
because free, and not bounded in triglycerides, acids are oxidized first [3]. Dynamics of
changes of fatty acid value of butter with algae during the storage at a temperature of 3 £
2°C is shown in Figure 5.

The results of these studies show that the hydrolysis of the butter fat with algae is
slower than in control samples. Algae has no significant effect on the rate of flow of lipid
hydrolysis process. The acid value of the control butter sample reaches 2.4 ml of KOH/g of
fat on the 45th day of storage. By that time, the lowest indicator of fat value is observed in
butter sample with laminaria — 1.8 ml of KOH/g of fat; and the highest — the sample with
cystoseira — 2.0 ml of KOH/g off at.

Storage of butter at a temperature of -7 + 2 °C discovers a slowdown in the product’s
hydrolytic processes (Figure 6). The intensity of the hydrolysis of fat under these storage
conditions is lower in butter samples with spirulina.

Thus, algae added in butter slow down the process of deterioration of organoleptic
characteristics, changes in oxidation and hydrolysis processes, and storage conditions also
influence the changes of these indicators. Our findings largely prove previous studies that
have shown the effect of herbal supplements on the complex quality parameters of a butter
[2]. Thus, it was shown that the addition of cryo-powder, made of beet, inulin and flax seed,
in butter deteriorates the formation of peroxides, hydroperoxides, secondary oxidation
products and does not affect the hydrolysis of fat at the same time [8]. The addition of
extracts of thistle milk also allows to increase the storage life of the product [6]. The
peculiarity of plant components is that they consist pigments, bioflavonoids, vitamins,
which are natural antioxidants and can provide antioxidative effect. Algae differ from
terrestrial plants by the presence of selenium element, which is also a powerful antioxidant
[18]. Polysaccharide-lipid complexes can be formed when adding algae powder in butter; in
this case the ouward on the surface of nanograins is formed so it averts the oxidation and
hydrolysis processes. Our surmise is proved by the studies carried out by T. Rashevska [2]
concerning the addition of plant components in butter.
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Figure 5. Effect of algae addition on changes of fatty acid value of butter
at a storage temperature of +3 + 2 °C;
Butter: 1 — control 2 — with laminaria; 3 — with fucus;
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Research results suggest a protective role of algae against oxidation and hydrolysis

processes resulting in deterioration of butter; thus, it contributes to a prolonged storage life
of a product and its organoleptic characteristics under conditions of both low and high
temperatures.

Conclusions

Addition of algae to butter slows the deterioration of the organoleptic characteristics, as

well as the processes of oxidation and hydrolysis of fat during storage both at low and high
temperature conditions. The effect observed may be caused by the presence of selenium
element in algae, pigments, bioflavonoids, as well as the formation of polysaccharide-lipid
complexes on the surface of nanograins, which protect the fat phase from oxidation and
hydrolysis processes.
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Introduction. The processes of structure formation in
emulsion-type sauces using phyto- and oil carotene containing
semi-finished product — a mixture fine powders of spicy-
aromatic and carotene containing raw materials and oil in the
environment. The prospect of using the technology developed
semi low-calorie sauces emulsion type is the manifestation of
surface-active properties of said plant material.

Material and methods. Structural and mechanical
properties of the finished sauce was studied using a rheometer
AR 2000EX. Forms of communication research in water
samples sauces determined on derivatograph Q-1500D.
Emulsifying properties of powders spicy-aromatic and carotene
containing materials described by phase inversion points.

Results and Discussion. Due to the content of
polysaccharides and essential oils, crushed and dried raw of
spicy-aromatic and carotene containing able to create stable
colloidal systems — emulsion type oil in water. Research
emulsifying ability and fine powders of spicy-aromatic and
carotene containing raw materials in emulsion oil in water
showed that the emulsifying ability parsley powder is 16% and
36%, which is higher than the powder with dill and carotene
containing raw materials respectively.

A determination of rheological properties depending on the
concentration sauces phyto- and oil carotene containing semi-
finished product. Ready sauce with a mass fraction phyto- and
oil carotene containing semi-finished product 30% shear rate of
200 s has an effective viscosity in the range of 22-50 Pa-s,
which is optimal for the type of emulsion sauces.

Value Relations moisture in the form of emulsion-type
sauces approaching the optimal concentration phyto- and oil
carotene containing semi-finished product 30% by weight of
the sauce. Thus there is a stronger binding moisture promotes
aggregative stability system prevents their separation.

Conclusions. Sauces emulsion type, made on the basis of
the developed intermediate product, have optimal rheological
parameters. Thus, we can recommend phyto- and oil carotene
containing semi-finished product for sauces emulsion type of
high nutritional value without the use of additional emulsifiers,
structure-synthetic nature.
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Introduction

Expanding of restaurant network Bistro facilities, cafes, students dining, as the rapidly
growing and dynamically developing sector of economy, which is characterized by
deficiency of products that are with balanced nutritional and biological value, especially
with using of vegetables [1]. In assortment, there are mainly carbohydrate-fat foods and in
result, this is leading to a destruction of the structure of nutrition and growing of different
illnesses of different nature, especially to obesity. So, it is an actual scientific and technical
deal to involve dry vegetables to process streams production of culinary products in the
network Bistro and it helps to particular or complete resolution of the problem. It is
important to consider rehydration properties of dry vegetables in developing food products
because they mostly effect on organoleptic, physical-chemical quality parameters and
structural-mechanical properties of food products with their use.

The aim of research was to study rehydration properties of powder of cabbage for using
in a number of food product technologies.

Materials and methods

In researches we have chosen powder of cabbage with a final humidity content of 7%
which was received by mixed method of heat supply [2]. Powder of cabbage consists
mainly from particles of 5..50 mm. In order to predict the behavior in a multi component
food systems we researched its rehydration properties in polar environments: solutions of
sodium chloride (0,5 and 1,7%), sucrose (1,1 and 5%), dimethyl acid (pH = 4.5) and
sodium bicarbonate (pH = 6) at 20 and 40 °C by coefficient of water absorption [3] and
microstructure researches.

Microstructure of powder was learned by optical (MBI-15) microscope with «passing
light. For preparing microscope preparations we have done preliminary recovery of powder
in water at 25 °C with an exposure of 5 minutes [4].

The resulting slurry was applied to a glass slide and was wrapped with a cover.

Microstructure of researching powders study was performed by 400 times increase.
Most common fields of view were photographed while watching preparations [5].

The size of the pores was determined to install Mac-Ben adsorption of water vapor [6].

We used thermal method of analyses for humidity connects in native and restored
powders exploring which helps us to make sample temperature measuring, changes of its
mass, changes of mass speed and enthalpy changes [14]. Curves were shot on Pauli-Erden
Q-1500D derivatograph system on air with speed of temperature increasing at 5 C/min.
Weight of samples was 150...250 mg. Speed of samples was 2 mm/min Alumina oxy at
2500°C was chosen as inert material.

Combined derivatograph curves consideration — differential-thermal analyses (DTA),
thermogravimetric (TG), differential thermogravimetric (DTG) curves and temperature (T)
gives us an opportunity to estimate chemical and physical transformations in researched
sample while boiling with a given temperature increasing speed and to make quality and
quantity assessment of this transformations [15].

According to obtained derivatogrames we made determining of the temperature peaks
and intervals of its removing with different types of connection. Quantity of removed
humidity was determined by TG curve in percents.
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Results and discussions

Powder of cabbage by mixed method of heat supply process at temperatures of 50 and
70°C is selected as deemed «marginaly, investigated the pore sizes by setting Mak-Ben. It
presents results of investigations on the isotherms of water vapor in the samples from
cabbage powders and the pore distribution curve radii (Figure 1, a-d).
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Figure 1. The adsorption isotherms of water vapor (a, c¢) and the distribution of pore radii (b, d)
of the powder-dryer cabbage-mixed supply of heat

Structural characteristics of vegetable powders, MSH-derived and convective drying
method, which have been removed in the water vapor, in Table 1.

By the analysis of adsorption isotherms of water vapor vegetable powders — Figure 1 —
it can be concluded that the experimental samples MSH drying with same structure of
adsorption. When this difference is insignificant in the presence of somewhat larger
amounts of sample powder in the pores of the cabbage, which obtained 50 °C, as compared
with the sample of 70 °C (Figure 1, a and c¢), since the first adsorption isotherm is
somewhat higher that similarly in the graph the distribution of radius of pore. Therefore, the
area under the curve of the powder sample of cabbage ZTP-drying 70 °C is greater,
indicating that the more he has.
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Table 1
Structural characteristics of vegetable powders, which have been removed in water vapor

Index Meaning cabbage powders obtained by drying:
convection MSH with 50 °C | MSH with 70 °C

The energy of activation of water, 45 3.1 32
kJ/mol
Structer characteristics:
The §pec1ﬁc surface of the sample 126 115 79
S, m’/g
Square error of calculation of the 0.92 0,70 0,69
surface, R
Sorption pore volume, Vi, cm’/ g 1,56 1,16 1,20
Diameter of the pores,
D, 10", m 792 403 608

Hysteresis curve (Figure 1, b and d) of samples of powder cabbage MSH drying
indicates presence of small sizes of pore, and removing moisture from the delayed samples.
This we see in the graphs and distribution of pore radius where the available time with the
size of 17,4 and 18,0 - 10" m (Table. 1).

Image of powder particles cabbage MSH-drying of native and reduced in polar media
at different temperatures are shown in Figure 2. Analyzing the images of the microstructure
(Figure 2) powder particles recovered from the cabbage, it can be stated that in the
dehydration process is influenced by the type and temperature of the medium. Thus, it is
seen that at 20 °C in various media on the surface of cells of vegetable tissue between the
constituent components of the powder and water molecules solvate formed complexes (A)
and is clearly seen in the images associated moisture adsorption layer (B) provided on the
microstructure photographs. Moreover, a greater degree of dehydration process takes place
in a medium with the pH of 6. The tissue regeneration powder in dilute solutions of sodium
chloride (0,5%) and sucrose (5,0%) takes place in a similar way to the aqueous medium.

Powder of cabbage by mixed method of heat supply and restored in polar environments
in different temperatures particle image is shown on Figure 2. Analyzing microstructure
photos (Figure 2) of restored particles of powder of cabbage we can say that type and
temperature of polar environment affect on hydratation process. On microstructure photos
you can see that solvate complexes form in different polar environments on vegetable tissue
surface cell between components of powder and molecules in 20 °C temperature. Bound of
adsorption-connected humidity is clearly visible on photos. At the same time we have to
determine that restoration process effects on pH environments. Mostly rehydratation
process takes place in environment with pH = 6. Restoring of powder tissue in weak
solutions of sodium chloride (0.5%) and sucrose (5,0%) is similar to water environment.
Increasing of sodium chloride and sucrose concentration to 1,7 and 5,0 percents
respectively is leading to deterioration of cell rehydratation process. This can be explained
by high concentration and hydratation properties of this substances. And plasmolysis of
cells appears with increasing of solutions temperature from 20 to 40 °C. On microstructure
photos it is seen that restoration in milk at 20 °C is happening same to week solutions of
sodium chloride and sucrose. Besides fat globules and milk proteins are kept on cells
surface because of high presence of polysaccharides in this raw. With the increasing of
restoring environment temperature, rehydration properties of powder from cabbage by
mixed method of heat supply are increased to.
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Figure 1. Microscopic Structure of Powder of Cabbage which was recovered in different polar

environments by different temperature (increase 400 times)
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Detected of water absorption coefficient of the powder from cabbage (CWA) in these
polar media at a temperature 20 + 2 °C presented in Table 2. As seen from the table, the
greatest value of CWA characterized vegetable powder samples MSH-drying in
comparison to the convective manner regardless of the medium for recovery. Moreover, the
CWA value is somewhat reduced in sodium chloride and sucrose in higher concentrations
of 1,7 and 5,0% respectively, which was confirmed by microstructure powders (Figure 2).

Table 2
The coefficient of water absorption in polar mediums powder of cabbage

Coefficient of water absorption, Binn. oa., powder

Polar mediums of cabbage
Convection MSH-drying
Sodium bicarbonate (pH = 6,0) 4,0+0,1 6,2+0,1
Solution of ethanoic acid 40401 6.0+ 0.2
(pr=4.,5)
Solution of sodium chloride 0,5 % 4,0+0,2 6,2+0,1
Sucrose 1,1 % 43+0,2 6,1+0,1
Sucrose 5,0 % 4,1+0,1 5,0+0,1

Connectives between components of structure in their enter play important role in
forming structure of finished products, what effects on redistribution of humidity connects
form and processes of fat phase crystallization. To establish the influence of drying method
on the redistribution of humidity connects forms held by thermogravimetry method, we
have done exploring of powder of cabbage water phase obtained by convective drying
method and mixed heat supply after their recovery. Thermogravimetric method which is
based on changes of mass and product enthalpy during the heating with given speed was
used for exploring of humidity connectives forms in powder of cabbage samples. In result
of exploring we obtained derivatohrames which were used for determining of removed
humidity quantity, temperature peaks and intervals of its removing. According to our data
we identified humidity connects forms and calculated their percentage — figure 3.

Rebinder standard classification of humidity connects forms was used during analyses
of water phase connectives with powder components [9]. Energy of connects with material
or thermodynamic principle was assigned as classification basis, that’s why it has universal.
According to given classification all connectives forms are divided into three big groups:
physical-chemical, physical-mechanical and chemical.

Powder of cabbage derivatohrames obtained by different drying methods before the
recovery are shown on Figure 4 b. Describing the DTA curves of exploring samples we can
say that removing of humidity in them is same but in different temperature intervals.

Thus, for powder of cabbage obtained by convective drying, temperature peaks of
removing firmly connected humidity are in range 65...160 °C. At the same time in
unrecovered powder of cabbage obtained by mixed method of heat supply temperature
interval of removing firmly connected humidity is shifted toward higher temperatures —
78...175 °C. Increasing temperature peak of removing humidity on 2 °C and diffuse peak
on 9 °C also is observed in given sample. Received results show that in unrecovered
powder of cabbage by mixed method of heat supply, the residual humidity is stronger
connected with its components than in powder by traditional convective drying.
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Comparing derivatohrames of recovered powder of cabbage (fig 3 ¢ and d) it is seen
that their ability to connect and retain humidity is different and depends of drying method.
Thus, overall quantity of connected humidity in powder of cabbage received by convective
drying is 71% and in powder by mixed method of heat supply — 80 %.

Describing DTA curve of recovered powder by convective drying (Figure 3 c¢), it is
seen that peak of removing humidity us wide in low temperature interval — 32...102 °C.
The relative amount of removed humidity is 63%. This indicates on blending of humidity
removing temperature intervals with different forms of connection. According to Rebinder
classification, this humidity is characterized by weak osmotic and mechanical connections
with powder components [11].

Process of removing firmly connected humidity is characterized by a sharp peak at
110 °C and this shows that polymolecular connections are predominance. Comparing
derivatohrames of explored powder samples it is seen that mixed method of heat supply
process promotes the growth of firmly connected humidity quantity with poli- and
monomolecular connections. Character of DTA and DTG curves of recovered powder
indicates it (Figure 3 d).

The relative quantity of mechanical and osmosis humidity in the recovered sample is
47%. Firmly connected humidity is removed differentiated in two temperature intervals
with removing peaks of 114 and 130°C, indicated humidity with poly- and monomolecular
connections respectively. Relative quantity of it is 53%.

So, the results of exploring shows that using of mixed method of heat supply method
promotes forming of powder of cabbage rehydration properties, that are more than in 1.5
times able to connect humidity with strong connections in comparing with convective
drying. From the literature it is known [8] that systems in which microcapillaries are with a
diameter not longer than 10— cm are demonstrated wide and characterized by large amount
of strong connected humidity. Using the known literature data we can make a conclusion
that hardware design and technological modes of mixed method of heat supply process
contribute receiving powder with larger amount of micropores and microcapillaries in
nanoscale range.

Conclusions

1. Powders obtained by drying of cabbage mixed method of heat supply at
temperatures of 50 and 70 °C. Established by setting Mack Ben that the volume of pores
cabbage powder obtained at 50 °C is greater than 70 °C. Most 1,5 times the surface
adsorption of cabbage powder 70 °C allows us to conclude that the absorption of moisture
in the powder will be correspondingly larger sample.

2. The results of the researches show that the receiving powder of cabbage by mixed
method of heat supply promotes maximum saving of vegetable tissue microstructure and
native properties of its components.

3. Hardware design and technological modes of mixed method of heat supply are
proportional influenced on the formation of pores and capillaries in micro- and nanoscale
range what helps to receive a dry product with high rehydration properties.

4. Hardware design and technological modes MSH-drying process is directly
proportional to affect for size of pores and capillaries, in micro- and nano-range, to provide
dried products with high rehydration properties.
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Introduction. To determine the quality of feed mixtures
containing flax extract from serum was investigated
microbiological parameters after extruding feed mixtures of
different prescription in storage.

Materials and methods. Studied feed mixture of wheat,
corn and flax extract on serum basis of different interest amount.
Linen extract obtained by extraction in an active pulsation
dispersant mixture is mixed and aperture extruding a temperature
— 110120 °C. pressure — 4.2 MPa, which allows almost
completely disinfect it.

We investigated the change of microbiological feed mixtures
during storage. The test samples were placed in cloth bags and
stored for 2 months at 0 °C (refrigerator), + 20 °C (thermostat)
and relative humidity — 45%.

Results and discussion. Humidity grain mixtures for
extrusion samples is within 16.8-17.6%. after extruding from
13.3 to 13.5%. and over the shelf life of unchanged at +20 °C
and a relative humidity of 45% designs humidity changes during
storage of 13.3-13.5% to 15.3-16.1%.

Changing humidity extruded feed mixture to a large extent
dependent on storage temperature and not on the number entered
flax extract from the serum of the mixture.

Comparing the conditions and shelf life. it can be said that
the change in humidity extruded feed mixture to a large extent
dependent on storage temperature and not on the number entered
flax extract from the serum of the mixture.

At the beginning and end of storage extruded forage mixture.
characterized by relatively low levels of microbiological
contamination. Not revealed the following groups of
microorganisms as Escherichia coli (BGKP) pathogens. Total
mesophilic aerobic and facultative anaerobic microorganisms
(MAFAM) in all samples of mixtures is within acceptable limits
(no more than 5-105 CFU/g).

Analysis of colonies of mesophilic aerobic microorganisms
on agar peptidemeat found that they are characterized by large,
small and medium size. white and vellow color. smooth and
rough edges. The bulk of the microorganisms is coccoid bacteria
whose cells are placed singly or clusters. The main morpho types
bacteria isolated from grain extrudate is aerobic bacteria.

Conclusion. We recommend using extrusion process as an
effective way to improve health quality extruded feed mixtures
because it provides a nearly sterile product.
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Introduction

Combination fodder — is much more difficult complex for keeping than grain, flour and
cereals. It can be explained by the large number of components, which the fodder includes,
and also by physical, chemical and biological properties of each component [10].

Different components have different critical humidity. So, the critical humidity of bone
meal is 8.7%, of flour from Lucerne’s leaves is 14.9%, cattle cake, solvent cake and from
cottonseed is 11.5 and 12.8%. The critical humidity of feed depends of the components and
can be 10.0-14.5%. Therefore, when its value is higher, than an intensification of
biochemical processes and active development of microflora can happen. The combination
fodder’s microflora majority consists of microorganisms, which are inhabiting the grain
mass [2, 8—11].

Combination fodder is a favorable nutritive ground for many microorganisms,
especially for mold fungi. If there is enough level of humidity and a temperature is about
10-20 °C, then mold fungi formation happens faster, mold can produce a lot of heat, so
they are the main reason of fire-fanging effect of grain. There are always different types of
microorganisms in the fodder, which contain cereal crops. Such saprophytic microflora can
multiply under normal conditions and it leads to lower level of nutritional value of the feed.
However, the feed can also include pathogenic microorganisms, coliform bacillus bacteria,
which aggravate the sanitary condition of the product. The feed Storage at low temperature
and humidity can extend their safekeeping term. At low temperatures, neither the
microorganisms nor insects cannot progress very fast, and also may less intensively occur
in animal feed and various oxidation processes [1].

During the feed storage, its stability depends on the quality and quantity of ingredients
included in the recipe. Accordingly, the terms of storage for various types of products were
set out in the feed industry. In industrial complexes mixed cattle feed (also for poultry) can
be stored for 1 month from the production, the shelf life of other feeds can be 2 months
from the production time.

The development of microflora during storage of the product is always accompanied by
a reduction of quality because of decomposition of organic substances and accumulation of
waste products of microorganisms, which are dangerous for agricultural animals, poultry
and fish.

The extrusion process can contribute to get high sterile product with low mass part of
moisture, which gives an opportunity to extend its shelf life. At the same time, the
advanced specific surface and increased hygroscopic cause negative effect of products’
quality, which changes during the storage [3, 16].

Recently, the industry more and more attention paid to the use of oil crops not only for
vegetable oils, but also as a source of complete protein, biologically active substances and
various macro- and micronutrients.

Traditionally, protein and oil crops used to produce vegetable fats, which are then used
for food and technical purposes. By-products after the removal of fat — cake and meal, are
widely used for animal feeding and receiving various protein concentrate [6].

Recently, more attention is paid to the use of whole seeds of these crops as for food and
for fodder purposes, particularly the use of such non-traditional crops as flax.

Recent studies increasingly reveal the full range of properties of flax seeds, biological
value which determines not only the content and composition of fat, but also a significant
content of protein, vitamins, enzymes, mucus, organic acids and minerals [15].

Production of feed for farm animals that could compete in quality with foreign
analogues requires improvement of existing and development of new highly efficient
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technologies. Today in Ukraine there is no perfect technology for the production of animal
feed farm animals using flax seed, so to ensure the quality and competitiveness of animal
feed products is necessary to introduce the latest technological operations and advanced
methods of processing raw materials [7].

Materials and methods

During the experiments, the changes of microbiological status of extruded grain
mixtures were explored during the storage by the following indicators: total number of
microbial cells (MAFS), the presence of pathogens especially Salmonella, the presence
colon bacillus bacteria (coliforms, CFU/g), the presence of anaerobes and aerobes. We used
the grain of wheat, corn, and flax extract, based on wheat to create extruded batches of
grain mixtures. Such mixtures had the following percentage composition:

- blend 1 — wheat —45%:corn — 45%: flax extract, which is based on serum — 10%;

- blend 2 — wheat — 45%:corn — 40%: flax extract based serum — 15%;

- blend 3 — wheat —40% corn 45%: flax extract based serum — 15%;

- blend 4 — wheat —40% corn — 40%: flax extract based serum — 20%;

Flax extract, which is based on wheat, was obtained by extraction in pulsating
dispersers, with the active diaphragm. There is a powerful cavitational effect on the
dispersed phase in these apparatus that provides intensive secretion of bioactive substances
in the volume of the solvent. There are some effectual technologies, which are used in
various industries, which are based on application of pulsator aggregates of discrete-pulse
energy input (DVI) with periodic change of pressure in the working chamber.

This method shows the new approach of heat and mass transfer intensification and
hydro-mechanical processes in dispersion systems [5].

The influence of cavitation effects pulsating dispersant extraction was carried out at
linseed, focusing on indicators of physical and chemical properties and biological value.
For this purpose, flax seed milled 500 g with the addition of 3 liters of serum. Percolation
process took 2 hours at 30 °C. The extraction was carried out for 5 and 10 minutes.
Research data extraction representation in Table 1.

Table 1
Physic-chemical characteristics of extracted liquid solution

Parameter Extracted liquid solution
Processing time, s
300 600
Total mass fraction of dry substances, % 8,4 7,3
Raw protein, % 25,1 25,9
acidity, degree 4.4 4,0
Starch, % 11,4 11,0

So, after the researches we can say the following:

The number of dry substances is reduced in the sample solutions of milled flax, based
on wheat according to different processing time in the apparatus, which shows better
solubility under the pressure. Analyzing such indicators like acidity and starch, we noticed
that they are inversely proportional to the extraction period in the apparatus and the
protein’s amount can increase in directly proportion to the extraction time reaches its
maximum when the period of extraction continues at least 10 min.
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It is known that the heat resistance of microorganisms depends on the properties of the
environment, which is of floral mixture, which is heated, namely the quantity and condition
of protein, fat, pH. Bacteriological determination of thermal death of microorganisms —
that's when they lose the ability to restore their vital functions. The maximum temperature
resistance of microorganisms is in a small range from pH 6.0 to 7.0 and beyond this range it
decreases sharp. In our case, multi-factor mechanisms DIV leads to a significant increase in
pH from 4.7 in the starting mixture to a pH of 6.5 to 6.8 after processing in a rotary pulse
apparatus (RIA).

Khanoll A. M. and Riman G. I. set a staement that "Bacteria are consider dead if they
lost the ability to refurbish even when they have the most optimal conditions for their
existence. “When monofactorial heat cells get damaged, which in favorable conditions
(environments) restore their vital activity, and in other conditions it leads to cell death [9,
16].

After the resumption of injury, which was caused by warming up and cells can multiply
as cells, that did not receive the action of heat. It means that, the restoration of sub lethally
thermal damage is a process, which takes place under specific conditions in which the
ability to reproduce and normal structure and function of cells can regenerate. The death of
the microorganisms from the action of heat depends on the duration of the process, the
condition and environment’s properties and only in the absence of resistance; the curve of
destruction of microorganisms can be a line [13].

After the thermal process a certain number of microorganisms that are capable of
restoration and further reproduction can survive. G. Lembke explained it in such way, that
the action of energy the hydrogen bonds can be damaged in the cell, but they can be
renewed due to the long-wave light or substances that carry an electrical charge and are
able to contact with hydrogen [4].

Therefore, preliminary processing in the RIA before the extrusion, where there are
mechanisms of discrete-pulse energy input, provides:

- the maximum reduction of vegetative bacteria;

- reduction of spore bacteria;

- reduction of mold and yeast.

This result is achieved at low temperature pasteurization, namely — 72-76 °C with an
exposure of 2...3 minutes. Also keep in mind that the processing of RIA devices by multi-
action mechanisms DIPE increases temperature 30-35 °C, which significantly affects the
energy efficiency technology.

Results and discussion

Determination of the qualitative and quantitative content of microorganisms in
extruded feed mixtures was carried out according to the rules for animal feed [4, 5].

To control the qualitative and quantitative composition of microorganisms were taken
some samples from fresh prepared extruded mixtures, which consisted of wheat-corn-
flaxseed extract, based on whey. Test samples were set in cloth bags and stored for 2
months at 0 °C (refrigerator), 20 °C (thermostat) and a relative humidity of 45%.

The moisture of the grain mixtures before the extrusion in the samples was in the range
of 16.8—-17.6%. The moisture content after extrusion ranged from 13.3 to 13.5%, and during
the storage period it has not changed under the conditions: temperature 0 °C, relative
humidity 45%. But at the temperature of +20 °C and relative humidity of 45% was recorded
some changes of this index. The data changes of humidity (under conditions: temperature +
20 °C and relative humidity 45%) are shown in Figure 1.
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Figure 1. Change of moisture during storage prototypes:
1 —blend 1;2—blend 2; 3 —blend 3;4 —blend 4,

As you can see from the figure, the change in humidity of explored samples under the
normal conditions, increases during the storage and at the end of the second month of
storage is 15.3 to 16.1%.

Comparing the conditions and period of storage, it is possible to say that changes in the
moisture content of the extruded feed mixture largely depends on the storage temperature,
and not on the amount of introduced flax extract whey in the mixture.

From the above words it follows that the moisture absorption by samples of a research
largely depends on the storage conditions. The results of experiments regarding the level of
microbiological contamination of extruded feed mixtures during storage are presented in
Table 2.

Analyzing the data of Table 2 for all samples it shows that, as at the beginning, so at
the end of storage of extruded feed mixtures, characterized by rather low level of
microbiological contamination. During the exploring we did not detecte the following
groups of microorganisms, such as colon bacillus bacteria and pathogens. The total number
of mesophilic aerobic and facultative anaerobic microorganisms (SAFS) in all samples of
mixtures is in the acceptable range (not more than 5-105 CFU/g) [10—-16]. In experiments of
the microflora of the mixtures it was found that each sample is characterized by its
particular special microflora (Table 3).

Analyzing the colonies of mesophilic aerobic microorganisms on beef-extract agar set
that they are characterized by large, small and medium sizes, white and yellow color,
smooth and jagged edges. The main part of the microorganisms are coccal bacteria, whose
cells are located one by one or in small groups (clusters). The main morphotypes of bacteria
isolated from grain extrudates, are acrobic bacteria.
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Table 2
Change microbiological extruded feed mixtures during storage
The title The The number of Colon Pathogens Anaerobics
of storage | mesophilic aerobic | bacillus
extruded time and facultative bacteria,
product (days) anaerobic
microorganisms
Temperature +20° C
Blend N 1 0 <10 no no no
15 2-10 no no no
30 9-10 no no no
45 1-10° no no no
60 1,7-10° no no no
Blend N 2 0 <10 no no no
15 3-10 no no no
30 9-10 no no no
45 1,3 10 no no no
60 2,610 no no no
Blend N 3 0 <10 no no no
15 5-10 no no no
30 1,1-10° no no no
45 1,7 10 no no no
60 3-10° no no no
Blend N 4 0 <10 no no no
15 9-10 no no no
30 1,810 no no no
45 3-10° no no no
60 5-10° no no no
Temperature 0 °C
Blend N 1 0 <10 no no no
15 <10 no no no
30 <10 no no no
45 <10 no no no
60 <10 no no no
Blend N 2 0 <10 no no no
15 <10 no no no
30 <10 no no no
45 <10 no no no
60 <10 no no no
Blend N 3 0 <10 no no no
15 <10 no no no
30 <10 no no no
45 <10 no no no
Blend N 4 60 <10 no no no
0 <10 no no no
15 <10 no no no
30 <10 no no no
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Table 3
Characteristics morphotypes of microorganisms isolated from extruded cereal mixes

Blends Attitude to Type of Size of Shape of
oxygen collonium Collonium collonium
Round, white, Coccus, potty,
Blend 1 Aerobics with smooth Small accommodate
edges with small groups
Blend 2 Aerobics Round, white, Small Coccus, potty,
with smooth accommodate
edges with small groups
Aerobics Round, white, Medium Coccus, potty,
with jagged accommodate one
edges by one
Blend 3 Round, white, Coccus, potty,
Aerobics with smooth Small accommodate
edges with small groups
Round, yellow, Coccus, potty,
Aerobics with smooth Medium accommodate one
edges by one groups
Blend 4 Aerobics White, with Medium Coccus, potty,
jagged edges accommodate one
by one
Aerobics White, like Big Coccus, potty,
amoeba accommodate one
by one
Conclusions

The results of experiments show that a humidity of prototypes can change and it
depends on storage conditions. At 0 °C and a relative humidity of 45% humidity samples
does not change during two months of storage, and is in the range of 13.5 to 13.3%. At a
temperature of + 20 °C and relative humidity of 45% moisture content of samples changed
during storage from 13.3-13.5% to 15.3-16.1%. Extrusion is an effective way of improving
the sanitary quality of extruded grain mixtures, because it allows reducing the number of
microorganisms. The research of quantitative and qualitative composition of the microflora
of extruded grain mix with the addition of flax extract, based on the whey showed that the
total microbial number (SAFS) in all the test samples are situated in acceptable limits of not
more than 5-105 CFU/g). Indicators of bacillus coli bacteria were not detected. The absence
of pathogenic and conditionally pathogenic microorganisms indicates the provision of
adequate sanitary and hygienic conditions in the manufacture of extruded blends.

During the storage of experimental batches of extruded grain mixtures for two months
at temperature of + 20 °C, there is a slight increase in microbiological parameters and at 0
°C there is no growth of microorganisms.
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Introduction. There were studied the changes of
micronutrient composition of vegetables, biofortified by
using “Riverm” manure at freezing and storage.

Materials and Methods. Materials — fresh and frozen
samples of biofortified sweet pepper and pumpkin. For
determination of micronutrients contents were used the
methods of inversive voltammetry, liquid chromatography
and also colorometric and titrometric methods.

Results and discussion. The samples of biofortified
fruits of pepper and pumpkins are more valuable by iron
content (7,4-14,6%), zinc (2,7-6,7%), cooper (2,1-6,6%),
vitamin B; (20,9-44,7%), B, (18-34,3%), C (28-29%),
carotenoids (by 11,6-22,8%) comparing with control.

The decrease of iron quantity in frozen biofortified
vegetables in 6 month of storage is 4,5-5,4%, cooper — 2,6—
2,7%, zinc — 2,1-2,3%. At freezing and storage biofortified
pumpkins of Oleshkovsky variety lost 22,4% of vitamin C
(control — 36,9%), 15,7% carotenoids (control — 23,7%),
15% of vitamin B, (control — 32,4%), 13,8% of vitamin B,
(control — 26,2%). During the storage of frozen biofortified
pepper of the sweet variety Scythian gold also took place
the decrease of vitamins content: vitamin B, — by 13,8%
(control —by 14,9%), vitamin B; — by 12,8% (control — by
14,1%), vitamin C - byl2,7% (control — by 13,2%),
carotenoids —by 5,3% (control — by 6,0%). The most
quantity of vitamins was lost by the studied samples of
vegetables directly at freezing. The control samples of
frozen vegetables contained the less quantity of
microelements and vitamins at all stages of research.

Conclusions. Freezing and storage of biofortified
(planted using organic manure “Riverm”) fruits of pepper
and pumpkin lead to decrease of micronutrients content in
them, but these changes are not so intense as in the control
samples. The most losses of vitamins take place at freezing.
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Introduction

In almost 50 countries of the world the biofortified products are planted and studied to
spread them in farm enterprises. For today already almost 2 min people take biofortified
products. And since the significant number of countries accepts biofortification as a part of
wider strategy, which aim is a fight against micronutrient deficits in human nourishment,
there is a foresight that till 2030 more than 1 billion people will receive good from
biofortified food products [1].

Biofortification differs from the ordinary fortification by the fact that its aim is an
increase of harvest consumption value at growth and development of plants and not at
processing when the important micronutrients are specially added according to the
prescription. Since the foodstuff, enriched with the necessary micronutrients cannot be
purchased by everyone because of their high cost, biofortified vegetable products can be
planted and taken by the people of different prosperity. The different directions of
biofortification exist and are developed in the world:

- Biofortification of rice, beans, sweet potato, manioc by iron;

- Biofortification of wheat, rice, millet, beans, sweet potato, manioc by zinc;

- Biofortification of sweet potato, manioc and maize by carotene;

- Biofortification of sorgho and manioc by amino acids and proteins [1].

For biofortification are selected the main cultures of human nutrition in the different
world regions. Maize is irreplaceable in the food ration of dwellers of 22 African and Latin
American countries. Wheat is an important crop and irreplaceable raw material of the
production of foodstuff for 35% of people. Sweet potato is a main non-corn culture for the
one fourth of Earth population, and manioc feeds near 800 mIn people, who live mainly in
African countries.

Biofortification is directed on accumulation of micronutrients, which lack in food
ration influences the significant part of world population — iron, zinc, selenium, iodine,
vitamin A, folic acid [2-6]. At that there are taken into account the data, that asiderotic
anemia is revealed in 30% of pregnant women and women of reproductive age [7]; the
cause of death of almost 450 thousand children up to 5 year is the lack of zinc [8]; selenium
deficiency leads to the loss of resistivity, to cancer and viral diseases, iodine one — to
thyroid gland diseases, -carotene — to diseases of eyes.

For Ukrainians fresh and processed vegetables is an important component of many
national dishes and irreplaceable everyday source of series of essential compounds.
Biofortification of vegetables must favor the overcoming of existent deficiency of iron,
vitamin A, iodine, zinc that most negatively influences preschool children and pregnant
women [9].

Today the use of gene modification as the method of biofortification is the most
profitable strategy but it is rather long-term process and is not generally approved. That is
why the significant attention in the world is paid to the traditional selection and use of
organic manures with the special composition for increasing content of vital micronutrients
in edible parts of plant.

Analyzed the information sources, one can make a conclusion that the most important
part of researches, carried out in the world last years, is devoted to the study of features of
accumulation of carotene [10-13], iron [14-17], zinc [18-19], selenium [20-22], iodine
[23-25] in biofortified corn cultures and vegetables. We did not reveal any data as to the
influence of special organic manures on the mineral and vitamin composition of vegetables,
planted in Ukraine, and also on the changes of content of separate components at their
freezing and further storage.
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Taking into account that the important component of everyday nourishment of
Ukrainians is not only diverse vegetables but also the products of their processing, we
studied the changes of micronutrients content in biofortified frozen samples of sweet
pepper and pumpkin at storage. For biofortification of vegetables at planting the liquid eco-
friendly organic manure of the new generation “Riverm” that includes all necessary
elements for plant nutrition was used. This manure has series of advantages. Especially, this
preparation provides preservation of microorganisms and products of their life activity —
enzymes and growth substances. The useful microbiocenoses accelerate transformation of
nitrogen compounds, activate the processes of cellulose fission into biologically active
compounds that favor nitrogen fixation and transformation of phosphorus organic
compounds in assimilated forms and also product the series of biologically active
compounds (vitamins, amino acids, auxins) that improve growth and development of plant.
“Riverm” is safe for plants, animals and humans, does not need the special preventive
arrangements for use. Preparation is accepted by international organization System of
Independent Certification (SIC) as eco-friendly manure that corresponds to international
standard ISO 14024:1999 [26].

Materials and methods

The studied objects — fresh and frozen vegetables: pepper of Scythian gold variety and
pumpkins of Oleshkivsky variety, planted using liquid, eco-friendly organic manure
“Riverm”. Vegetables were planted as seedlings. At the beginning seeds were soaked in
1 % solution of “Riverm” at temperature 2025 °C during 12 hours till their swelling then
they were sowed out. In open soil were planted the healthy seedlings with well developed
root and dark-green leaves. Before planting the roots of seedlings were soaked in 1,5 %
solution of “Riverm” during 8 hours at temperature not lower than 22 °C. At planting in
hole were brought 100 g of 1 % solution. Extra-root feeding up was carried out in the
period of active formation of vegetative mass and fruits; 34 % solution of “Riverm” was
used. Control — fresh and frozen samples of vegetables, planted by the standard technology
without using aforesaid manure. Vegetables were frozen at temperature —25-30 °C; frozen
products were stored during 6 month at temperature not lower than —18 °C. Micronutrients
content was determined in fresh, fresh frozen vegetables and also in vegetables after 3 and
6 month of storage.

For determination of zinc and cooper content was used the method of inversive
voltammetry with linear deployment of potential on the hard electrode of carbonic material
(graphite). This method is based on electrochemical concentration of metals at permanent
potential that is in potentiostatic mode, on turning electrode and further dilution of received
concentrate at the given speed of potential changes. At the measurement voltammogram is
registered that is a current change depending on electrode potential. At presence of metal
ions on voltammogram are the current peaks, which position on potential axis is a
qualitative characteristic and height, proportional to the ion concentration in solution —
quantitative one. Measurements were carried out on voltammetric analyzer AVA-2
according to instruction.

For determination of iron the colorimetric method was used, which essence is in the
change of coloration intensity of solution of complex compound of bivalent iron with red
ortophenantrolin. At first the dry mineralization of batch with mass 10 g is carried out. For
this the sample is dried in drying cabinet at temperature 105 + 5 °C, then is wet with
nitrogen acid for whole surface is covered and is warmed on water bath till the end of
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evaporation. The processing by nitrogen acid was carried out twice. Then the batch is dried
in electric furnace, gradually raising temperature by 50 °C every min up to 450 + 25°C.
Mineralization is continued till the grey ash. The cup with ash is taken away in 10 hours of
ashing, cooled and wet with nitrogen acid. Nitrogen acid is evaporated on the water bath
then in drying cabinet at temperature 140 &+ 5 °C. After cooling the cup is placed in cooled
electric furnace, temperature is gradually brought to 300 + 25 °C, kept for 30 min. This
cycle is repeated several times. Mineralization is finished when ash is white. The received
ash is dissolved in 5 cm® of hydrochloric acid at warming on water bath, transferred to the
measuring retort with holding capacity 50 cm’, volume is added with water up to the mark.
Then the solution of comparison and control solution are prepared for construction of
calibrating graph. 10 cm’ of iron solution with mass concentration 1 g/dm * are transferred
into measuring retort with holding capacity 500 cm® and volume is added up to the mark
with solution of hydrochlorid acid 0,01 mmol/dm*. 0,5; 1,0; 1,5; 2,0; 2.,5; 3,0 and 4,0 cm®
of prepared solution that correspond to 10, 20, 30, 40, 50, 60, 80 mcg of iron are brought in
measuring retort with holding capacity 50 cm’. In each retort is added 1 cm® of
ortophenatrolin, brought to pH 4—6 by sodium acetous. 1 cm® of ortophenatropin solution is
brought in it and volume in added with water up to the mark. It is mixed up and in 15 min
the optic density of comparison solution is measured relative to the control solution on
spectrophotometer at wave length 20 mm. The control solution is prepared just the same as
comparison one but without adding the iron solution. For getting graph on abscissa axis is
put the iron mass, brought in the comparison solution, in mcg; on ordinate axis — optic
density that corresponds to them. At studying product in measuring retort with holding
capacity 50 cm’ is brought the mineralizate solution in such volume for iron mass in retort
corresponds to 20-80 mcg. Then hydroxylamine solution is added, pH is brought to 4-6. 1
cm’ solution of ortaphanantrolin and in 15 minutes the optic density is verified.

The content of vitamin C was determined by titrimetric method, based on extraction of
vitamin C by the hydrochloride acid solution with further visual titration by the solution of
2,6—dychlorophenolindophenol to the appearance of light pink coloration. Vitamins B, B,
were determined by the method of fluorimetry, which essence is in acid and enzymatic
hydrolysis of associated forms of vitamins, purification of hydrolyzate on the column with
cation resin, oxidation and measurement of intensity of fluorescence at the wave length
320-390 nm of excited and 400—580 nm of radiated light.

For determination of carotenoids content was used the method of liquid
chromatography of high divisible capacity. The samples were preliminary cooled, then
comminuted. Carotenoids are extracted from the batch with mass 20 g using the solvent —
n-hexane. Procedure was repeated 3—4 times with volumes from 50 to 150 cm. The
received extract is rinsed with water to the neutral state. Then extract is evaporated at
temperature that does not exceed 50 °C. The remains of water are eliminated by drying with
sodium sulfate. For getting the test solution with carotenoids concentration up to 5 mcg/cm’
precipitations are solved again in n-hexane solvent. 10° dm’ of the studied sample are
injected in chromatograph. To get the quantitative values the area and height of peaks is
determined.

Results and discussion
Since in many countries of the world the aim of biofortification is enrichment of plants

with such mineral compounds as zinc, iron, cooper, we studied the features of the changes
of their content in biofortified tomato and pumpkin vegetables at freezing and storage.
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As the studied samples shown, the sweet pepper of Scythian gold variety, planted using
“Riverm” manure, contains 2,02 mg/kg of iron that is by 0,15 mg/kg more than in
vegetables, planted under standard conditions. Pepper also contains 2,69 mg/kg of cooper
(control — 2,51 mg/kg). Analyzing the zinc content in the studied samples of pepper, one
can make the following conclusions: pepper of Scythian gold variety, planted using
“Riverm”, accumulated 3,94 mg/kg of this microelement. It is by 0,26 mg/kg more than in
control (Figure 1).
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Figure 1. Content of microelements in studied samples of sweet pepper of Scythian gold variety

The content of iron, zinc and cooper in biofortified sweet pepper of Scythian gold
variety after freezing and at storage did not undergo the essential changes. The iron losses
for 6 month of storage: 0,09 mg/kg, cooper 0,07 mg/kg, zinc — 0,09 mg/kg (Figure 2).
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Figure 2. Changes of content of microelements in frozen biofortified sweet pepper of Scythian
variety at storage
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The cooper content if pumpkins of Oleshkivsky variety does not exceed 1,46 mg/kg. At
comparison of cooper content in control samples and in vegetables, planted with “Riverm”
it can be said that bofortified vegetable contain more mentioned microelement by 2,7%.
(Figure 3).
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Figure 3. Content of microelements in studied samples of pumpkins of Oleshkivsky variety

As to iron — its content in biofortified pumpkins of Oleshkivsky variety is 1,85 mg/kg
that is more than in control by 0,27 mg/kg. The zinc content in biofortified pumpkins of
Oleshkivsky variety — 3,31 mg/kg (control — 3,24 mg/kg). So, the pumpkin samples,
planted with “Riverm” manure differ by the more content of zinc, iron, cooper.

Biofortified pumpkins at freezing and storage underwent insignificant losses of iron,
cooper, zinc. Fresh frozen pumpkins contained by 0,05 mg/kg less zinc, by 0,04 mg/kg less
iron and by 0,03 mg/kg less cooper (Figure 4).
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Figure 4. Changes of content of iron, cooper and zinc in frozen biofortified pumpkins of
Oleshkivsky variety at storage
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During the further storage the content of microelements was stable or underwent
insignificant decrease.

There were also analyzed the changes of content of vitamins in fresh frozen products
and at 6 month storage. At the study it was revealed, that fresh biofortified pumpkins of
Oleshivsky variety contain 22,74 mg% of carotenoids and the control vegetables — 17,56
mg%. That is the studied samples are more useful by carotenoid content that are by 22,8
mg% more than in control (Figure 3). At the same time pumpkins of Oleshkivsky variety,
planted using “Riverm” manure, exceed samples, planted using the standard technology by
the content of vitamin C (by 6,1 mg%), vitamin B; (by 10,3 mg%), vitamin B, (by 4,38
mg%) and carotenoids(by 5,18 mg%).

At freezing and storage biofortified pumpkins of Oleshkivsky variety lost 4,71 mg% of
vitamin C (control — 5,51 mg%), 3,46 mg % of vitamin B, (control — 4,14 mg%), 1,76 mg%
of vitamin B, (control — 2,2 mg%), 3,58 mg% of carotenoids (control — 4,16 mg%). The
control sample of pumpkins underwent more significant losses of micronutrients. It was
noted, that the most losses of vitamins in biofortified vegetables of their general quantity:
76,9% — vitamin B;, 80,1 % — vitamin B,, 51,6% — carotenoids, 27% — vitamin C
corresponded to the freezing process (Figure 5).

25

Vitamins content, mg% ( for raw material)

Ui

Vi i

i

HB1 OB2 B Carotenoids ac

Figure 5. Changes of vitamins content at freezing and storage of biofortified pumpkins of
Oleshkivsky variety:
1 — biofortified vegetables, 2 — control

Pepper of Scythian gold variety, planted using ‘“Riverm”, contains 175,34 mg% of
vitamin C, that is by 49,54 mg% more than in samples, planted using the standard
technology. The content of vitamin B, in sweet pepper — 172,1 mg%, whereas the control
samples contain 136,36 mg% of it. In biofortified samples of sweet pepper of Scythian gold
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variety were also revealed 56,14 mg% of vitamin B,, that is by 10,10 mg % more than in
control samples (Figure 6). The fresh frozen pepper contains 93 % of initial vitamin C
(control — 86,8%), 92,6 % of initial content of vitamin B, (control — 90%), 92 % of initial
content of vitamin B, (control — 91%) and 97 % of initial quantity of carotenoids (control —
95,8%)).

180
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Fresh Fresh frozen 3 month storage | 6 month storage
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Figure 6. Changes of vitamins content at freezing and storage
of biofortified pepper Scythian gold
1 — biofortified vegetables,
2 — control

At storage the fruits of biofortified sweet pepper of Scythian gold variety lost 12,8% of
vitamin B; (control — 14,1%), 13,8% of vitamin B, (control 14,9 %), 12,7% of vitamin C
(control — 13,2%), carotenoids — 5,3% (control — 6,0%). The control samples of pepper like
in the case of frozen pumpkins underwent the more significant losses of vitamins than
biofortified ones that was, probably, a result of the features of planting. The most quantity
of vitamins was lost by the studied samples directly at freezing. Especially, at this stage the
losses of vitamin C reached 55,3% of the total losses (control — 63,8%), vitamin B; — 58,1%
(control — 70,9%), vitamin B, — 58% (control — 62,9%), carotenoids — 76,2% (control —
77,0%)

Thus, freezing and storage of the sweet pepper of Scythian gold variety and pumpkins
of Oleshkivsky variety lower the nutrients content in biofortified vegetables but not so
intensively as in the control ones that lose their most quality at whole period of storage. The
most losses of vitamins take place at vegetables freezing process.
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Conclusions

1. The samples of biofortified pepper and pumpkins (planting using the organic eco-
friendly manure “Riverm”) are more valuable by the content of iron (by 7,4—14,6%), zinc
(by 2,7-6,7%), cooper (by 2,1-6,6%), vitamin B, (by 20,9-44,7%), B, (by 18-34,3%), C
(by 28-29%), carotenoids (by 11,6-22,8%), than the vegetable, planted under standard
conditions (without using “Riverm”).

2. The losses of iron for 6 month storage of frozen biofortified vegetables reach 4,5—
5,4%, cooper — 2,6-2,7%, zinc — 2,1-2,3%.

3. The quantity of Vitamin B; at storage period depending on sort of biofortified
vegetables decreases by 12,8-17,3%, vitamin B, — by 13,8%, vitamin C — by 12,7-22,4%,
carotenoids — by 5,3—15,7%.

4. The control samples of vegetables undergo more losses of micronutrients that
biofortified ones. The most losses of studied vitamins in biofortified vegetables of their
total quantity correspond to freezing.
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Introduction. Research of technological properties of
powders from the carrots and banana received by cold spray
drying, with the purpose of definition the influence of plant raw
materials on indicators of quality of a confectionery semi-
finished product.

Materials and methods. Determination of dispersion of
plant powders carried out by calculation of the sizes of powders
particles  using an eyepiece micrometer and an optical
microscope at increase by 400 times. The research of physical
and chemical indicators of quality of the received semi-finished
products was defined by standard techniques.

Results and discussion. Determination of dispersion plant
powders by microscopic method showed that the largest volume
of particles in the studied samples is presented by fraction to 20
microns, this fraction in banana powder contained in volume of
81%, carrot — 78%. That is, the particles in the finished product
will not be felt organoleptically.

Powder from banana is homogeneous behind small fractions
of particles, presented by segments of spherical shape, uniform in
all weight.

Powder from banana holds fat better (0,92 ml/g), which, on
the contrary, has smaller water connecting ability (6,33%). The
similar return tendency is shown also in powder from carrots: at
bigger water absorption and water retention (6,93%) this powder
has less ability to hold fat (0,89 ml/g).

When determining influence of the chosen dosages of the
studied powders on organoleptic properties of a confectionery
semi-finished product as rational was selected the powder dosage
from carrots — 5% and powder from banana — 18% to
prescription masses that allows to receive a confectionery semi-
finished product with high flavoring properties, namely —
uniform structure, a plastic consistence, with the taste and a smell
inherent in this fruit.

The mass fraction of moisture of a confectionery semi-
finished product with powder of carrots is 12,2% and with
powder of banana — 11,6%. Mass fraction of fat of 25% and 18%
respectively. Content of the reducing substances 4,4% and 4,2%
are almost equal in the received semi-finished products. The size
of crystals of the main fraction is 10—15 microns.

Conclusions. By results of researches, it is possible to
recommend use of fine dispersed plant powders in confectionery
production for the purpose of increase in nutrition value and
expansion the range of finished goods.
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Introduction

Today the chain of restaurant industry gets rapid development. One of the main groups
of culinary products that are in demand in the industry are pastry. For their design using
various semi-finished products: icing, fondant masses and creams. Considering it,
appropriate and necessary to enhance the nutritional value and intensify production of semi-
finished products

Fondant mass is prepared by boiling of prescription mix with the subsequent knocking
down, tempering and formation. Fondant is a uniform crystalline plastic heterogeneous
mass consisting of solid and liquid phases. Sugar fondant prepares from sugar and treacle,
and for the corresponding types use certain improvers. Main types of the fondants made in
food branch — sugar, dairy, creme brulee. But they have a low nutrition value both high the
content of sugar and caloric content. Therefore during creation of new types of products
with the raised nutrition value in this field by scientists often use additives from plant raw
materials.

High content of moisture in plant raw materials is the reason of their instability at
storage, as a result of bacterial, enzymatic and chemical damage. Drying is the most
rational way of preserving, as in dried products microbiological processes are slowed down,
and the composition of nutritious and biologically valuable substances remains close to
natural. Therefore for enrichment the fondant masses expedient and necessary is use of fruit
and vegetable powders concentrate that is biologically active compounds [1].

Dried fruit and vegetables are perspective raw materials for use in catering
establishments and the food industry as allow avoiding seasonality of their consumption, to
simplify operations on machining of raw materials and to reduce duration of technological
process of preparation of dishes.

Production of confectionery semifinished products is possible when using dietary plant
supplements which raw materials for obtaining can be medicinal plants. Feature of
application of medicinal herbs is availability of a complex in them biologically active
substances, indiscriminateness to cultivation and a possibility of their industrial
procurement.

So, for example Falkovich B. A. for the first time by method of mechanical-chemical
activation have received high-disperse systems — nettle pastes with use of effective
extractants — alcohol and sunflower oil. It is established that nettle pastes contain
biologically active agents in the dissolved condition providing their best assimilation with a
human body. He has proved recommended dosages them in confectionery masses (fondant,
praline, jelly) from a line item of requirements of organoleptic properties and enrichment
by biologically active agents which are confirmed with production testing [2].

Dzhamaldinov B. A. in his scientific work tried to solve this problem using for
production powders of semi-finished products wild-growing raw materials of the North
Caucasus such as a medlar, a cornel and a wild-growing pear.

Thus he developed a way of receiving fatty paste and candies on the basis of powders
of semi-finished products of wild-growing fruits. At the expense of it decrease in content of
sugar in products was established [3].

As the moisture-holding agent in case of production fondant chocolates A. Gavva
researched fine berry powder with the increased content of food fibers. It consists mainly of
covers of berries of blackcurrant and black-fruited mountain ash. Covers contain
considerable part of food fibers in relation to other components of berry. Powder has the
developed specific surface that causes its capability to adsorption of moisture and swelling.
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Moisture-holding substances connect part of free moisture in system, lead to increase in
viscosity of candy weight [4].

Skvira M. A. has scientifically and experimentally proved feasibility and efficiency of
application of leaves of a walnut and aqueous-alcoholic extract from walnut leaves in case
of production sugar and dairy the fomdant confectionery.

It has shown positive influence walnut leaves and aqueous-alcoholic extract from
walnut leaves on structural mechanical properties of fondant masses and quality of finished
goods, has found positive influence of the brought additives on consumer properties of
finished products, including a nutrition value, organoleptic, physical and chemical
indicators, and also the impact on quality fondant products during storage.

Also it was revealed clinical efficiency developed the functional fondant candies
consisting in normalization of function of a thyroid gland of the person. The found effect of
selective accumulating of organic iodine of a thyroid gland, testifies to high quality of
iodine in confectionery [5].

Maltsev P. has studied structural and mechanical and hygroscopic properties of food
powders (sugar and molasses, apple, beet and dairy) for use in production of confectionery.

It has shown that use of powders on the basis of plant raw materials in production of
confectionery allows to reduce a carbohydrate-fat and caloric content, to enrich with
functional ingredients (food fibers, vitamins, minerals, organic acids, etc.), to expand the
range of products. Powder technologies of confectionery are simple and economic, they
allow to receive masses and products from previously set chemical properties and structure
and to receive products of a functional purpose [6].

The new technologies based on use of physiologically functional ingredients of a
natural origin allow to fill shortage of irreplaceable nutrients and to expand the range of
confectionery production and finishing semi-finished products.

Therefore studying of technological properties of the powder from carrots and bananas
received by cold spray drying and its influence on organoleptic and physical and chemical
indicators of quality of confectionery semi-finished products was the purpose of our
research.

Materials and methods

Materials. The subjects of research are plant powder with bananas and carrots,
obtained by cold spray drying, manufactured in Switzerland, the company ‘“Naturex AG”.
Also, quality of a ready confectionery semi-finished product using plant powders was
investigated

Methods. Determination of dispersion of plant powders carried out by calculation of
the sizes of powders particles using an eyepiece micrometer and an optical microscope at
increase by 400 times. Preparation of samples was carried out by drawing dry samples on
glass.

The coefficient of water absorption was defined as follows. Sample of powder (about
2,5 g) was placed in advance dried up glass cup with a capacity of 150 ml. Further the
sample was filled in with the distilled water (50 ml) and left for swelling during 1.8x60°
sec. The funnel with the filter was filled in with water, left on 1.8x60° sec, then weighed.
Further filtered the glass cup contents via this filter then the funnel with the filter and a
product was weighed again

At research of the ability to bind moisture of powder used a weighing method. For this
purpose contributed a sample of powder in a centrifugal test tube and added water in the
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ratio 1:20. The mixture was stirred and left for swelling at t=40°C, for 2 hours. Then
centrifugation was performed T=15 min with a frequency of rotation of 5000 rpm. Liquid
which was formed was merged, previously determined in it the content of solids by the
refractometer. The mass of wet sedimen was determined by weighing.

Emulsifying ability is determined by the maximum quantity of oil, it is entered into
colloidal system to achievement of a koatservation under certain conditions.

For this purpose the simple of powder of 17 g was placed in a chemical glass with a
capacity of 200 ml and during mixing added 100 ml of the distilled water at a temperature
of 20 °C. Constantly mixing a sample, added from the burette vegetable oil with a speed of
5 ml/s to visual supervision point of separation of the emulsion (a koatservation point).
Having measured volume of added oil, counted a koatservation point in ml/h

The principle of a method of determination of ability to hold fat consists that under
certain conditions, oil is added to plant powder and after centrifugation the quantity free
oils is defined.

Researches were conducted as follows: in the centrifuge tube brought a simple of
powder of 4 g and added 20 ml of sunflower oil. Tube kept in the thermostat at a
temperature of 20 °C, periodically mixing suspension within 30 min. After that centrifuged
at 15000 rpm within 15 min. Measured volume of supernatant liquid (supernant).

The following physical and chemical indicators of quality of ready semi-finished
products are investigated: a mass fraction of moisture by drying method, a mass fraction of
fat by a refractometric method, the content of the reducing sugars by a feritsianid method.

Results and discussion

According to the described problem, functional and technological properties of
powders from the banana and carrots received by cold spray drying have been studied.The
main technological properties of plant powders are:

- Organoleptic properties

- Dispersion

- Renewable, ability to hold fat and emulsifying capacity

It is obvious that introduction of additives will cause the appearance of the finished
product kind of color, aroma and taste. Therefore, special attention should be given to
research organoleptic properties of powders. Both powders, homogeneous throughout the
mass, granular consistency. Have a pleasant aroma, typical for powders from carrot and
banana and in accordance orange and light yellow colors.

Table 1
Organoleptic indicators of plant powders
Indicator Characteristic
Powder from banana | Powder from carrot

Appearance and | Finely dispersed powder, homogeneous throughout the mass, granular

consistence texture, without visible inclusions and impurities.

Taste and smell | Pleasant, pure, without notable Pleasant, pure, without notable
particles of powder with flavor and | particles of powder with flavor and
taste of banana. taste of carrot.

Color Light yellow, homogeneous for all|Orange, homogenecous for all
mass. mass.
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Both powders are finely divided, uniform throughout the mass, granular consistency.
Have the pleasant smell typical for powders from carrots and banana, and also respectively
orange and light yellow colors.
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Figure 1. Powder from banan Figure 2. Powder from carrot

With the introduction into confectionery masses advisable to use powders with a
particle size tol5 microns and maintenance of this faction of 75...80%. Justification of these
options is that particles with dimensions over 20...25 microns felt organoleptic and also
cause emergence in confectionery masses existence of particles. Therefore, we investigated
by microscopic method, dispersion of powders from banana (Figure 1) and carrot (Figure 2)

Numbers of fraction and the size of particles is presented in Table 2.

Table 2
Numbers of fraction and the size of particles
Number of fraction 1 2 3 4 5 6 7 8 9
Dispersion powder, 1- | 5- 10— 15— | 20— | 40- | 60- 80— 90—
microns 5 10 15 20 40 60 80 90 100

Determination of dispersion plant powders conducted by counting particle size of
powders using eyepiece micrometer and optical microscope and an increase of 400 times.
Making preparations carried out by drawing a dry sample on a glass slide.

Apparently from these figures, the largest volume of particles in the studied samples is
presented by fraction to 20 microns, this fraction in powder from banana contains in the
volume of 81%, carrots — 78%.

The structure of powder from banana by means of a microscopic method is investigated
(Figure 3—4). Powder from banana is homogeneous by small fractions of particles (increase
by 100 times). Powder is presented by segments of spherical shape, uniform in all weight
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Figure 4. Powder from banana (x 500)

igure 3. Pode from banana (x100)

Also technological indicators of plant powders were investigated, namely: the ability to
bind moisture, water absorption coefficient, the emulsifying ability and ability to hold fat.
The research results are presented in Table 3.

With the above mentioned data it is visible that plant powders have rather high ability
to bind moisture. The conducted researches indicate existence of groups OH, which are
hydrophilicly active compounds that will promote water absorption of powders. Plant
powders in average degree hold fat and have rather high emulsifying ability

Table 3
Technological properties of plant powders

Indicator Research results
Powder from banana | Powder from carrot
Ability to bind moisture, % 6,33 6,93
Coefficient of water absorption, kg/kg 2,92 2,31
Emulsifying ability, ml/g 2,35 2,17
Ability to hold fat, ml/g 0,92 0,89

The best binds moisture is powder with carrots — 6.93%. Banana powder have higher
emulsifying capacity 2.35 ml/g.

Better hold a fat is banana powder, which, by contrast, has less ability to bind
moisture. A similar inverse tendency is shown for powder from carrots, at higher water
absorption and ability to bind moisture this powder is less value hold a fat between
researched powders. It is connected, obviously, with the high content of pectin substances
in it, wich exhibiting high hydration properties and less value hold a fat.

Considering the above data, these powders were used as a structurant for production of
confectionery semi-finished products which includes fondant mass, butter, surfactant and
powders from carrot and banana.

In researches mass fractions of powder were defined with carrot 3, 5 and 7% by weight
of the formulation. Influence of the chosen dosages on organoleptic properties of
confectionery semi-finished product is investigated (Figure 5).
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Figure 5. Organoleptic evaluation confectionery semi-finished product with powder from carrot

As can be seen as rational powder dosage can choose with carrot — 5%, that lets
confectionery semi-finished product with high taste properties.

In the second case, the dosage was selected from banana powder in an amount of 12, 18
and 24% of the prescription weight. Impact of preferred dosages of the organoleptic
properties of semi-finished confectionery (Figure 6)

Appearance

— -O— - Control

Taste - - - -Fondant mass with
banana powder, 12%

ey Fondant mass with
banana powder, 18%

—X— Fondant mass with
banana powder, 24%

Smell Consistence

Figure 6. Organoleptic evaluation confectionery semi-finished product
with powder from banana
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It allowed to receive confectionery semi-finished product with high taste qualities —
namely homogeneous structure, plastic texture, with taste and odor characteristic of this
fruit

Physico-chemical quality indicators of confectionery semi-finished product with
powders are defined: mass fraction of moisture, mass fraction of fat, the content of reducing
substances and size of crystals of the main fraction (Table 4).

Table 4
Physical-chemical indicators of quality confectionery semi-finished product with powder from
carrot and banana

Research results
Indicators With powder from | With powder from
carrot banana
Mass fraction of moisture,%, not more 12,2 11,6
Mass fraction of fat, % 25 18
7 o
The content of reducing substances,%, not 4.4 42
less
Size of crystals qf the main fraction, 10-15 10-15
micron

The mass fraction of moisture of a confectionery semi-finished product with powder of
carrots is 12,2% and with powder from banana — 11,6%. Mass fraction of fat are 25% and
18% respectively. Content of the reducing substances in the received semi-finished
products of almost equal 4,4% and 4,2%. The size of crystals of the main fraction — 1015
microns.

Conclusions

Thus, based on the conducted researches of functional and technological properties of
powders from the banana and carrots received by cold spray drying benefits of use of these
plant ingredients are shown, due to good organoleptic properties to dispersion, the greatest
amount of particles in powders is provided with sizes up to 20 microns, and a high ability to
bind moisture and hold the fat.

Application of nonconventional dressers from plant raw materials allows not only to
raise a nutrition value of confectionery products, to intensify engineering procedure, but
also to give to products of therapeutic and preventative orientation

With respect thereto the actual and perspective direction of development of
confectionery production is development of the competitive production technology the
fondant masses enriched with physiologically functional ingredients.

Functional and technological properties of powder from carrots and the banana
received by cold spray drying are defined.

It is shown that powders from carrots and banana of cold spray drying allows to receive
a confectionery semi-finished product with attractive organoleptic properties and
corresponding to physical and chemical indicators of quality.
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Rational mass fractions of plant powders in prescription composition of confectionery
semi-finished products was defined It is shown that the mass fraction of carrot powder —
5%, and banana — 18%, that providing attractive organoleptic properties)
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Introduction. To extract lipids that are stored in a
locked structure seed must overcome several barriers. The
use of hydrolytic enzymes such as cellulases,
hemitselyulaza, pectinase increases the permeability of such
structures.

Materials and methods. It was used low-glucosinolate
rapeseed varieties. For pre-processing enzyme selected
following enzymes with extended spectrum of activity:
Protolad (protease, 70 U / g enzyme, Ukraine) and Celulad
(tsellyulaza, 300 U / g enzyme, Ukraine). To assess the
quality of the resulting oil used methods for determining
iodine, acid and peroxide numbers. Effectiveness was
assessed by enzyme preparations instant shaking, and the
residual amount of oil in the meal.

Results and discussion. The best results were obtained
in samples of rapeseed that had moisture content of 4%.
Enzymatic treatment of oily material over two hours is
sufficient to reduce the residual cake oil content from 24.4%
to 9.4%. Number enzyme 0.4% by weight of seeds is the
best value. Enzymatic treatment in compression technology
is a very effective way to increase the quantitative output of
oil. Physical and chemical properties of the sample oil after
the enzymatic treatment compared with the sample pressed
rapeseed oil. The results meet the requirements of regulatory
documents. Analysis of fatty acid rapeseed oil sample after
enzymatic treatment showed an increase in linoleic and
oleic acid and about 3% linolenic — more than 1% compared
with the control. The content of other fatty acids in rapeseed
oil samples had significant differences. Calculated
regression equation for the dependence of oil on the
concentration of the enzyme, the moisture content in the
material before pressing and hydrolysis time on the basis of
experimental data. Increasing the number of removed oil
from rapeseed, which is subjected to enzymatic processing
prior shows that enzymatic hydrolysis is a very effective
method of pretreatment material before pressing. Adding the
enzyme is carried out in aqueous solution. High seed
moisture during processing is an unfavorable factor in
economic terms, as the next stage of processing is the
drying.

Conclusions. The main objectives of the study is
improvement pretreatment method rapeseed, namely
reducing seed moisture during enzymatic hydrolysis.
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Introduction

The biological value of rapeseed oil is caused by the content of essential fatty acids
such as linoleic and linolenic, that are not synthesized in the human body. There are more
essential fatty acids in rapeseed oil than in olive one. Today, the production of rapeseed in
Ukraine and its exports, ahead of soybean, ranks second and it is considered to be a
strategic crop. One of the most common methods of oil extraction is the method of
compressing specially prepared pre-seed and its further extraction using an organic solvent.
These two process stages require more preparatory operations, considerable investments
and affect the quality of finished products and environmental entire process, stage
extraction is more complicated in hardware design. To extract lipids, which are kept in a
locked structure seeds should be able to overcome several barriers. The use of hydrolytic
enzymes such as cellulase, hemitselyulaza, pectinase in aqueous medium increases the
permeability of the structure. The paper studies the use of enzymes for complex action
pretreatment rape seeds meal to increase oil output by breaking down cell walls and
membranes. Minimal residual cake oil content of the sample, which was subjected to
enzymatic hydrolysis was 11.6% and the control — 24.4%. According to the results of
research enzymatic treatment does not alter the oil quality indicators and improves the
nutritional value of cake compared to the control samples, obtained without the use of
enzymes. The resulting crude rapeseed oil in terms of quality met the requirements of the
Ist grade oil. Today, rapeseed oil is one of the most popular vegetable oils in Europe,
particularly in Germany. Production of edible oil has also begun to increase. Rapeseed meal
is a high-protein product. 1 kg of rapeseed meal (with seeds) containes 400-500 grams of
fat, 380 grams of protein, 1.9 — 4 times more than pea, wheat and barley flour do. In case of
low-glucosinolates rapeseed varieties processing it is possible to include the derived meal
into the food of functional purpose. The use of enzymes makes it possible to obtain high-
quality products and reduce their production cost.

Traditionally, oil is extracted from oilseeds by pressing or solvent extraction methods.
The pressing oils are paid most attention in terms of environmental safety [1, 2]. The
process of mechanical extraction of oil is affected by a significant number of factors, which
in turn depend on processing parameters of oil material [3, 4, 5, 6]. The fragments of intact
cells and oleosoms, containing lipids are present in the material after traditional crushing,
moistening and heat treatment due to incomplete destruction of the cell structure [7, 8, 9].
This results in increase of residual oil content in the meal. Oil extraction technology
combined with the previous pressing is the most efficient, and therefore is widely industrial
used.

In addition to high oil yield solvent extraction technology has several disadvantages.
The organic solvent, used in the extraction process, is very flammable, toxic and expensive.
As result, oil extraction process is characterized by the danger of explosion and extraction
oil and meal are of low quality [10, 11, 12].

Thus, development of the technological way of oil extracting that can compete with the
efficiency of solvent extraction method remains an important practical purpose. To create
the optimal internal and external structure of the material to be mechanically pressed for oil
production a number of manufacturing operations are used. One of them is using of
different enzymes [13]. There are two main methods of extracting oil using enzymes:
aqueous enzymatic extraction and previous enzymatic processing of oilseeds before the
stage of mechanical pressing. These methods may have some advantages compared to
conventional technology of oil extracting. The first method allows simultaneously
removing oil and restored proteins [12]. But using of such technological operations results
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in the risk of a colloidal solution creation, which in turn may be the cause of a stable
emulsion and reduce the release of oils [1].

Enzymatic hydrolysis of cell wall is considered as an alternative pretreatment of
oilseeds [14]. During the enzymatic pretreatment processing enzymes only facilitate
hydrolysis of seed cell walls, so the system does not form a colloidal solution. The
destruction of complex lipoproteins and lipopolysaccharides molecules allows removing of
additional oil quantity in process of pressing [15]. Enzymatic pressing technology can be
used as an alternative to the traditional cold pressing to increase not only the release of oil,
but also improve the functional quality of the resulting cake [16, 17, 18, 19]. The enzymes
processing using does not change the quality parameters of oil and improves the nutritional
value of cake compared to the control samples, obtained without the use of enzymes [13,
19, 20].

Research findings confirm the need for further study and improvement of enzymatic
technology for processing of plant material. The aim of this study was to increase the yield
of oil from rapeseeds using enzymes in the process of seeds pressing and to investigate the
oil quality. In this work we have used enzymes of complex action for rape seed
pretreatment.

Materials and methods

Materials

Rape seeds of the low glucosinolates varieties were used in this study. The seeds were
cleaned and crushed before using. The following enzyme preparations with broad range
activities were used: Protolad (protease from Bacilus subtilis, 70 units/g, Enzyme, Ukraine)
and Celulad (cellulase from Bacilus subtilis, 300 units/g, Enzyme, Ukraine).

Chemicals and reagents

Petroleum ether, ethyl alcohol, potassium iodide and other chemicals used in the
experiments were supplied by "Ximlaborreaktyv" (Kiev, Ukraine).

Stages of experiments

The ground seeds were incubated with each of the two enzyme preparations (Protolad
and Celulad) at a concentration of 0,4—1,4% (by seed weight) for 2—4 hour at (42 + 0,2 °C)
while retaining 50-53% moisture contents. Then, the enzymes were inactivated at
temperature of 100 °C and the moisture level readjusted as high as 4-12% by seed weight
by drying the enzyme-treated material in an oven at 100 °C prior to pressing. A laboratory
screw press (L5—PSH, Ukraine) was used for pressing and oil recovery purposes at process
temperature 75-85 °C. A control oil samples were also prepared by pressing the seed
material using the same moisture and heat pretreatment and conditions but without the
enzyme treatment.

Methods
Sample preparation

Selected average sample of rape seeds were cleaned and used for analysis. Seed
moisture was determined by drying to constant weight. Fatty acid composition was
investigated by gas-liquid chromatography on a gas chromatography 4000m using capillary
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column ZB-WAX 30 m long with an internal diameter of 0,32 mm and a thickness of 0,5
microns stationary phase under the following conditions: the flow rate of gas-media — 10
cm’/min, flow rate division — 1:100, the evaporation temperature of — 230 °C, the
temperature of detector — 250 °C, temperature control column — the gradual heating from
50 to 220 °C. Registration and processing of chromatogram was carried out using a
personal computer equipped with software NetChrom v2.1.

Determine the acid number

Acid number was determined taking about 5 g of oil, dissolving in the solvent mixture
(diethyl ether: ethanol 1:2) and titration of free fatty acids by aqueous solution of sodium
hydroxide.

Determine the peroxide number

Peroxide numbers of pressed oils were determined by iodometric method taking about
1 g of oil.

Determine the residual cake oil content

Determination of the residual cake oil content was conducted in the Soxhlet apparatus
using petroleum ether as a solvent. Extraction time was about 8 hours.

Determine the degree of destruction of cell membranes

The method of instant shaking was used for determination of cell integrity. This
method allows to determine the content of the so-called "free oil". The content of cells
exposed on this method as follows. Sample oil materail about 10 grams are placed in a
conical flask is poured 200 ml of petroleum ether and the flask contents were stirred for 3
sec (exactly), then the flask was left alone for 10 sec (exactly), after which the ether oil was
quickly and carefully poured into another conical flask. The solution thus obtained is
filtered through a filter into a weighed conical flask. After the filter was washed with
several portions of ether, the ether from a weighted bulb distilled off and the oil dried to
constant weight. Amount of oil, expressed as a percentage, corresponds to the number the
so-called "free oil". In another test portion of the oil materail samples simultaneously
determine the oil content of the conventional method to Soxhlet extraction.

Statistical analysis

Each measurement was performed three times. Variants of technological parameters of
enzymatic pre-treatment before pressing were chosen under planning matrix of three
factorial experiments. Enzyme concentration, moisture content of the material before
pressing oil and duration of the enzymatic hydrolysis were input parameters of experiment
design and oil yield was the output function. The obtaining regression equation was tested
for variance homogeneity by Cochran criterion. The coefficients of obtained equation were
tested for significance by Student's test. The adequacy of the regression equation was
estimated by Fischer criterion.
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Results and discussion

Hydrolysis temperature is a critical parameter for enzymatic processes. At higher
temperatures the enzymes may be subject to recovery or inactivation. In the first case the
enzymes affect the process, having a positive effect, while the second — do not show their
activity. Regarding hydrolysis, equally important factor is the ratio of water to the solid
substrate in the system. On the other hand, enzymatic treatment with high water content
(moisture) may be more effective due to increased enzyme activity. In addition, high seed
moisture during processing is an unfavorable factor from an economic point of view. This
is due to the need to dry before the next stage of processing.

The main consequence of cellulase and protease pretreatment of oil material is the
destruction of cell integrity of seeds. The obtained results of influence of technological
parameters of enzymatic pre-treatment of seeds on quantitative yield of pressed oils are
shown in Table 1. According to Table 1, the amount of oil yield depends on the final
moisture of rapeseed before pressing, the concentration of enzyme and duration of
pretreatment.

Table 1
Effect of prior enzymatic treatment parameters on quantitative yield of rapeseed oil
Sample N | The concentration Processing Moisture Amount obtained
of enzyme , % by time , h content before | oil, % by weight
weight of seeds pressing, % of seed
1 1,4 2 4 43,4
2 1,4 4 4 42,9
3 1,4 2 12 40,4
4 0,4 2 4 43,1
5 0,4 2 12 32,2
6 1,4 4 12 37,6
7 0,4 4 4 45,9
8 0,4 4 12 42,2

The best results were obtained in the samples of rape seed that had moisture content of
4%. Enzymatic treatment of oil material during two hours is sufficient to obtain a high
quantitative output of oil compared with the control sample that was processed by the same
method with the only difference — the lack of enzyme, residual oil content in the meal
decreased from 24.4% to 9.4%. The 0.4% of the enzyme preparation to weight of seeds lets
to achieve efficient removal of oil.

Enzymatic treatment in compression technology is a very effective method for
increasing the amount of oil removed, which is characterized by higher quality of the
finished products for final consumption, and the process requires less investment than
traditional solvent extraction. The data on quality parameters of rapeseed oil are shown in
Table 2. According to the results obtained acid number of samples N7 and N4 were the
smallest, and the concentration of enzyme was on the lower level — 0.4%.
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Table 2
Quality parameters of rapeseed oil

Sar;ple Acid number, mg KOH/g Peroxide l/lzlgrllll(l;er, mmol
1 4,7 5,6
2 4,4 9.8
3 3.9 12,8
4 3,2 4,7
5 4,2 11,1
6 3.9 6,6
7 3,0 6,6
8 3.9 6,5

There were no direct dependence between time of enzyme pretreatment, enzyme
concentration and final material moisture and peroxide numbers of oils. They were in a
range from 5.6 to 12.8 mmol %20/kg and samples N 1, 7 and 8 had the lowest values.

Analysis of fatty acid composition of rapeseed oil sample after enzymatic extraction
have revealed increase of linoleic and oleic acids about 3 % and linolenic — more than 1 %
in comparison to the control. The content of other fatty acids revealed no significant

differences (Table 3).
Table 3
Composition of fatty acids in rapeseed oil samples

Content of fatty acid, % of the total content

N Fatty acid 0Oil after enzymatic Control oil sample
treatment

1 C 16:0 6,0 7,7
2 cis-9—C 16:1 0,2 0,4
3 C18:0 1,1 2,0
4 C 18:1 59,2 56,7
5 cis, cis-9,12—C 18:2 21,5 18,5
6 cis, cis, ¢is-9,12,15-C 18:3 6,2 4.8
7 C20:0 0,6 0,2
8 cis-11-C 20:2 0,3 0,5
9 C22:0 0,2 0,0
10 cis-13—-C 22:1 0,1 0,2
11 C23:0 0,7 0,8

We have calculated a regression equation for the dependence of oil yield from enzyme
concentration, moisture content of the material before pressing oil and time of the
enzymatic hydrolysis on the basis of experimental data:

v=49,04-0,72x,+1,19x;5_1,01x;x3_0,15X1X,X3.
In this equation input parameters that most influence the process of pre-processing and
extracting oil: x; — the amount of enzyme,%; X, — moisture content before pressing,%; X3 —

duration extraction process (h). The level of statistical significance is a = 0.05. The
intervals within which this equation is adequate given in the Table 4.
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Table 4
The range of variation of each factor

Name of levels variation X1, % X5, % X3, h
Higher level 1,4 12 4
Zero level 0,9 8 3
Lower level 0,4 4 2

The coefficients of obtained equation were significant according to Student test and
regression equation was adequate according to Fisher test.

Increasing the number of removed oil from rapeseed samples that were previously
processed by enzyme preparations of complex action shows that the enzymatic hydrolysis
is very effective method of material pretreatment to the pressing. Adding the enzyme is
possible in an aqueous solution, It is necessary to minimize the moisture oilseed material
during enzymatic hydrolysis, as the next stage of processing is the drying. The effect of
enzymes depends on the time and therefore the production process. Duration of treatment
may be decreased depending on the chosen enzyme. The increase in peroxide and acid
numbers in the two studied samples may be due to prolonged drying step before pressing. It
should also examine the degree of denaturation of the protein component of rapeseed meal
and the remaining amount of enzyme in the resulting oil.

The results determine the number of free cells of different samples shown in Figure 1.
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Figure 1. Determining the average number of "open" cells in rapeseed
by method of instant shaking

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1

91



Food Technologies

Conclusions

Previous enzymatic processing of rapeseed makes it possible to increase the yeild of

the pressed oil. The process of mechanical extraction of oil is affected by a significant
number of factors, which in turn depend on processing parameters of oil material. The
optimal humidity parameters of the oil material before pressing and duration of the
enzymatic treatment are determined. The fatty acid composition of samples and their
quality indicators, including peroxidation and acid number are analyzed. The main tasks of
further research are to study the effect of cellulase and pectinase enzymes for rapeseed, to
select the optimal ratio of substrate and biocatalyst, to determine the impact of technology
on the quality of the oil.
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Introduction. Using of whortleberry powder in
macaroni production from bread flour was researched that
is actual for the quality improving and increasing of
macaroni nutritional value.

Materials and methods. Macaroni products were
made from wheat baking flour and whortleberry powder.
The quality of macaroni products was estimated by means
of complex quality index, that includes sensorial, physical,
chemical indexes as well as nutritional value. Structural
and mechanical properties of dough were determined at
Brabender farinograph. Optimal technological parameters
were determined by Box-Wilson method.

Results and discussion. The quality of macaroni
products with addition of 5-10% whortleberry powder to
the weight of flour have got violet color, improved
cooking properties. The increasing of whortleberry dosage
till 15% effects more acidity of macaroni and lower
durability on 30%. Whortleberry powder causes
decreasing of gluten content and its hydration. It is
explained by fact that components of whortleberry effect
dehydration of macaroni dough and prevent biopolymers
wheat flour to form a dough. In this case gluten has got
more elastic properties. Whortleberry powder encourages
forming of small friability dough that fasten pressing of
products. The optimal technological parameters have been
determined, such as dosage of whortleberry powder — 4%
to the weight of flour, temperature of water for the dough
kneading — 37 ©°C. Such dosage fortifies macaroni
products with this nutrient in 2,3 mh/100 g (consumption
of 100 grams of macaroni products ensures daily
requirement for vitamin C by 2.56%).

Conclusion. Researched results are recommended
to varying of the assortment of macaroni products from
baking flour and for dietary, vegetarian and children’s
nutrition and in case of using of flour with enhanced
ability to darkening.
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Introduction

Macaroni products are produced at specialized food enterprises, at the restaurants by
equipment of small capacity and at home. The popularity of macaroni products in restaurant
enterprises increases last time due to widening of Italian cuisine in the world.

Macaroni products have a non-balanced chemical composition (oversaturated of
carbohydrates, low content of macro- and micro-elements, absence of fat-soluble vitamins
A and E). It causes the search of ways for enriching of macaroni products with essential
nutrients [1, 2, 3, 4, 5]. Investigations of scientists concerning applying of wild raw
materials (barbaris, hawthorn, blackberry, rowan, whortleberry) in the technology of
nutrition appears last years [6, 7]. Wild raw material is the source of valuable bioactive
nutrients — vitamins, macro- and micro-elements, food fibers that give the functional
properties to the products. The wild fruits are not processed by the chemical matters in the
growth period as cultivated raw materials [6].

On author opinion, using of whortleberry powder is a perspective way in increasing of
nutritional value of macaroni products. Whortleberry (Vaccinium myrtillus L.) in dry
matters contain of food fibers 12,6 g/100 g, B-carotene — 9 mg/100 g, vitamin C — 57,14
mg/100 g, macro-element Ca —91,4mg/100 g, K — 291,4 mg/100 g, Fe — 40 mg/100 g [8].
These components are limited in macaroni products made from wheat flour. Applying of
whortleberry powder in macaroni producing has not been investigated. Research of
technological processes and proving of technological regimes of macaroni products with
whortleberry powder producing will provide enriching of macaroni with bioactive
substances and varying of assortment of macaroni made by wheat baking flour.

Methods of research

The wheat baking flour of higher grade is used as the main raw material for producing
the macaroni products. The quality of the flour was characterized by the following
parameters: moisture 12.5-13.0%, content of gluten 25-27% of average quality.
Whortleberry powder was obtained by grinding of dried whortleberry at the laboratory
pulverizer with further scattering onto the metal sieve with sizes of opening 1 mm.
Whortleberry powder had homogenic texture, dark violet colour, moisture content 12 =+
0.5%, acidity 4.2 + 0,2 degree, ash assay 2.3 = 0,1%.

Raw macaroni products were shaped as noodles and twisted goods with 100 g mass by
extrusion of pressed dough via die with inserts of cuprum matrix without teflon coating at
laboratory press by 10 kg/hour capacity. Dough with moisture content 33-35% was
kneaded during 10 minutes, warm kneading with water of 40-60 °C was used.
Whortleberry powder was added in dry kind and in mixture with water in proportions of
5%, 10% and 15% per weight of flour. Raw macaroni products were laid on nylon sieve
cassettes and ware dried at laboratory condition with temperature 20 + 2 °C.

Macaroni products were analyzed in 6—14 days after producing. Each series of the
experiments was triplicated. By measuring the basic quality factors of semi-finished and
finished products, a sample sufficient for statistical processing was identified.

The organoleptic and cooking properties of the macaroni products were determined, as
well as its physical and chemical quality characteristics, including moisture content, acidity
and strength. Structural and mechanical characteristics of dough were determined by means
of Brabender farinograph.

The structure (crumbliness) of macaroni dough samples was studied by scattering the
batch onto the system of metal sieves (No. 7, 5, 3, 1) and by determining the mass of dough
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fractions different in size according to the methodology developed by prof. Yurchak V.G.
The amount of crumbs of each dough fraction was proportioned in percentage per batch.
The speed of macaroni extrusion (mm/s) was determined by measuring the length of the
raw product extruded within 30 seconds. The productivity of press, kg/h, was determined
by weighting the product.

The quality estimation of macaroni products was implemented by complex index [9].
This index includes estimation of organoleptic, cooking properties, physical and chemical
characteristics, nutritional value of macaroni products and is calculated by 100 balls range.

For the installing of optimal technological parameters of macaroni with whortleberry
powder producing the method of experimental and statistical analysis of the results has
been used, including the identification of errors, calculation of regression coefficients of the
mathematical model, assessment of the significance of mathematical model and verification
its adequacy. The optimization of the process was performed using the Box-Wilson
complex method by plan of full factor experiment 2°[10].

The chemical content, biological value by aminoacid content and nutritional value of
macaroni products were calculated by means of integral score [11].

Results and discussions

Firstly, the effect of whortleberry powder (5%) to the quality of macaroni products has
been investigated (Table 1). It has been installed that macaroni products with whortleberry
powder get light violet colour, pleasant taste and better cooking properties: mass and
volume of cooked products increases. But, passing of dry matter into cooking water
increases by 0.5%. Obviously, due to saccharides that solve in cooking water.

Totally, macaroni products with whortleberry powder had higher quality on 3 balls by
complex index comparing to the products without additional raw materials.

At the further step the dosage of 10 and 15% of whortleberry powder to the mass of
flour has been investigated with the aim of maximum fortification of macaroni products
with valuable bioactive substances. It was important to save the acceptable quality of
macaroni products.

It has been installed (Table 2), that products with 10, 15% of whortleberry powder get
strong violet colour and whortleberry taste, that do not worst the taste properties of
products. However, micro-cracks appear in the structure of products and strength decreases
to the 30%. This indicates that whortleberry powder does not ensure the formation of
structure products.

The increasing of acidity of products has been installed, in case of dosage whortleberry
powder 15 % this index increases triply.

Cooking properties of products get worst, namely, products have less volume after
cooking, the amount of dry matter passed in cooking water increases. As a result, complex
quality index of macaroni products decreases.

However, acceptable quality of macaroni products is characterized in case of dosage
5% of whortleberry powder. Further increasing of dosage has a negative effect to the
quality of macaroni products — acidity increases; cooking properties are getting worst,
strength decreases.

The quality of gluten, structural and mechanical processes, friability of macaroni dough
and parameters of pressing have been researched to prove the mechanism of influence of
additional raw materials to the processes of dough and products forming, structure of
dough.
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Table 1
Effect of whortleberry powder on the quality of macaroni products
Characteristics of products with the addition of
- whortleberry powder
Quality indexes Control (without Whortleberry powder, 5%
whortleberry powder) to the weight of flour
Organoleptic characteristics
Colour White | light violet
Surface Smooth, small number of cracks
Micro-cracks Absent
Fracture Glassy
Physical and chemical characteristics
Moisture,% 13+£0.5 12+0.5
Acidity, degree 22+02 25+02
Strength, H 5.5+0.2 52402
Cooking properties
Cooking time, min. 18+1 18+ 1
Mass increase index, M; 1.4+0.1 1.5+0.2
Volume increase index, V; 1.5+£0.2 1.6 £0.1
The am_ount of_dry matter 70+02 75403
passed in cooking water,%
Stickiness, shape Retain their shape, stick in Retain their §hape, do not
some way stick
Taste and odour typical for the kind of the light whortlel?erry, free of
product foreign

Complex quality index 89+1 92 +1

The gluten research was implemented with dosage of whortleberry powder 5 and 10 %
to the weight of flour (Table 3). It was found that whortleberry powder provides a reduction
of gluten and its dehydration ability. This gluten reveals more elastic properties in terms of
extensibility and compression device DDG-1. Obviously, whortleberry powder and flour
proteins compete for water absorption in the dough. As a result of more coarse
dispersiveness fiber whortleberry powder prevents swelling protein wheat flour for gluten
formation.

The study of structural and mechanical properties of the dough carried on with
whortleberry powder in dry form in an amount of 5 and 10% by weight of flour.

Results of farynohrams (Figure 1, Table 4) show that the addition of whortleberry
powder practically has no influence on the water absorbing ability of dough.

The duration of formation dough, in other words, time during which the value of
consistency investigated dough reaches its maximum, increases with the addition of
whortleberry powder.

Sustainability (stability) of dough, which characterizes the duration of preservation
macaroni the maximum level of consistency in the mixing, not typical for all samples.
However, the degree of dilution of dough, which is characterized by the difference between
the maximum reached during mixing texture and consistency in the final mixing time,
increases with increasing dosage of whortleberry powder. Evaluation based on farinogram
reduced. This indicates that the components of whortleberry powder detect dehydrating
effect in the macaroni products dough and prevent biopolymers wheat flour to form a
dough.
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Table 2

Effect of whortleberry powder dosage on the quality of macaroni products

Characteristics of products with the addition of
whortleberry powder, to the weight of flour

Quality indexes Control 0% 5%
sample
Organoleptic characteristics
Colour white intense violet
Surface smooth small number of cracks
Micro-crack absent
Fracture glassy
Physical and chemical characteristics
Moisture,% 12£0,2 12 +£0,5 13£0,5
Acidity, degree 22+0,2 48+0,2 6.5+0,2
Strength, H 54+0,3 42402 39+0,3
Cooking properties

Cooking time, min. 17+1 13+£1 10£1
Mass increase index, M; 1.4+0,2 1.3+0,1 1.1+0,1
Volume increase index, V; 1.5+0,2 1.4+0,2 1.2+£0,2
The ampunt ofdry matter 7.040,1 7.740,1 8.0+ 02
passed in cooking water,%

Stickiness, shape

Some stick together, form is not lost

typical for the

Taste and odour kind of the light whortleberry, free of foreign
product
Complex quality index 89+ 1 88+ 1 | 85+ 1
Table 3
Effect of whortleberry powder to the quality indexes of gluten
Indexes Dosage of whortleberry powder
Control sample 5% 10%
5 -
Content of raw gluten,% to the weight 254402 24.640.2 212402
of flour
Content of dry gluten, % 8.4+0,1 8.6+0,2 7.9+0,1
Humidity of gluten, % 67.0+0,5 64.8 +0,5 62.6£0,5
- = 5

Hy.dratmg ability of gluten,% the 203 +2 184 £ 2 167 £2
weight of dry gluten
Colour Light dark, violet dark, violet
Extensibility, cm 19+1 17+1 16 £1
Elasticity Extensible extensible extensible
Elasticity of gluten, unit of device DDK 73,6 £0,2 64,7+0,3 45,8 £0,2
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Table 4
Farinogram indexes of dough with whortleberry powder
Without With 5% With 10%
Indexes additional raw whortleberry whortleberry
materials powder powder
Watersorbing capacity, 59.6-56.4 59.8-56.6 59.4-56.2
sm*100 g
Tlme of dough forming, 25 3 5
min.
Stability, min. 0 1 0
Ra.refactlol.l for mixing, 35 165 180
unit of device
Evaluation based on
farinogram, units of 52 42 48
device
Figure 1. Farynohrams of macaroni products dough:
a —no additional material (control); b — adding of a 5% whortleberry powder;
¢ — adding of 10% whortleberry powder
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Results of studying of friability of macaroni products dough established (Figure 2), that
whortleberry powder provides formation more small friability dough: increasing mass
fractions of crumbs with size of 3—5 mm and greater than 1 mm, and weight decreased of
largest fraction in case of increasing the dosage of whortleberry powder.

Growth of pressing parameters of macaroni dough with whortleberry powder has been
established (Figure 3). Thus, adding of whortleberry powder in an amount of 5-10% by
weight of flour increases the speed and productivity of extrusion press due to the formation
dough with crumbs to the size that best fill the screw turns. This is positive as it allows to

get more production per unit of time.
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Figure 2. Effect of whortleberry powder to the macaroni products dough friability
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The full factorial experiment FFE 2% has been implemented for studying the compatible
influence of technological factors on the quality of semi-finished and finished products and
determining of optimal process parameters of macaroni dough producing.

The dosage of whortleberry powder, which has found in one factor experiment, requires
clarification of the interaction of other technological factors. Therefore, quantity of
whortleberry powder and water temperature for dough kneading were selected as the factors
for optimization of products. Quantity of whortleberry powder changed in the range of 4 —
12%, water temperature — from 33 till 55 °C based on obtained preliminary results. Complex
quality of macaroni products index has chosen as an optimality criterion.

Processing of experimental data using correlation regression analysis allowed getting
the regression equation in a coded expression (1), which describes the dependence of the
original function of the studied variables:

Y =89,25-1,8- X, +(~2,37- X,) (1)

where X; —adding of whortleberry powder; X, — temperature of water mixture.

The analysis of mathematical dependences for complex quality in coded form allows to
conclude that the effect of the studied variables on the original function and to quantify this
impact. Reduction of whortleberry powder dosage and temperature of water increases the
complex quality.

Processing of experimental data has been performed using FFE 2", which was created
in programming environment Borland Delphi v 6.0. Materiality regression coefficients have
been estimated by Student's test, the adequacy of the resulting mathematical model has
evaluated by Fisher criterion, the estimated value of which was 5.9.

The optimal values of technological parameters: whortleberry powder dosing — 4%, the
water temperature for kneading — 37 °C, providing maximum value complex quality — 94.5
points have been installed as a result of building the program "steep climb" and the
implementing of experiment. These parameters were the basis for developing of
technological instructions and recipes for making of macaroni products with whortleberry
powder.

According to calculations, the nutritional value of macaroni products found that growth
of macronutrients content compared to products without additional materials is negligible
increases in fiber and carbohydrates. However, carbohydrates of whortleberry are presented
by mono- and disaccharide that is digestible carbohydrates. As a result, the energy value of
macaroni products is falling.

Analyzing mineral composition of macaroni products found that they increased with
potassium, calcium, phosphorus and iron. Iron contained in whortleberries, is better
absorbed due to content of ascorbic acid in whortleberries [12].

Taking to the attention fact that macaroni products without additional raw does not
content vitamin C, products with 4% whortleberry powder fortified with this nutrient in
2,3mh/100 g, which the consumption of 100 grams of macaroni products daily requirement
for vitamin C is ensured by 2.56%.

Conclusion

The feasibility of using whortleberry powder in producing of macaroni products has
been installed based on experimental data.

Adding of powdered whortleberries has positive effect on the quality of macaroni
products in particular 5% whortleberry powder become violet, cooking properties improve,
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such as the weight and volume increases, except of it, products with whortleberry powder
with higher integral index for mineral and vitamins.

The increasing of dosage of whortleberry powder — 10 and 15% by weight of flour has
been investigated. Deterioration of quality of macaroni products with 15% whortleberry
powder for organoleptic and cooking properties has been established.

The effect of additional raw materials to the quality of gluten and structural and
mechanical properties of dough found that whortleberry powder components detect
dehydrating effect on the structure of the macaroni products dough and prevent
biopolymers flour to form a dough.

Whortleberry powder promotes formation of small friability of dough that encourages
growth of pressing parameters of macaroni products.

Optimal parameters of macaroni making with whortleberry powder, namely the amount
of powder — 4% by weight of flour, water temperature for the dough — 37 °C have been set
on experimental and statistical modeling. The resulting figures have been included to
technical and technological documentation for macaroni products with whortleberry
powder.

As the whortleberry powder gives the product purple colour, so it should be used for
production of flour with enhanced ability to darkening.

So increasing of nutritional value of macaroni products using whortleberry powder has
a social effect. These products are made from domestic raw materials, indicating the
stability of raw materials. This will help diversify domestic macaroni products, especially
dessert group, and enhance their competitiveness. Such products can be offered in the diet,
vegetarian, children's menu at the restaurant establishments.
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Introduction. Compositions from phytoestrogens
include components which differ from mono-raw-materials
by the high protein and the presence of a significant
percentage of lipids. During the processing of raw materials
makes sense to develop a mode of the preparing of soybean
with inactivation non-food components and drying with
maximum preservation of biologically active substances.

Materials and methods. During the research methods
used by modern means of measuring parameters of drying,
such as the time of the experiment , coolant temperature and
reduce the weight of the material. To assess the quality of
functional products was used standard research methods
with using spectroscopy methods.

Results and discussion. Developed preparing soybean
in which almost completely inactivated trypsin inhibitor — is
4%, or tracks within the error, and increases protein
digestibility of 25%. We used the songs: soybeans — carrots
(hydro-thermal processed) and carrot-rapeseed (without
hydro-thermal processing). To prevent lipid soy and
rapeseed them combined with vegetables. The drying
process is a binary mixture in the second period. Drying
material mode coolant 120 °C reduced by almost half
compared to the duration of the process at 70 °C. Acid
number increases to 5 — 8%, material at a temperature of
100 °C. Drying Rape-carrot mixture is in a period of falling
drying rate of the previous warming material. In drying
mode t =70 °C; V = 3,5 m/s; 6 = 10 mm maximum speed of
drying is 11.5 %/min. The final temperature of the mixture
78 °C. To prevent melayidynovoyi reactions that occur
during drying material with protein with high carbohydrate
content specified maximum temperature threshold 60-70
°C. With increasing temperature of the coolant increases
acid number (at 70 °C to a critical level of 4.2 — 4.5%, and at
100 °C rising to unacceptable values of 9 — 11%).

Conclusions. Created floral compositions in which the
most basic food components are stored. Developed
preparing regimes soybean and rapeseed to create
compositions with drying. As a result, studies were first
obtained phytoestrogenic products based on soy and
vegetables, canola and vegetables.
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Introduction

Soya is considered a rich source of proteins, lipids and contains other biologically
active compounds such as isoflavones, saponins and phytosterols. This diversity
compounds is complicating the process determine the beneficial biological function for one
connection after eating products based on soy (tofu, soy milk). For example, lowering
cholesterol is associated with the consumption of soy protein, saponins, isoflavones,
fytosterynov [1,2]. It is therefore important to use in food processed soy with shell, not
individual products beans.

Phytoestrogens — substances which are contained in small amounts in almost any plant
foods but in varying amounts. These substances on its structure resemble human hormone
estradiol — the most active form of estrogen [2]. It is known that estrogen plays a role in
reproductive function and bone health women's , and believe that it protects women from
heart disease with the onset of menopause. For these reasons phytoestrogens are regarded
as potentially important substance for the prevention of a variety of human diseases,
including heart disease and some forms of cancer[2,3].

Soy-based products are a major source of isoflavones. Isoflavones found in almost all
vegetables, but their main source are seed of soy and oilseed rape, dried peas [4].

The high fat content reduces the shelf life of crushed soybeans, the oxidation of fat
which leads to the destruction of other nutrients. To prevent oxidation of fat, soybeans was
combined with carrots, red beets and onions.

During processing under the influence of moisture and temperature is swelling
globules soy protein that promotes physical replacement and release of oil globules from
cytoplasmic matrix soybeans and their interaction with vegetables [ Patent of Ukraine
29892 MPK A23 LL1/20, A23 V7/02. Sposib oderzhannia soievo-morkvianoho poroshkul].

Thanks to colloidal capillary-porous structure of raw-material, moisture of ingredients
(soy beans 12...14% and vegetables 88...90% humidity) with careful mixing redistributed
and equalized.Carotene substances of vegetables partially soluble in soybean and rapeseed
oils, that protects carotene molecule from contact with the oxidant and save them from
destruction [3—4].

During technology processing of soybean is necessary to adjust the depth denaturation
of the protein. On the one hand, the minimum denaturation retains biological food-value of
protein , and the second — more stringent regimes for hygro-heat treatment are required
for inactivation of undesirable enzymes and proteins-trypsin inhibitors (Patent of Ukraine
29891, A method for producing a powder from a soy and pumpkin).

For soy exsist typical components that reduce the nutritional quality of protein
products. These components include the substance of protein nature and non-protein
character. The components of protein origin are soyin, trypsin inhibitors, some hygroma-
Iytic enzymes (protease, urease) and redox enzymes (lipoxygenase).

Products of processing soybeans have a specific odor, whose need to get rid of.
Already in the early stages of processing (soaking) disappears odor.

Materials and methods

For conducting research were used soy, canola, carrot chips, onions, squash, table beet
and functional compositions of them. Drying of raw-materials was performed on
experimental drying booth in a wide range of operational parameters, the temperature
varied in the range of 60...100°C, air speed 2.0...3.5 m/s, the moisture content of the coolant
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7..15 g/kg, layer thickness of 2...20 mm., with continuous automatic collection and
processing of information took place with the help of the developed application "Sooshka".

Drying soybean and rape was conducted at 70 °C coolant, air speed of 2 — 3,5 m/s,
carrier of moisture 10 g/kg evaporated moisture, the material layer thickness of 2...20 mm.
Quality control of finite raw-materials was performed defining the final material change in
acid number.

Physical — chemical studies to assess the quality of plant raw-materials and received
from it phytoestrogen powders were performed by standard methods.

Standard and official analytical methods — consuming and sometimes non-specific and
require a lot of time — include pretreatment of samples using complex chemical, physical
and biochemical reactions. Many of these methods are not sufficiently selective, complex,
or require expensive equipment, and hazardous chemicals. Therefore there is an urgent
need for methods with high sensitivity and in a standardized, internationally recognized
methods, including combined.

Before carrying out any analytical study at determine the chemical composition of the
plant material must extract these components. In each case, determine which solvent to use
for this rawmaterial, and further we are working by the standard method.

Results and discussion

Studied the effect of preliminary preparation phytoestrogenic raw materials on reduce
anti food components and changes in chemical composition.

Developed modes preparing of soy beans which include: soaking full beans within an
hourhour at a temperature of medium 50°C. Washing them after soaking, cooking for 20
minutes. After this, to prevent oxidation of lipids, soybeans combined with raw materials
containing carotene.

During hygro-termal processing (cooking soybeans for 20 min.) happens inactivation
of enzymes, including lipoxygenases complex and partial loss of light volatile and insoluble
in water decomposition products. At the same the concentration is decreases: of 2—butanol
(2.5 times), n-butanol (1.8 times), izopentanola (3.2 times), n-hexanol (in 5.0 times) [3].

In the process of the study was determined the chemical composition of soybeans
before and after hygro-termal processing and changes of quality in previous stages humid-
heat treatment [4].

Quality soybean hygro-termal processing for processing, nitrogenous substances —
35%, lipids — 16% carbohydrates — 27% digestibility — 55%, trypsin inhibitor — 50%.

Quality soybean hygro-termal processing after treatment, nitrogenous substances —
32%, lipids — 16% carbohydrates — 22% digestibility — 80%, trypsin inhibitor — 4%.

The quality of raw materials and finished products was evaluated by the content of dry
substances, mass fraction of total nitrogen, sugars, lipids, digestibility proteins. After
hygro-thermal process, increases digestibility of protein by 25% and is almost
completelyinactivated trypsin inhibitor.

Compared with untreated soybeans — beans,which was processed lose a small amount
to 5% of soluble protein that goes into the water, fats remain unchanged. Occurs a partial
loss (10%) of soluble carbohydrates losses due oligosaccharides that are not digested by the
human body, which is a positive.

To investigate material with phytoestrogen was chosen combination soybean-carrot
with hygro-thermal treatment and rapeseed-carrot without hygro-thermal treatment. To
prevent lipid soy and rapeseed them were combined with vegetables.
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Dehydration of plant materials, as has been emphasized — one of the most important
stages of the technology process, which greatly determines the quality of finished products.
Soy-vegetable compositions as drying objects are complex in structure, physico-chemical
and biochemical composition. They combine the properties of soy and vegetables with rich
mineral and vitamin content and high nutritional value of vegetable protein. The content of
vegetable protein gives them special properties that require a more thorough study of the
processes of dehydration [5,6].

With this aim were conducted experimental studies on drying soy-carrot combination
in the temperature diapason of the 70 to 120 °C (Figure 1) [4].

140

W,%

120
100 N
N

N

40

i
/

20 2

~—
\ \\
0 \
0 5 10 20 30 40 50 60 70 80 90 100 110 120 128

Time, min

Figure 1. The influence of coolant temperature on drying up composition of soy-carrot
V =2 m/sec; d = 10 h/kg dry product:
1-70°C,2-100 °C, 3 -120 °C.

Combined analysis of the data showed that the drying process of binary mixture is
passes in the second period. With the deepening of evaporation area into the material the
temperature is increased, and the speed of recoil of moisture reduced. Curves of drying rate
show that with increasing of temperature heat carrier intensity — the intensity of
dehydration the increases. Mode drying material heat carrier 120 °C reduced by almost half
compared to the duration of the process at 70 °C.

The influence of temperature, speed of heat carrier and layer oilseed rape-carrot
mixture on the kinetics of the drying process shown in Figure 3, 4, 5.

From increasing the temperature of heat carrier the drying period decreases in the
temperature range from 60 to 70 °C reduced by 8%, and during a further increase in
temperature from 70 to 80 °C reduces by 25%, and from 80 to 100 °C — 16% (Figure 2) [4].

The increase in heat carrier temperature more than 80°C leads to oxidation of lipid and
partial destruction of carotenoid as was considered earlier [3]. That's why, the impact speed
and the quality of the material dried raw explore 70 °C heat carrier temperature (Figure 3)

[4].
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Figure 2. Influence of coolant temperature on drying kinetics composition of rape — carrot (1:2)
6 =10mm (c) at V =3,5 m/s; W= 8%; d = 10 g/kg dry product;
1-60°C,2-70°C,3-80°C,4-100°C.
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Figure 3. Influence of heat carrier temperature on the rate of drying composition
rape — carrot (1:2)
6 =10mm (c) at V =3,5 m/s; W =8%; d =10 g/kg dry product:
1-60°C,2-70°C,3-80°C,4—-100°C.
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Drying mixture of oilseed rape — carrot is happens in a period of falling drying speed
of previous with warmed material. In drying mode t = 70 °C; V = 3,5m/sec; d = 10 mm
maximum speed of drying is 11.5 %/min. The final temperature of the mixture 78 °C.

The study of phytoestrogenic material showed that the greatest impact on drying
kinetics and quality of the material comes from the heat carrier temperature [8,9].

Changing the temperature in the middle layer of 10 mm, as shown in Figure 4, occurs
more slowly with the mode of drying 60,70 °C and more noticeable growth observed with
temperature increases to 80 — 100 °C [4].
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Figure 4. Effect of temperature heat carrier on to temperature change inside layer of the
rape — carrot composition (c)
6 =10mm (c) at V =3,5m/s; W = 8%; d =10g/kg dry product:
1-60°C,2-70°C, 3-80°C, 4—100°C.

When considering research quality of phytoestrogenic material we chose a combination
of soy — carrot which was hygro-thermal treatment, oilseed rape, carrots without hygro-
thermal treatment. Also we are studied composition with soy-based pre-processing hygro-
thermal such as soybeans — beets, soybeans — onions, soybeans — pumpkins, soybeans
crushed. This raw material contains a large amount of fat 20-40%, which are oxidized
during processing and in turn destroy biologically active substances. Therefore, the
influence heat carrier in the processing investigated in determining acid number change
[4].

In entire oilseed rape and soya beans during drying from the temperature of heat carrier
practically no happens change in acid number. Shredded soy and oilseed rape have another
characteristics during heat treatment [6,7].

Acid number is raised to 5—8% at the temperature of material the 100 °C. The entire
membrane around the seeds of soybean and rapeseed protects fats from the effects of
temperature and therefore the process of oxidation fats not happens. In the crushed
soybeans and oilseed rape this process is happens intense. With increasing temperature of
the material in crushed soy and oilseed rape is increased acid number. At a temperature of
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70 °C of the crushed material the acid number rises to a critical level 4.2 — 4.5% and at the
temperature 100 °C increases to values of 9 — 11%, which is already unacceptable. At the
earlier researching of paste, which consist caroten, were shown that at 5% of the acid
number happens the destruction of carotenoids are to 63%, and also happens the loss of
other biologically active substances [3]. Also partial hydration of fats during drying
rapeseed — carrot, soy — vegetable compositions. Creation of compositions based on soy,
rapeseed with vegetables made it possible to maximum to preserve the lipids from
oxidation and offer drying modes phytoestrogenic raw-material with temperature of the
heat carrier the 70 °C [7,11].

Optimum temperature of heat carrier at the drying fitoesrohennoyi raw material, with
pretreatment or without her, is the 70 °C.

Conclusions

Advance preparation phytoestrogenic raw materials allowed completely inactivate the
nonfood components of soybeans, increase the digestibility of proteins. Creating
compositions of soybeans — vegetables, rapeseed — vegetables allowed prevented lipid
oxidation during processing.

Was determined the optimum temperature of the coolant during drying phytoestrogens
raw materials, it is 70 °C.

The suggested regimes allowed to obtain a new product from soy, raps and vegetables.
Absence, in time the preparation of the material to drying, chemicals and other foreign
ingredients allowed to obtain high-quality environmentally friendly products while
preserving in concentrated form all the substances that make up the output feedstock.
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Introduction. The influence of cutting speed factor on
elastic and frictional properties of plant materials is
investigated and justified. The dependence of cutting force
on cutting speed is determined. The choice of rational
parameters of the process is justified by the qualitative
indicator of the ground product.

Materials and methods. The elastic properties of
vegetables have been studied by the standard method of
sample compression between two plane-parallel plates.
Compression force has been recorded. Frictional properties
were measured on the setup of disk type: the test material
was in contact with a rotating steel disk, the friction force
was recorded. Cutting forces were measured by the
tensometric method during plate blade penetration into the
material layer. The cutting speed varied within the range of
0.4-2.5 m/s.

Results and discussion. With the increase of cutting
speed the elastic properties of the material appear to a lesser
degree, due to the spread of elastic deformations in the
layer. Within the cutting speeds range from 0.4 m/s to 2.5
m/s the elasticity modulus is reduced by a factor of 1.2.

Frictional properties that are characterized by a friction
coefficient are reduced by a factor of 1.2—1.5 with the
increase of sliding speed of friction pairs from 0.75 to 2.66
m/s. The nature of these changes depends on the structural
configuration of the material, the moisture content, contact
surfaces quality, the pressing force of friction pairs.

Cutting forces of plant materials depend on their
structural and mechanical properties. The increase of
cutting speed within the ranges under study will contribute
to their reduction by a factor of 1.4-2, depending on the
product type. In this regard, it is appropriate to use higher
cutting speeds of plant materials for vegetable cutting
equipment in order to reduce specific cutting forces.

To get high quality cutting it is necessary to consider
the influence of cutting speed, cutting thickness, structural
characteristics of the products to be ground.

Conclusion. Taking into account the factor of speed
influence on cutting forces of plant materials, the optimal
and the recommended range of circumferential cutting
speeds for the products under research is from 300 to 600
rev/min.
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Introduction

The task of this article is to study the cutting speed factor influence on elastic and
frictional properties of plant materials; to define the dependence of cutting force on the
speed of blade cutting edge penetration into viscoelastic product; as well as to justify the
expediency of high cutting speeds use with qualitative indicator of the ground product.

Cutting force of food material is a major energy component of the cutting process. The
effectiveness and the expediency of the chosen grinding method will depend on this
indicator value. Reducing the value of cutting force is a priority for the intensification of
this process.

In this article, we raised the issue of grinding food products of plant origin
(vegetables), which are classified as viscoelastic materials.

At the enterprises of restaurant business vegetable cutting machines of disk type are
most widely used when grinding vegetables. In these machines, the product is cut with a
rotating blade installed in the working chamber of the machine on a special supporting disk.
Depending on the configuration of blade cutting edge the cut shape may change [1].

The conducted analysis of technical and operational performance of vegetable cutting
equipment has shown that in machines of different models the grinding speed ranges from
0,4 up to 2.5 m/s [2]. The analysis of the literature reference revealed no data on speed
factor influence on the cutting process of viscoelastic plant materials in the indicated range.
Besides, the factor of cutting speed influence on quality indicators of the ground product
has not been studied yet.

Cutting force in vegetable cutting machines of disk type depends on geometrical
parameters of the cutting tool (blade thickness, blade sharpening angle, surface roughness
of the cutting edge), technical and operational parameters of the machine (cutting speed),
and on the structural and mechanical properties of the product being ground, namely —
coefficient of product friction on the surface of blade cutting edge, and elasticity modulus
[1].

The influence of geometrical parameters of blades on the cutting force is described in
works [1, 3, 4, 11]. Structural and mechanical properties of viscoelastic materials are given
in works [5-8]. Data on the influence of cutting speed on structural and mechanical
properties of the plant material in the indicated range of cutting speeds are not systematic.

Materials and methods

The experiments were carried out with vegetables having a relatively uniform structure:
potatoes, onions, carrots, beets, eggplants, zucchini, cucumbers.

The study of elastic properties of plant materials was carried out by compressing the
product sample between two plane-parallel plates according to standard methods [1, 3, 7].
During the experiment the sample compressing force was recorded.

A linear relationship between compression stress and relative deformation has been
assumed in determining the numerical values of elasticity modulus [6, 8, 9].

To conduct the studies of frictional properties of plant materials the experimental setup
of disc type has been developed [10, 11, 12]. The setup design allows to study the influence
of sliding speed on frictional properties of the product in conditions most closely
resembling the actual manufacturing process. The setup consists of a head section, disk of
150 mm in diameter which rotates in a horizontal plane (disk is made of polished food
stainless steel), the vertical beam with tensoresistors placed on it, at the lower end of which
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the box with the product sample is mounted, the amplifier, the analog-digital converter, PC
and the package of licensed LGraph software.

Product sample is pre-set the desired geometric dimensions. For each subsequent
measurement a new sample of the product in a freshly cut form was used which eliminates
the possibility of juice loss. The required speed limit is set with the speed regulator. During
disc rotating the product sample is carried away with friction force and bends the measuring
beam. Devices record friction force value which is displayed on a monitor in a form of
oscillograms in real-time mode. The friction coefficient is defined as the ratio of frictional
force to the weight of the sample under research.

Specific efforts of plant materials cutting were determined by measuring the cutting
force during plate blade penetration into the sample layer. The research was carried out at a
linear cutting speed of 0.005, 0.1, 0.47, 0.75, 1 and 1.25 m/s.

The experimental setup similar to vegetable cutting machine of disk type at food plants
was used to study the influence of cutting speed limits on the quality of vegetables cutting.
The setup allows to change the circumferential blade speed from 150 to 2000 rev/min. The
product portion of 1 kg weight was ground at a predetermined cutting speed, and then the
cutting quality was analyzed and the number of substandard particles in the total mass was
defined.

The measurement and organoleptic methods were used to evaluate the product quality
indicators. The product was sliced 1, 4 and 6 mm thick. Grading was determined in
percentage correlation to the total amount of the product to be cut.

Results and discussion

Cutting speed influence on elastic properties of plant materials. Experimental
studies allowed to prove the reduction of elastic properties of plant materials pulp with the
increase of influence speed on the sample product under research. This is due to the
development of slow elastic deformation in the product. Initially, when loading a
viscoelastic material, there occur instantancous and delayed -elastic deformations.
Instantaneous elastic deformation is developed quite fast, it is almost impossible to be fixed
experimentally, that is why it is designated arbitrarily and is assumed to be zero in practice.
Delayed elastic deformation is the value that can be numerically determined. The
distribution of delayed elastic deformation depends directly on the loading speed.

The increase of deformation speed leads to the fact that viscoelastic stresses in the
product sample hardly relax, tensile strength occurs immediately after the yield point,
plastic deformation does not occur and brittle fracture is observed. The total deformation
work of the product will decrease.

The dependence of elastic modulus E of viscoelastic plant materials on the deformation
speed ¢ in the indicated speed range is of linear character (Figure 1) and is described by the
equation (1):

E=k. ¢, (1)

where k; and n are the coefficients which are defined by experiment.
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Figure 1. The dependence of elastic modulus
on the deformation speed for some vegetables:
1 — potato; 2 — carrot; 3 — onion.

The dynamics of elastic modulus change from the deformation speed is somewhat
different for different kinds of vegetables, which is associated with the structural
configuration of the products under study, and their moisture content.

Summarizing the results of the experiment, we should point out that for the
investigated plant materials within the range of loading speeds of 0.4—2.5 m/s, the elasticity
modulus is decreased by a factor of 1.2.

The influence of cutting speed on frictional properties of plant materials. Frictional
properties of plant materials are normally described with friction coefficient. According to
the results of experimental studies, the change of friction coefficient from the sliding speed
has linear function (2):

F=kmvr )

where fis a friction coefficient ;
v is sliding speed, m/s;
k", C" are the coefficients which are defined by experiment.

With the increase of the sliding speed from 0.75 to 2.66 m/s we may observe the
friction coefficients of the vegetables under study decrease by a factor of 1.2—1.5 at average
(Figure 2).
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Figure 2. The influence of sliding speed on friction coefficients of vegetables:
1 — beet; 2 — potato; 3 — carrot; 4 — cucumber; 5 — zuccini

The decrease of friction coefficients value with the increase of sliding speed is
associated with the change of roughness of contacting surfaces. When two solid bodies
contact there occurs a discrete contact, which causes the constant change of the individual
elementary contact points. In addition, each elementary contact has three stages of
evolution: interaction, change, and destruction [10, 11]. The lifetime of elementary contact
depends on the rate of relative movement of the friction pair, physical and mechanical
properties of the contacting materials, and the conditions of the sliding surfaces.

Upon elastic contact the individual surface projections have significantly greater
roughness in tangential direction than in normal one. With the enlarging of adjacent
material areas they are deformed. Under the influence of elastic forces the projection is
rectified and, oscillating, collides with other projections. Upon imperfect contact elasticity
with the increasing sliding speed the time between two impulses is no longer sufficient to
fully rectify the projection. This leads to the change of surface roughness. As the actual
contact area grows in time, then with sliding speed increase the contact time is decreased,
and respectively, the contact area is reduced. This leads to friction coefficient decrease.

Since the increase of cutting speed will help to reduce the influence of frictional
properties of plant materials on the cutting forces, then it is economically feasible to use
higher cutting speeds.

The influence of cutting speed on specific cutting forces. According to experimental
studies, the dependence of specific cutting force on the cutting speed is described by the
exponential function (3):

q, =kv", ©))
where g, is specific cutting force, N/m;
v is the cutting speed, m/s;
k and m are the coefficients which are defined by experiment.
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Figure 3 shows the diagrams of specific cutting force change within the cutting speeds
range from 0,005 to 1,25 m/s.
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Figure 3. The dependence of specific cutting forces of vegetables
on blade penetration speed:
1 — beet; 2 — eggplant; 3 — potato; 4 — carrot; 5 — cucumber; 6 — zuccini

In the speeds range under study there is a decrease of specific cutting force of vegetable
raw materials by the factor of 1.4 — 2. The most significant decrease of g, value is observed
within the speeds range from 0.005 to 0.2 m/s, after which the curve has a smooth flow.
The decrease of specific cutting force with the increase of cutting speed is associated with
the influence on the process of frictional and rheological properties of the product sample to
be ground. Thus, we consider the dependence R, = f(v) as a change of some physical and
mechanical property of the product, since it is a proven fact that the speed of the working
tool influences the nature of the plant material properties change.

Statistical studies, corresponding the minimum cutting speeds, show that the grinding
of plant materials under such conditions is not economically feasible. With the increase of
cutting speed exceeding 1.5 m/s there are difficulties with rapid removal of the ground
product from the cutting area and its excessive deformation due to the increase of
centrifugal forces effect. This has a significant impact on the quality of cutting as a whole
and reduces the competitiveness of the equipment.

Analyzing the above-mentioned experimental results, we can conclude the feasibility of
using high cutting speeds to reduce the specific cutting forces and, accordingly, reduce the
energy component of the process.

The influence of cutting speed on the ground product quality. It should be noted
that the quality of manufacturing operation is an important indicator when grinding plant
materials in food industry. The quality of the ground product is determined by the cut
smoothness, slice thickness constancy, the amount of defective products, juice losses etc.

Figure 4 shows the thickness influence of the products being cut on the cutting quality
at circumferential cutting speed of 1250 rev/min.

116 —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1



Processes and Equipment of Food Productions

35
30 —_—
25 Slicing thickness:
20 H6 mm
15 04 mm
10 01 mm
0 L sl

cucumber eggplant zucchini

Figure 4. The histogram of grading amount change from
vegetables slicing thickness at the grinding speed of 1250 rev/min

The experiment was conducted only for those products, the grading amount of which
was the largest. With the increase of cutting thickness from 1 to 4 mm the number of
substandard product particles is significantly reduced and reaches optimal performance.
With the increase of cutting thickness up to 4 mm the grading amount for eggplants
decreased by a factor of 3.6, for cucumbers — by a factor of 15.5, zucchini — by a factor of
1.3. The increase of cutting thickness up to 6 mm has no significant influence on the
number of substandard particles. Consequently, with the thickness increase of the slices
being cut the product breaks up less on impact with the structural elements of the machine;
and the presence of chips in the volume under study largely depends on the structural
features of the blade, the discharging device, and the degree to which the product is pressed
to the blade at the cutting moment. For such products as eggplants and cucumbers with
shallow cutting thickness, it is advisable to use cutting speeds up to 350 rev/min.

Figure 5 shows a histogram describing the change of the substandard products amount
when cutting certain types of vegetables in slices with the increase of cutting speed from
280 to 2000 rev/min. The cutting thickness in this experiment was 1 mm.
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Figure 5. The histogram of grading amount change with the increase
of cutting speed
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According to Figure 5 and the results of the experiment as a whole, we conclude that at
the cutting speed of less than 280 rev/min the cutting quality of the vegetables under study
is deteriorating. The integrity of the end surfaces of the slices is disturbed, which is
manifested in the formation of fractures and cracks, which impair the product appearance
and lead to excessive juice loss. Low cutting speeds are not recommended for the products
that are cut with the peel, especially if the peel elasticity is significantly different from the
core elasticity (eggplant, zucchini, some varieties of cucumber). When cutting such
vegetables the peel cutting force is much larger, and when cutting at low speeds there is an
excessive crushing of the product layers under the peel. This significantly reduces the
cutting quality. Cutting speeds under 280 rev/min are recommended for grinding the boiled
vegetables.

At cutting speed above 1000 rev/min, we can observe the increase of the grading
amount in the total volume of the ground mass. This is caused by the destruction of the
product on impact with the walls of the discharging device of the vegetable cutting machine
at the time of discharge. Such cutting speeds significantly degrade the cutting quality and
they are not recommended for the grinding of brittle and juicy products with thickness of
the slice being cut of less than 4 mm.

When cutting brittle vegetables of 1-2 mm thick it is necessary to select the cutting
mode more carefully. These vegetables are more susceptible to deformation upon contact
with structural elements of the equipment and the ground mass. When cutting vegetables
into slices over 4 mm thick it is allowed the use higher cutting speeds (over 600 rev/min). It
should be taken into account that the increase of cutting speed leads to additional juice loss
when cutting products with high moisture content.

Conclusions

Experimental research has allowed to study the influence of speed factor on the process
of viscoelastic plant materials cutting within the range of cutting speeds used in modern
vegetable cutting equipment.

It has been found out that with the increase of cutting speed the elastic properties of the
material appear to a lesser degree, due to the spread of elastic deformations in the layer.
Within the cutting speeds range from 0.4 to 2.5 m/s the elasticity modulus is decreased by a
factor of 1.2.

Frictional properties that are characterized by a friction coefficient of the material
under study are decreased by a factor of 1.2—1.5 with the increase of sliding speed of
friction pairs from 0.75 to 2.66 m/s. The structural configuration of the material under
study, its moisture content, contact surfaces quality, as well as the pressing force will
additionally influence the nature of these properties change.

Cutting forces of plant materials largely depend on its structural and mechanical
properties. Therefore, the increase of cutting speed in the ranges under study will contribute
to their decrease, as studies have shown, by a factor of 1.4-2, depending on product type.
Therefore, basing on research results, we can conclude about the expediency to use higher
cutting speeds of plant materials in vegetable cutting equipment in order to reduce the
specific cutting forces.

To obtain products of high-quality cutting with a minimum amount of substandard
particles it is essential to select the speed mode more carefully. The cutting speed has
significant influence on cutting quality of brittle materials and materials having the most
heterogeneous structure (presence of peel, seeds etc). Here, the product cutting thickness is
an important factor that determines this or that mode. Taking into account all the above-
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mentioned factors, the optimal and the recommended range of circumferential cutting
speeds for using in vegetable cutting machines of disc type will be 300—-600 rev/min. Under
this condition, the ratio of “cut quality — grading” remains optimal.

Experimental research data and the relations obtained are valid only for the specified

cutting conditions. When changing the cutting speed range the rheological properties of
plant materials can vary significantly.

Thus, considering the factor of speed influence on the structural and mechanical

properties of the plant materials and, as a result, cutting force, the optimal and the
recommended range of circumferential cutting speeds for the products assortment under
research is from 300 to 600 rev/min.
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Introduction. The work describes the analytical method of
changing the kinematic parameters intensive rotary periodical
mixer for making liquid semimanufactured goods of baking
industry and defined power necessary for such process.

Materials and methods. The process of mixing the liquid
components of wheat dough humidity of 65 % using a rotary
periodical mixer. Using the analytical method determined
kinematic and dynamic parameters of the mixer using the
differential equations of the medium movement which written
in cylindrical coordinates, ignoring the convective members
and by gravity.

Results and discussion. The work proposes analytic output
model of rotary mixer, namely energy balance for defining its
drive unit power. Found power used on rotation of the rotor in
liquid flour dough, as well as power required on punching flour
dough through channels cylindrical rotor. Comparison of these
two components has led to the conclusion that 40 % of the total
power consumed on the rotor rotation in product volume and
60 % on punching product through the rotor channels.

Comparing required power from the rotor sizes, indicates
that the rotation rate of 100 s rotor size 1/3D spends 3.62
times more energy than the rotor size 1/4D, while the rotor
1/2D spending has in 8,49 times more energy per rotor size
1/4D. By increasing the speed to 300 s this ratio is 4.14 and
9.28 times respectively. The reason is that increasing the rotor
size increases its contact area with the processed product,
which entails an increase in product resistivity rotating rotor.

As an analytically determined product velocity flow, torques
arising on the rotor shaft, the productivity for the finished
product and the required pressure head at a given productivity.

An analytic formula of drive power components allows us to
analyze its numerical value depending on changes in structural
and mechanical characteristics of the dough, the geometric
dimensions of the driven element and its kinematic
characteristics.

Conclusions. The work shows the general analytical model
of the process of mixing liquid dough in original designed
rotary periodical mixer. The advantage of the proposed model
is it reckons in the rheological properties of the product, which
makes it more accurately describes these processes.
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Introduction

The process of making liquid dough based on periodic mixer is economically
beneficial, but its implementation is related to the complexity of determination a mode
processing, a mixing parameters and a geometry of working. Currently, the matching all
these parameters is performed experimentally that requires considerable investments.

There are many researches related to mixing process (homogenization) of bakery
semimanufactured goods [1, 2, 3, 4], mainly because this process is responsible for the
quality of the finished product and most correctly can be described by classical equations of
conservation of mass, momentum and energy.

To study the problems of hydromechanics used three main approaches, namely
acquiring analytic solutions; physical experiment and numerical methods or use of
simulation(CFD).

Analytical solutions up to this date received only for the simplest tasks. They are also
used in numerical simulations to describe some aspects of the problem. The physical
experiment is mostly used as a criterion of correctness acquired numerical solutions.
Numerical methods are used to simulate fluid flow by means of computer technology.
Numerical simulation of fluid flow in the last decade becoming more widespread due to
intensive growth of computer performance [6, 7, 8, 9].

To solve this problem and design of a mixing equipment, becomes important
mathematical or analytical modeling of mixing process, which allows it to make more
informed choice of a geometry of working and processing modes that provide the
appropriate quality. Analytical modeling can also significantly reduce the amount of
experimental research and to reduce the cost of design work.

Mathematical studies of non-Newtonian fluids motion equations, especially
viscoelastic fluids, are quite complex. Right now, we obtain only few significant results in
this area. This can be explained by the following factors: first, even the mathematical
theory of Newtonian fluids and Navier-Stokes equations are not complete and contains a
large number of unresolved issues; second, many of the non-Newtonian fluids motion
equations, including viscoelastic, significantly harder Navier-Stokes’ equations and cannot
always be studied by the same methods; third, defining relations for many non-Newtonian
fluids were relatively new and little known among mathematicians. [10].

More complex models and solved by numerical methods and aimed at determining the
total shear strain, which is one of the indicators of quality of processing. However, the
quality of processing, on the other hand, can be measured by the intensity of dissipation,
which associated with mixing.

The vast majority of real flow that occur in nature and technology is turbulent. In this
case, speed, pressure, temperature and other hydrodynamic quantities pulsate erratically,
varying in space and time. Laminar flows are quiet, smooth and is a very rare exception.
Turbulent flow, as opposed to laminar, have a much greater ability to transfer momentum,
turbulent environment has a high effective viscosity. Turbulent flow has increased ability to
transfer heat and passive impurity, to the spread of chemical reactions [11].

It should be noted that the transition from laminar to turbulent flow leads to a
significant increase in energy losses compared to laminar, if it occurred at the same average
speed.

Attempts to describe the origin and development of turbulent has great history and are
in detail described in the literature. Basically, it refers to shear turbulence that appears due
to the layers sliding. There are complex models containing dozens of settings and can
describe subtle experimental results. However, because of their bulkiness they are difficult
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to implement. On the other hand, simple models have only a few options and limited in
usage. In real situations there are always a choice to make between generality and
complexity on the one hand, and simplicity and ease of implementation the other.

Many analytical models neglect viscosity which can significantly change the flow
picture by tightening its development over time. But do flow fully steady viscosity cannot.

Materials and methods

The process of mixing the liquid components of wheat dough with humidity of 65%
using the originally designed periodical mixer.

Dough mixed from the highest quality wheat flour, flour humidity was 13,9 + 0,2%.
The temperature of the dough was within 28 £ 1 °C. Dough’s volume in all cases amounted
to 0,006 m®, the density of the dough p = 1066 kg/m”.

Viscosity of dough was recived previously [12] and is described by power law:

n=4,71n""%,

where 7 — the number of revolutions of the rotor, sec™.

Limit yield stress dough was obtained [13] with rotational viscometer was under 1, =
2,5 Pa.

The device relates to the baking industry, namely to a periodic mixer. It intensifies the
mixing of liquid semimanufactured goods such as dough (Y.Y. Dolomakin, .M.
Litovchenko, Patent 103656 Ukraine, Device for mixing of liquid semifinished products,
publ. 25.12.2015). To understand the process is shown a diagram of the device (Figure 1).

maw)
- b — ,-—7 — \7
L _\\‘\_:\2
- _B__ S— PR
s bo— &
TN [] |
=
AT [ — | TA

Figure 1. Mixing device

The liquid and dry ingredients are loaded into the working capacity of the mixer 1 with
outer diameter D, wherein using the cylindrical rotor 3, outer radius R;, untwisted and
discarded by the centrifugal force to the periphery of the container. Due to the supply of
mechanical energy, within the rotor is occurring the pressure drop, which in turn creates a
massive suction of the product inside the rotor, while the hydraulic entrance 4 resistance in
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the rotor is minimal. Entering through the lower hole of the rotor and passing across the
through channels 5 of the first cylinder with radius 0,2-0,25D, the processed product is
expose an intensive mixing, dispersing and deformation of dispersed particles, whereas the
inner cylinder 7 designed with eccentricity and a diameter in the range of 0,35-0,4D creates
semi-vibration, pulsation, cavitation and other hydrodynamic effects. The intensification of
the mixing process in the machine caused by multifactorial effects on the treated liquid
heterogeneous medium, consisting in the pressure pulsations and liquid flow rate,
developed turbulence in the local volume of the rotor. The device allows to achieve greater
densities of hydrodynamic and hydroacoustic energy.

In order to adjust the intensity of product processing, a diameter of the entrance hole of
the rotor can be changed with removable washers of different diameters.

This design has a low energy consumption due to a fact, that the processed product is
both the source and the object of hydro-mechanical fluctuations, the kinetic energy is
converted directly into the turbulent energy.

Using the analytical method determined kinematic and dynamic parameters of the
mixer element, using the differential equations of the medium movement, which are written
in cylindrical coordinates, ignoring the convective members and by gravity.

For theoretical studies are used equations written in cylindrical coordinates r@z. The
equations were written under the assumption of axial symmetry of the flow, the flow
characteristics regardless of the coordinate z, is incompressible and isotropic medium,
constancy of its temperature and the ambient pressure [14].

In continuum mechanics most widely used Euler method, in aim of producing the
equations of media motion and received data analysis, gave the efficient use of the well-
developed methods of vector analysis and the theory of vector and scalar fields.

The object of examination in continuum mechanics are bodies consisting of a large
number of individual particles which fill a certain volume. According to the continuity
hypothesis, a similar body is viewed as medium that fills the space of the continuous
manner (continuum or continuous medium).

Results and discussion

Determination of the capacity of power drive unit carried out by the experimental setup
of a cylindrical cup with internal diameter D = 260 mm. Dimensions of driven elements
(outer diameter) were depended on the internal diameter of the bowl D, and were
respectively 1/2, 1/3 and 1/4 of its parts, which in absolute terms amounted to 130, 86 and
65 mm.

Next is derived an analytical model of the rotor mixer. The energy balance for
determining the drive power of the rotor mixer will look like:

P:P1+P2 (l)

where P; — power, expended on the rotor rotation in the product volume, W; P, — power,
expended to get sourdough through the rotor, W.

Next, we shall find the power spent on the rotor rotation in the liquid sourdough. By
transforming Genki equations through adding the equations linking the components of the
tensor’s tension with the components of the tensor’s deformation rates and assuming that
the flow of the medium is flat and axially symmetric, we obtain the simplified equations in
cylindrical coordinates r, z, ¢ with the z axis along the axis of the rotor:
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1 aTW+2TW 0o
p\ or r ’

(2)
1 2 5 ov. v
r=7 (T”,—TW) +4z,, —r0+—:— :
ov. v
(Trr_rww)£a_:_7¢j=0'

Then solving system with the following boundary conditions » = R;: v, = o|R;,
r=Ry:v,=0, as in our case m, = 0 (fixed cup)

Figure 2. Calculation scheme

From the third equation of the system (2) we shall find the circular speed v,. In order to
do this, first we put in it the value of the shear stress 1, (which found from the second
equation). After integrating it by the coordinate » (the limits of integration from R; to R;)
finding the speed of the medium points:

1
R In(R?/ R+ R'In——————(R?/R)R In(R? / R?
V_O)(R;_Rlz)+r_02 (2 1) 1 (Rzz/Rlz) (2 1)1 (2 1)
" (RJ/RHR 2 (R, / RR,
Making such changes:

b=R; /R,

a=R;-R],

Lo _ Sen

no

where Sen — the number of Sen-Venant-Ilyushin, a ratio measure of forces to the plasticity
of inertia forces. Finally, we get:
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?

S
= ﬁ(a Sen™ +(a—bR))In \/Z)
Rl
Assuming that the area of the shear flow is distributed by the whole space between the
rotor and the cup, a moment of resistance forces from the liquid sourdough is given by:
2 2

R R
T =2no 2h 2 —+71, 2h 2 —In(R, /R})
(R2/Rl)_1 (RZ/RI)_l

, . 21,hR;
making the change b =R} /R’ and relegate the expression over brackets % , at the

. . 0] _ . .
same time replacing 09 _ Sen having the final expression:

Ty
1 = 21,hR; Z 0 2 (nSen” +ln\/_)
Power, expended on the rotor rotatlon in the product volume:
P =Tx 20)]: R 2 (wSen” +lnx/_)

Figure 3. Power required for the rotor rotation in the product volume, P,

P1 . W 100
112D 4
80 <
e
-
60 W
] 113D
40 — T
|
P e
20 174D
I d_‘_‘_‘__‘____,_.
100 130 200 250 300
®, sec”
Figure 4. Power required for the rotor rotation in the product volume, P1 from its rotation
frequency
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Next, we find the necessary power to get liquid sourdough through the cylindrical
rotor channels (Figure 5). We apply the differential equations of the medium motion,
received in cylindrical coordinates (r, z, ¢ ) with the z axis along the axis of the rotor,
ignoring the convective terms and the forces of gravity, due to the high viscometric
properties of liquid wheat sourdough:

oP 1|0 ot,, or,,

—=—|=—(ro,)+ —0, +r—=

or r|or op oz
0 ot,,

lor _1 li(rz%)+ % Lo

rop r|ror oo oz
ot,,

L 2 e
0) z

Assuming (quite arbitrarily) that the mass is homogeneous, incompressible, and
medium flow — flat, insulated and axially symmetric, the equation of motion in terms of
tension take the form of:

o, _OP.
oz or’
2 61’2r,Ip +8r(pr _0
or 0z ’
0.
zZ
. e e o =
T L
— ~ || =2 .
— e ‘ ‘ *l\ff [
- sl A S | LY r
— BN - ) B
[~ " lnputt T T -
I -components — —

Figure 5. Calculation scheme of liquid dough motion through rotary mixer channels

The tangential product’s speed in the flow is determined by the following relationship:
ov 0]
P

Vv, S0 ——=1—
0z 0z
Knowing the physical and mechanical properties of the liquid sourdough and

expressing them in terms of the second invariant of the tensor’s deformation rate, get:
(n-1)/2

ov, ? ( r jz ov, oP
K|| ==L +|— —L =y
oz h oz or
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ov,

. r oo . .
knowing that: < 7 and substituting in the previous expression, we have:

z
2-n

o r

oz or K(w/h)"
from the boundary conditions v,= 0 at z = & get:
A
K ( / h)" or K" or
The performance of the final product will be determined by the equalization:
0’8r3—na)l—nh2n+l ap
K or

r

h
Q=38[0,1rv,dz =
0

Required pressure at a given performance:
-1
QK” n+4 n+4
2n+1 Lo —h
wh™"" (n+4)

Shaft torque which arises from the pumping effect:

p= )

T, = 2'[1:(92 2xridr,

i

21K Lo
Tf@m)(%} (=)

Power, spent on getting product’s volume through the rotor:
2nK" (
(n + 3) n

integrating, get:

P =T,x0= h Ul

n+3 r/+3)
1

Finding the values of two power capacities, substitute them into the equation (1) of the
energy balance of the rotary mixer’s power drive:

201,/hR; B 2nK" L
—bo—l 2 (nSen l+ln\/3)+—(n+3)h"( Pon 3)

h

Figure 6. Power needed to push the dough through the channels of the rotor, P,
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Figure 7. Power needed to push the dough through the channels of the rotor, P, from its
rotation frequency
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Figure 8. Total power capacity for mixing sourdough, P
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Figure 9. Total power capacity for mixing sourdough, P from its rotation frequency

128 —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1



Processes and Equipment of Food Productions

It can be assumed, that the total power to the rotor shaft in all cases depends on the
geometrical dimensions of the rotor and its rotational speed and the structural and
mechanical properties of dough.

After separately analyzing of the power components, we conclude that the power spent
on the rotor in addition to its size and the speed of rotation depends on the boundary shift 1,
tension and viscosity n dough. While used power for pumping dough through channels,
except its rotor geometry and speed of rotation, also depends on the consistency K and the
flow rate n dough.

If we compare the two components of power among themselves, in a different rotor
speed range and at its various geometrical sizes, in all cases, we obtain 40% of the power
consumed in the rotor rotation in dough volume, and 60 % — to push the dough through the
channels of the rotor.

Comparing the expended power on the size of the rotor, notes that the rotation rate of
100 s, rotor with size 1/3D spends 3.62 times more energy than the rotor size 1/4D, while
the rotor 1/2D spends 8 49 times more energy from the rotor size 1/4D. By increasing the
speed to 300 s this ratio is 4.14 and 9.28 times respectively.

Conclusions

Usage of a new generation equipment of stirring liquid media is the perspective
direction and it is possible both by using (1) swirling flow and vortex motion, which creates
centrifugal forces that greatly exceed the gravitational, and (2) application of elastic waves,
which create cavitation, acoustic pressure, pulsating microflows etc. The most effective of
these aspects combined in rotary machines.

The work presents the general analytic mixing model of liquid dough with a rotary
pereodic mixer. It is noted that the mixing process depends on the combination of other
processes (rotor volume of the product and forcing it through the rotor channels). The
proposed approach to the mixing process description as one of important influenced
procces on the quality of the finished product allows to organize its making modes. For
example, one of the advantages of this model is to taking into account structural and
mechanical characteristics of the product being processed.

Received analytical model includes geometric, kinematic and structural and mechanical
characteristics allows to optimize the process and serve as a basis for future project
calculations.

Model allows to determine the following parameters:

1. The rate of medium dots in the volume of dough and inside the rotor;

2. The distribution of section modulus of the liquid dough;

3. The performance rotor on the finished product and the required head pressure of
performance.

4. The power required for the mixing process.

The developed model allows under certain design parameters to get the rotor for
different speeds, mechanical and power characteristics, the optimum combination of a
cylinder of radius values, speed and load torque, ensuring maximum utilization of energy of
the rotor.

In the case where the kinematic and dynamic parameters of the process are represented
by analytical functions, convenient to use the theory of optimization of functions of several
variables, and can also be used in the mathematical formalism of calculus of variations and
optimal control theory.
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Introduction. We are going to consider the task of building
a multi nonlinear regression functions to any number of factors
when using a central composite design of experiments.

Materials and methods. The methods of mathematical
statistics use for find the total (by factors) algorithm for
calculating the coefficients of the regression multivariate
functions of the second order with the use method of minimum
squares and methods of linear algebra for finding the solution of
sparse systems of linear algebraic equations with.

Results and discussion. In most cases, for processing the
results of experiments useing orthogonal scheme of the central
compositional design of experiment. For m-factors the number of

experiments of full factorial experiment is 2" . This number of
experiments is insufficient to use nonlinear models of multivariate
regression of the full form. It is therefore proposed to use the
rotatable scheme of central compositional design. The number of

experiments without repetitions is (2" +2m ). More points allows
to find a greater number of coefficients of a nonlinear regression
function.

Construction of nonlinear models of multivariate regression
for an arbitrary number of factors requires special mathematical
tools. For processing the results of experiments we use nonlinear
model of multivariate regression. Coefficients of regression
functions by the method of minimum squares is the problem of
finding solutions of a system of algebraic equations. To solve the
system of equations, it is necessary to calculate the appropriate
number of determinants. Recurrence and direct formulas for
computing sparse determinants of a special type of of n-th order
were obtained for solving this problem. The main result is the
general formulas coefficients of regression function of the second
order that take into account the number of factors and the number
of experiments.

Conclusions. The results of mathematical modeling of
nonlinear multivariate regression functions are recommended for
use in determining the recipe of raw materials, for example, when
optimizing the recipe of confectionery products. Formulas for
calculating coefficients of multivariate regression functions of the
second order can be used for any number of m-factors when
applying rotatable central composite design of experiment with
the appropriate number research.
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Introduction

The central composite design of experiment (CCD) is the famous and convenient way
of research that to create a mathematical model to find the optimal solution — aggregate
value of certain factors that provide best value of investigational effective rate. But
depending on the number of factors and the number of experiments the algorithms for the
calculation of the regression functions may be different. Can be used various schemes of
CCD: orthogonal and rotatable [1-5].

In general, m — factor central composite design of experiment for the studing of the
links between several variable factors and their impact on certain qualitative characteristics
of the studied process it is used multiple regression equation the first, the second and less —
the third order, which parameters are evaluated according to a certain number of
experiments. We consider the task of calculating of the coefficients of the regression
function of the second-order factor m- rotatable experiment for any number m.

Materials and methods

Methods of mathematical statistics (correlation theory) and methods of linear algebra
(finding solutions of systems of linear equations) are used for mathematical modeling
studies of multi central composite experimental design. Moreover, the method of
mathematical induction was used for finding recurrent recurrent formulas of calculating
determinants special kind of arbitrary (sustainable) order.

Results and discussion

The multiple regression equation of the first order (linear) has the form
y=b+bx +bx,+..+bx,, (1)

where m — number of factors. Estimation of the parameters of this equation — coefficients
by, b, b,,...b, is done according to the sampling (the results of N experiments) according

by the method of minimum squares. In general, the coefficients of the regression equation
(1) calculate according by the formula in matrix form [4]:

b=(X"x)" X"y, Q)
where b= (by»b,,b,,... bm)T — vector of parameter estimates-coefficients,

; =(J,»¥,»-¥y)" — vector of criterion values in the N experiments,

I x, x, .. X

m

2m

— matrix, which has size Nx(m+1). 3)

I Xy Xya o Xy,

m

The function of the second order regression in full form for m factors is:
y=by +bx, +bx, +..++b,x, +b XX, +...+h X, +b, X +..+b, X 4)

mm*"m?

(m—l)mxm—
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where x, - variable of i-th factor, i=l,_m; by,b,....b,,,b,,....b b,,....b,, — the

Y (m=1ym> >~ mm
coefficients of the regression equation, which otherwise can be described as:
bbb, i=Lm, k=1m, i<k (b, =b,).

The nonlinear mathematical model (4) can be reduced to linear models (1). For this
the variables in (4) of degree higher than the first are replace by other variables (new) in the

first degree, provide their independence. After the change mathematical model obtained
from the model (4) can be considered as linear with » variables:

.

teta, oz =ayty.a, 0z, o)
j=1

where a; - unknown coefficients. The number of new variables r is:

y=o,+ta -z +.to,z, +a,, 2

m+l1

m> m  m’+3m
+m=2m+——=——
2 2 2

We can use the formula (2) to find the coefficients of the obtained regression function
(5).

The described method can be used in the case of the rotatable central design of
experiment, for the case of two factors is show in Fig.1. Due of the results of point with
"star shoulder" a are achieve the independence of the variables of second order. In the case
of two-factor of rotatable central composite design of experiment with the size of the “star
shoulder” «, when experiments can be done at the points 1-8 (Figure 1), matrix

coordinates X in coded form has the form:

oy =)

X, 4
+o. ¢ 5 1 -1 -1
1 +1 -1
2T____+_1_.T3 1+ +1
a gl Jo a1 e X:i ‘01 +l
8 ! ! 7 X, @
11______14 1 « 0
-1 1 0 «a
1 —aa 0

0.4 6

Figure 1. Scheme two-factor of rotatable
central design of

If the experiments N values of quality characteristics of studied process y,,k=1..N

were obtained, to find the coefficients of the function (5), we can apply the method of
minimum squares:

Q=§|:yk_(ao +Zr:aj~zkf):| — min. (6)
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Coefficients of the function (5) are the solutions of the system of equations:

_22{% (a0+Za ‘z, )} (-1)=0;

6(10 o

N .
6 2Z|:J’k — (o +Zaj 'Zkf):| zy =05
a,

k=1 j=1

Na, +iiaj 2y =0;

k=1 j=1

N N r
PRETEDNCIED IR
k=1 k=1 =

1=1,r. (7)

For the solution of the system (7) by Cramer's rule, we need to calculate the
appropriate amount of determinants.To solve this problem formulas were obtained to
calculate determinants special type of n-th order.

Let’s consider some of the important determinants of square matrices of general
dimension 7.

1. Determinant /, has n rows and » columns :

111 .11 I=1;

-1 0 0 .. 0 0 . 111
S0 to 00 12=‘_1 O‘zl, L=|-1 0 0=1
! 0 -1 0

00 0 .. 00 I = Oy (1 <1

0 0 0 .. -1 0

By the method of mathematical induction we calculate several determinants of lower
orders (n =1,2,3), make assumptions about determinant order (#-1) and calculate the
determinant of order ».

2.
111 1 J =1
1 -1 0 | 11
P U 0 12=‘1 _1‘ 2 L=l -1 of;
Tl e 10 -l
1 0 0 .. -1 0 o Wl
Lo o0 0 L=C0" L [F e =g

Recurrent formula for calculating determinants J, has the form:
J” = (_l)l7+l .[n + (—l)(_l)l7+r/Jn_l — (_1)17+1 _Jn_l a60 J” — (_l)nH -n.
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3.
a 1 1 I 1 1 a 1 1
a
1 -1 0 0 0 4 =a; 4y = 1‘=—a—1; 4 =1 -1 o0l;
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4= (1) 1 1+( (-1 a 1 Iy
1 0 0 -1.0 P -10 I |
1 0 0 0 -1
Recurrent formula for calculating determinants 4, has the form:
A =D)L+ (DDA, = (=) -4,
We can prove that 4, =(=1)""-(n—1+a).
4.
I 1 I 1 b 1
b B =b; B, = l =-b —b,;
b, -1 0 0 0 b, -1
b, 0 -1 0 0 by 1 1
B =
! we || By=lb, -1 0];
b, 0 0 -1 0 b, 0 -1
b, 0 0 0 -1 w11 sa b1
By=by ()| HEDED T =Ly
Recurrent formula for calculating determinants B, has the form:
B, =b,-(-1)"" I +(-1)(-1)""B, ,=b,-(-)""-B,_,.
We can prove that B, = (=1)"""-(b +b, +...+b,).
5.
1 1 1 1 ¢ . L1 ¢
e
-1 0 O 0 e | E=¢e; Ez—‘_ el =¢+e; E,=-1 0 e
g0 10 0 e ’ 0 -1 e
" N L1 e
0 e Ey=e-(-1)"" 10 +(=D)(=1)""* - _ ; =etete
_1 el'l

Recurrent formula for calculating determinants £, have the form:

E =E _ +e (-1) (=)= E _+e =e+e +..t+e,.
With the help of determinants of the special form considered above, we can solve the
system (7) and obtain the formulas of finding the coefficients of the regression functions of

the second order for an arbitrary number of factors.

Formulas for calculating the coefficients of the regression function (4) can be obtained

by solving the system of equations (7):
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where =Zyk; I =Zyk Xy
k=1

k=1
v=2"+2a%; R=M(2a4+m~2”’)—m~v2,v=2”’+2a2;
R=M(2a4+m~2'”)—m~v2,v=2m+2a2;

R=M(2a4+m~2”’)—m~v2,v=2m+2a2; R:M(2a4+m-2”’)—m-v2,

i,j=1,m; m —are numbers of factors.

Conclusions

We have considered the problem of calculation of the coefficients of regression
function of the second order for multivariate rotatable of experiment with an arbitrary
number of factors. As a result we got formulas for calculating determinants of a special
type, which significantly simplify the solution of systems of linear equations — coefficients
of multivariate function regression of the second order.
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Introduction. The purpose of research — to minimize the
subjectivity of expert methodology in occupational risk
management by the use of impartial risk-relevant information
and theoretically substantiated decision-making.

Materials and methods. The health and safety
management system in the tobacco manufacturing factory is
being observed during 6 years. The modified risk matrix
method has been advanced up to the component method of
risk-relevant information assessment. Method of multi-criterial
decision analysis for risk reduction was strengthened with the
application of Hurwitz criterion in terms of uncertainty.

Results and discussion. The survey of the health and
safety management system at the tobacco factory (2009-2016)
has demonstrated the difference between traumatic factors
highly ranked by experts (exposed to or contact with a harmful
substance”, including noise and dust in the working area) and
factors that caused lost time accidents at the site (moving parts
of machinery, fell from height). This difference is caused
primarily by the subjective component in the expert
assessment. To minimize the human failure in judgment the
following risk assessment scheme was proposed: 1. The risk-
relevant impartial information available at the site was taken
into account. It included in addition to the modified matrix
method outcomes, the external and internal audit
recommendations, near misses, the manufacturing statistics of
lost time injuries and fatalities. 2. The information was reduced
to common denominators — 18 traumatic events, and an
averaging mass risk distribution within risk-relevant
components was calculated. 3.The risks ranked as unacceptable
and intermediate are to be managed using hierarchy of risk
reduction, for this purpose and health and safety professionals
have prepared an array of measures for the each step of
hierarchy. 4. The expert group has judged them using 5 criteria
and the weighting factors, and the Hurwitz criterion was used
to overcome the uncertainty. 5. The highly ranked substantiated
measures were chosen by them to be a basis of a planning
process at the site health and safety management system. The
information analysis computer system is used to facilitate the
practical implementation.

Conclusions. It is recommended to use the advanced
expert system with the suppressed human factor for risk
management in the occupational health and safety management
systems in food and tobacco manufacturing.
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Introduction

One of the key factors determining the economic success of industrial companies is an
ability to maintain an advantage in an increasingly competitive global market. Insufficient
organization of work, poor working conditions, high level of hazards in human interaction
with equipment are factors that negatively impact on production efficiency. These factors
lead to accidents and set the manufacturing as one of the dangerous industries in frequency
of accidents at work [1]. The number of accidents can be reduced if enterprises enhance the
safety of working environment. In order to minimize the possibility of adverse
consequences in the workspace the risk assessment process is used. Companies, which
introduced the health and safety management systems, have better performance both in
safety and productivity than those that do not have such systems [2]. But in its functioning
often the imperfection of risk assessment is observed as the basis of a management system.
It is caused by the limited capacity of certain risk assessment methods, incorrect
application, poor correlation between the of risk assessment results and subsequent
management decisions [3, 4, 5]. Using widespread methods and common approaches to the
risk assessment the distinctive features of enterprises are not taken into account, that leads
to the inadequate outcomes. One of the biggest impacts in risk assessment provides the
factor of human subjectivity in expert estimation, which reduces the reliability [6, 7]. It
potentially can point the wrong direction for the risk reduction preventive measures and
cause the unavailing spending of resources. This is particularly evident for industrial
companies that tend to follow the requirements of health and safety management standards,
and engage a lot of workers for measuring the risk level with insufficient experience and
poor training. Although such engagement rises the right attitude of workers to risk
perception, it also increases the subjectivity in risk score calculation and therefore doubtful
risk reduction activities. In order to reduce the subjectivity in risk assessment some
researches propose to take into account the unaffected reliable information, that can be
quantitatively measured [8, 9].

The purpose of research is to minimize the subjectivity of expert methodology in
occupational risk management by the use of impartial risk-relevant information and
scientifically substantiated decision making. It is reasonable to make such advancement in
quantitative risk assessment techniques. As they are the most applicable and widespread
techniques (65,63%) comparing to qualitative (27,68%) and hybrid (6,70%), on the
assumption of their scientific studies [10]. But the existing methodological approaches
cannot be considered as universal for different sites, and their choice depends largely on
the context of risk management. Thus, the external and internal conditions of organizations
should be considered as much as it is possible, when selecting the risk assessment methods.
The factor of subjectivity has an impact on risk assessment where the experts conduct their
judgment groundlessly and without full information. Usually the expert’s opinion is
enlisted at the stage of risk assessment method implementation and the risk reduction
measure choosing.

The proposed method is intended to improve the reliability of the risk assessment
outcomes by quantitate treating all available risk-relevant information at the site. It will
create the more grounded basis for further risk reduction with the use of multi-criterial
decision analysis. Using the advanced expert system the risk assessment performance of
the site can be improved.
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Materials and methods

Health and safety management system in the tobacco manufacturing factory is being
observed during 6 years. The survey of the health and safety management system at the
tobacco factory (2009—2016) has demonstrated the 6-time reduction of accidents number
comparing to previous 10 years. Although it showed the difference between traumatic
factors with the highest risk score assessed by the experts using the modified risk matrix
method and factors leading to real injuries at the site. The modified risk matrix method
calculates the risk as the product of four multipliers:

R=P-F-S-N, (1)

where R — the occupational risk (risk); P — the possibility of an accident (likelihood); F —
frequency of hazard appearance (frequency); S — the extent of possible damage (severity),
N — the number of people exposed to the hazard (number of people). This is the improved
method in comparison with the original technique of “consequence/probability matrix” and
H. Rafaat risk calculator, where 3 factors are used and other similar methods [11]. Each
factor has its point scale, the expert group conducts the risk assessment evaluating jobs,
professions, processes, equipment etc. The evaluation defines the type of the traumatic
event that could potentially happen, and the risk level — from unacceptable to insignificant.
To increase the reliability of the outcomes and to suppress the human failure in evaluation it
was proposed to take into account the risk-relevant impartial information available at the
cite.

To characterize the context of risk management at the site it is proposed to operate the
concept of "risk-relevant information". It is a reliable quantitative data obtained
empirically, that characterizes the probability of consequences of traumatic events. The
principle of selection risk-relevant quantitate information from different time periods
(future, present and past) can be considered as an attempt to reflect the dynamic of working
environment:

1. Future threats of the working environment (forecasting, modeling, design). It can
include the significant risk factors identified by current risk assessment methods adopted at
the site (matrix method, HAZOP, HACCP, project and machinery risk assessment,
specific risks identification like fire hazard, hazardous substances etc.). Typically, methods
of risk assessment are elected by the organization among the 31 methods described in the
standard ISO/IEC 31010:2009 «Risk management — Risk assessment techniques»:
creative methods, methods of analysis scenarios, methods of analysis indicators, methods of
functional analysis, statistical curves. The most widespread of the standard methods is the
"consequence/probability matrix", where the risk is the product of the likelihood of
accidents and the severity of the consequences.

2. Current hazards to health present at the site. They can be identified during internal
and external audits, inspections and survey reports made by health and safety authorities or
trade union representatives. It is advisable to include the near misses reported by employees
based on the theory of safety triangle [12], split by causes.

3. Past experience of the working environment (the injury statistics). The information is
represented by the statistics of more than 3 days lost time accidents and separately fatality
statistics. If the site has an unrepresentative statistics, it is advisable to use the well-
maintained statistics of similar enterprises, industry, business group etc.
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All this information for further processing should be spread out on types of traumatic
events that could potentially happen. Thus, a massive data array of the risk-relevant
information is formed. It consists of data that characterize different time periods and cover
the context of risk management. The number of components can be increased or decreased
depending on the data available at the site. The more risk-relevant data can be taken into
account, the more adequate risk assessment process is performed.

In this case study for the tobacco manufacturing site the risk-relevant information
includes the risk assessment outcomes with high rating assessed by the modified matrix
method, the external and internal audit recommendations, near misses information, the
industry statistics of lost-time injuries and fatalities. The risk-relevant information was
reduced to the common denominators — 18 traumatic events, and it was processed by
determination of the risk of traumatic events based on averaging mass risk distribution
within risk-relevant components. Hence the modified risk matrix method has been
developed into the quantitative method of risk-relevant components assessment — the
component risk assessment method. The risks ranked as unacceptable and intermediate are
to be managed using hierarchy of risk reduction, for this purpose and health and safety
experts have prepared an array of risk reduction measures for the each step of hierarchy.
And the expert group of 4 experts has judged them using 5 criterion and the weight ratio for
each of them. The Routh—Hurwitz stability criterion was used to overcome the uncertainty.
In such way the theoretically substantiated measures with high score were chosen to be a
basis of the planning process in the site health and safety management system. The
information analysis computer system is used to facilitate the practical implementation.

Results and discussion

It is assumed that the risk assessment, based on inclusion of larger range of risk-
relevant information, leads to the increased accuracy of evaluation, and thus, to more
effective risk reduction. In the experiment the following risk-relevant information,
consisting of different data from 2009-2015 period have been analyzed:

— 544 lost time work-related accidents resulted in temporary disability for 3 days and more
in the manufacturing group of tobacco sites,

— 9 cases of fatal work-related injuries including contractors injured in the premises of the
manufacturing group of tobacco sites,

— 247 notifications from the site employees on potentially dangerous incidents that could
lead to injury — near misses,

— 26 non-conformities that could lead to traumatic events, found during internal and
external audits by health and safety experts,

— 48 hazards identified by the modified risk matrix method and ranged as a high risk level
of the traumatic events occurrence.

The risk-relevant information was reduced to the common denominators — 18 traumatic
events, and it was processed by determination of the risk of traumatic events based on
averaging mass risk distribution within risk-relevant components. The data array is a table
where the horizontal are 18 traumatic events, vertically — of risk-relevant components, in
cross-cells — the number of traumatic events recorded for each component. The sum of
events for each component is calculated as the sum of line items:

R; = ZRU ) )
i=1

where m — number of traumatic events, n — number of risk-relevant components.
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The shared risk distribution is calculated as the ratio of each traumatic event to the total
number of traumatic events for each risk-relevant component, taken as a percentage:

R,
R/=-5100% , 3)

i
J

For each type of traumatic events the arithmetic mean of risk distribution is calculated
for each risk-significant component, as a percentage:
— 1 m
Ri=—YR, 4)
=
The maximum risk is calculated:

Ry =max(R) 5)

Thus, the results of risk assessment are shown in a table outlining the risk of traumatic
events in percentage (Table 1, 2). Types of traumatic events are shown across, the risk-
relevant components are in vertical format.

Analyzing the data it is evident that the risk distribution for different components of
risk-relevant information diverges. Thus, according to the statistics of lost time accidents
that led to temporary disability for more than 3 days (nl), the most traumatic events were
road traffic injuries whilst travelling to/from work (23,53%); according to the statistics of
fatal accidents (n2) — fell from height and road traffic injuries whilst at work (by 44.4%).
With regards of the near misses registration provided by employees (n3) the most traumatic
possible events are slipping, tripping and falling at the same level (17,81%). According to
the nonconformities registration during audits (n4) and risk assessment results obtained by
the modified matrix method (n5) — the contact with hazardous substances is considered as
the most traumatic (15,38% and 33,33%, respectively). Thus, the overall risk of the
enterprise will be incomplete if only one component of the risk-relevant information is
taken into account.

And other way, the compilation reflects real risks at the site, as it is based on the and
quantitative method (the modified matrix method) and all available countable risk-relevant
information. With an accumulation, processing and comparison of risk-relevant
information the existing modified risk matrix method has been improved to the component
risk assessment method. The comparison and analysis of risk-relevant components leads to
the identification of the most probable traumatic events, and hence allows to conduct more
dedicated risk reduction.

Figure 1 shows a comparison the mass distribution of causes of injuries at the site (63
lost-time accidents with temporary disability for 3 days or more, 1999—2015), with the risk
assessment results of traumatic events likelihood, conducted by 2 methods — the modified
risk matrix method and the component method of the risk-relevant information assessment,
proposed in this work.
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Table 1
Determination the risk of traumatic events based on averaging risk share distribution in terms
of risk-relevant information

Risk-relevant information

nl n2 n3 n4 ns

Types of
traumatic
events

|

No % No % No % No % No % i

5.

102 | 18,75 | 0 0 34 | 13,77 | 3 | 11,54 | 3 6,25 10,06

8
e

41 7,54 | 0 0 21 850 | 1 | 3,85 | 4 8,33 5,64

m3 22 | 404 | 1 | 11,11 8 324 | 2 | 7,69 | 7 14,58 8,13

m4 25 | 4,60 | 0 00 26 110,53 | 1 | 3,85 |1 2,08 4,21

m5 63 | 11,58 | 0 0 8 324 | O 0 1 2,08 3,38

m6 48 | 882 | 0 0 44 117,81 | 2 | 7,69 | 2 4,17 7,70

m7 12 | 221 | 4 | 4444 | 4 1,62 | 2 | 7,69 | 1 2,08 11,61

m8 4 0,74 | 0 0 1 0,4 0 0 0 0,23

m9 531974 | 0 0 5 2,02 | 3 | 11,54 0 0 4,66

ml0 2 0,37 | 0 0 26 | 10,53 | 4 | 15,38 | 16 | 33,33 11,92

mll 4 0,74 | 0 0 31 | 12,55 6 | 23,08 | 1 2,08 7,69

ml2 0 0 0 0 6 243 | 0 0 2 4,17 1,32

ml3 0 0 0 0 21 850 | 1 | 3,85 | 3 6,25 3,72

ml4 | 13 | 239 | O 0 1 0,40 | 1] 3,85 | 1 2,08 1,74
ml5 5 092 | 0 0 0 0 0 0 0 0,18
mlé6 | 16 | 294 | O 0 8 324 | O 0 1 2,08 1,65

ml7 6 1,10 | 4 | 4444 | 1 0,4 0 0 4 8,33 10,86

ml8 | 128 | 23,53 | 0 0 2 0,81 | O 0 1 2,08 5,28

X 544 9 247 26 48
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Table 2

The description of traumatic events (m) risk-relevant information (n)

Code | Type of traumatic events Code Components of risk-relevant
information
ml Contact by moving machinery | nl Number of > 3 days lost-time work-
or material being machined related accidents (the manufacturing
m2 Hit by a moving, flying or group statistics)
falling object
m3 Hit by a moving vehicle n2 Number of work-related accidents
m4 Hit something fixed or resulted in fatalities (the
stationary manufacturing group statistics)
mS5 Injured while handling, lifting | n3 Number of near misses registered by
or carrying employees (the site data)
mo6 Slipped, tripped of fell on the
same level
m7 Fell from a height n4 Number of nonconformities, which
m8 Trapped by something can lead to traumatic events, and
collapsing found during internal and external
m9 Contact with machines at rest audits (the site data)
ml0 Exposed to or contact with a n5 Number of hazards with a high risk
harmful substance level identified by the modified risk
mll Exposed to fire or contact with matrix method (the site data)
hot substance or surface
ml2 Exposed to an explosion
ml3 Contact with electricity or an
electrical discharge
ml4 Using portable power or hand
tools
ml5 Physically assaulted by a
person
ml6 Another kind of accident
ml7 Road traffic injuries whilst at
work
ml8 Road traffic injuries whilst

travelling to/from work

Comparing the risk distribution data obtained by the modified matrix and the
component method it is evident that the last one leads to obtaining the risk data distributed
more evenly, and closer to the real causes of injuries. Also the impact of the subjectivity is
reduced, as it was shown in the example m10 "Exposed to or contact with a harmful
substance", that had the highest risk of occurrence of traumatic events identified by the
modified matrix method. Indeed, the staff has recognized the harmful substances, including
noise, dust and presence of chemicals in the working area, as the most dangerous risk
factor, as they have affected the psycho-emotional state of humans. But according to the
statistics data the harmful substances at the site did not cause any injuries or occupational
diseases. Conversely, traumatic events with serious consequences, such as m1 "Contact by
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moving machinery or material being machined", m 6 “Slipped, tripped of fell on the same
level", m7 “Fell from height” are underestimated during the risk assessment, as those that
have a few opportunities to be realized. Using the component method of risk assessment the
influence of factors caused fatalities was increased, such as m7 “Fell from height” and m17
“Road traffic accidents whilst at work™, which almost were not reflected in the risk matrix
method outcomes. So, the component method of risk-relevant information assessment is
more objective due to the larger number of components, and it allows to highlight real risks
and spend resources effectively and purposefully.

35
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= = = The modified matrix risk assessment method
= == Component method of risk-relevant information assessment

- Lost time accidents statistics

Figure 1. Comparison the real lost time accident causes with the mass risk distribution of
traumatic events occurrence, obtained by the modified matrix and the component methods of
risk assessment

Choosing the management measures the constant priority is to determine the frames of
risk acceptability. In accordance with the general risk management approach, the risk levels
are divided into few groups. In the component method it is proposed to divide the resulting

scale percentage value of the risk level of traumatic events occurrence [0...R* ] into 3

equal parts:
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1. The highest, an unacceptable risk level of traumatic events occurrence, where the
risk management is essential regardless of benefits from risk taking and costs

2 . . .
[5- Ry=..Rp= ]; This includes the risk of traumatic events occurrence: m10 (11,9 %) , m7

(11,6% ), m17 (10,8%) , m1 (10,1%) m3 (8,1%) .
2. Intermediate risk level, for which costs and benefits of risk-taking can be considered

1 2
in relation to costs — [; R~ -3 Ry~ ); mé (7,7%) , m11 (7,7%) , m2 (5,6 %), m18 (5,3%)

, m9 (4,7%) , m4 (4,2%) .
3. Acceptable level of risk is negligible, which does not reduction, as the cost of
reducing the risk exceeds the benefits, the risk is reduced as much as reasonably possible —

[0...1~R:w ). Specifically, m13 (3,7%), m5 (3,4%), m14 (1,7%), m16 (1,7%) , m12 (1,3%),
3 b

m8 (0,2 %) , m5 (0,2%) .

For intermediate and unacceptable risk levels the management measures should be
introduced. The terms for risk reduction is to follow the sequence of the risk reduction
hierarchy, as it is specified in the BS OHSAS 18001 Occupational Health and Safety
Management standard, in order of decreasing: elimination, substitution, engineering
controls, administrative controls, protection. For unacceptable risk level the application of
the three higher levels of the hierarchy are strongly required as the most effective. If the
level of risk is related to acceptable, the application of measures for its reduction is not
necessary until changes in working environment or risk assessment conditions have been
made, etc.

The next step is planning measures for risks reduction. The formalized statement of the
problem lies in deciding justification of choosing the optimal alternative set of management
decisions by applying the criteria. The search of the optimal solution is to maximize
(minimize) the criterion value calculated for multiple alternatives. For the formation the
array of alternatives (risk reduction measures) it is proposed to engage the occupational
health, safety and technical professionals. Each measure in each stage of hierarchy, created
for all traumatic events of unacceptable and intermediate level of occurrence will be
evaluated by the group of competent experts (55 measures in total for 5 unacceptable and 6
intermediate risks of traumatic events in this case study). With the aim of their subjectivity
reduction the evaluating criteria and weighting factor are to be used.

The expert group should apply the criteria via point scale ratings and weighting factors
for each criterion to evaluate each measure on its reliability in risk reduction. 5 criteria are
proposed for choosing proper measures k, , they are to be evaluated on a scale from 0
(low) to 1 (high):

1. The performance index of the measure: the level of ensuring the risk reduction of

traumatic event’s occurrence.

2. Stability of the result: the level of ensuring the sustained permanent positive result.

3. The efficiency of the measure: reasonability of cost and human resources required

for the realization of the measure.

4. Rate of implementation: the velocity of the measure implementation.

5. The easiness of implementation: needlessly of complex technical solutions, design,

interruption of the production process, special permits, etc.

Each expert has determined the relative weighting factor for each criterion under
condition that the sum of the relative weights exhibited by j-th expert (v, ) equal to unity:
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S =1, (6)
j=1

where v — the relative weight of the s-th criterion, exhibited by j-th expert; s =1, ..., 5,
j =1, ..., n—the serial number of the expert in the group.

The score calculation for evaluated measures according to the criteria and weighting
factors done by the expert group is the following:

b= kR (7)
j=1

where b, - the rank of the i-th measure, estimated by j-th expert,

k, - the value of the i-th criterion , estimated by j-th expert,

R, - the arithmetic mean of the risk distribution for the i-th component of risk-relevant
information (calculated using the formula 4).

The sum of ranks for each measure: (b,) is an a criterion for ranking measures in
ascending sort for compiling the list of risk reduction activities.

The level of accordance the expert evaluation was checked using the Kendall tau rank
correlation coefficient [13]. In case of accordance the finalized list of risk reduction measures
can be compiled and sorted in descending order of preferences, defined by the sum of ranks.

To solve the management issues in health and safety it is also appropriate to apply the
Routh—Hurwitz stability criterion (Hurwitz criterion) [14]. Applying the criterion of
Hurwitz the decision-making manager assumes that the environment may be in the most
favorable condition for the site management with probability « , and in the disadvantaged
condition — with a probability 1 — « . Obviously, there are two limiting cases of this
criterion: pessimistic (the value « is assumed to be 0), and optimistic (the valuea is
assumed to be 1). Thus, the result of Hurwitz criterion use is largely dependent on the
correct choice of a confidence factor (0 < o <1). This value is proportional to the degree of
the decision-maker confidence in occurrence of the favorable state of the environment. As
the practice shows, the choice of values for the confidence factor can be poor grounded.

So, summarizing the above considerations, it can be stated that Hurwitz criterion is
the most versatile. For its effective application, it is offered to calculate the confidence
factor based on a mathematical model that establishes the dependence of occupational risk
from multiple influencing factors. This model with a glance of formula (1) is the following:

R=R(P,F,S,N) (8)

In order to determine the confidence factor it is proposed to use the normalized rated
indicator, which is calculated as follows:

ael0; lae0; 1], )
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where R, — the rated value of the occupational risk; R™" R™ - at its maximum and

minimum possible value of indicator.

For the case when the occupational risk assessment is carried out in a range [0; 1], that

is R™ =0, R™ =1, formula (9) becomes:
a=1-R, (10)

Thus, the confidence factor is inversely proportional to the value of the calculated
occupational risk. The use of Hurwitz criterion allows taking into account the risk
assessment results for decision making in terms of uncertainty.

As an example, let us solve the task of planning risk reduction measures for m3
traumatic event “Hit by a moving vehicle”, ranked as unacceptable.

Traumatic Event: Hit by a moving vehicle.

Hazard: Movement of people inside the manufacturing area where there is a possible
hit by a moving electrical vehicle. The movement in the territory outside, where there is a
possible hit by collision with a truck or an automobile.

Conditions of developing risk reduction measures: the use of risk reduction hierarchy.

The set of possible states of the environment:

z; — the prognosticated market growth for the finished goods produced by the
enterprise, the increasing of production;

72 — the forecast on stable demand for the finished goods of the enterprise, the
production remains unchanged;

z3 — the negative forecast on decreasing demand for enterprise's products, the
production is reduced;

The calculated levels of the risk of traumatic events occurrence:

R =8,1% — The possibility of occurrence of a traumatic event "Hit by a moving
vehicle" (risk is unacceptable);

R™ =11,9% — The possibility of occurrence of a traumatic event " Exposed to or
contact with a harmful substance" (the risk is unacceptable);

R™ =0,2% — The possibility of occurrence of a traumatic event " Physically assaulted
by a person" (the risk is acceptable);

Decision-making criterion: the criterion of Hurwitz, the confidence factor calculated
using the formula (9) is 0,32.

The set of alternatives for the occupational risk reduction measures, expert evaluation
results of the alternatives, and the estimated values of Hurwitz criterion are performed in
the table 3.

Therefore the results presented in the column "Criterion value" show that the optimum
in this case is an Alternative @3, which corresponds to the biggest rated value of criterion.

The proposed algorithm of decision-making is based on the expert method that was
enhanced by suppressing the subjectivity. It allows to ground risk management decisions
ranging the alternatives using indicators both quantitative and qualitative nature in terms of
uncertainty. For provision of the automated calculation and maintenance of risk-relevant
database, as well as the visualization of risk assessment results the computer information
system has been developed. The software is based on the proposed algorithm of the
component risk assessment method and decision making, and it can be practically
applicable in the food and tobacco manufacturing enterprises.
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Table 3
Substantiation the occupational risk reduction measures using Hurwitz criterion

Alternative occupational risk reduction Expected results of the Criterion
measures alternatives value
21 72 23
al. Elimination of hazards (segregation of ways| 0,87 0,53 0,32 0,50

for moving vehicle and the pedestrians by
installing physical barriers where it is possible)
a2. Substitution of hazards (automatic 0,55 0,32 0,21 0,32
conveyors and pipelines for materials and
products transportation instead of moving
vehicles)

a3. Engineering controls (installation of traffic 0,91 0,47 0,38 0,55
lights, spherical mirrors above crossroads,
technical speed limit devices, light and sound
signals for reverse movement of vehicle)

a4. Signage/warnings and/or administrative 0,52 0,39 0,24 0,33
controls (warning signs, markings on the floor
walkways, training for drivers and all
employees)

a5. Personal protective equipment (shoes with 0,54 0,31 0,18 0,30
metal protection, light-reflecting jackets for
employees and visitors)

Conclusions

The component method of risk assessment is based on the evaluation of full range of
the risk-relevant information with further substantiated decision making was implemented
at the tobacco manufacturing factory. And is allowed to make some conclusions:

1. Human factor is expressed in risk assessment whilst an expert judgment. Such
parameters of working environment as noise, dust, temperature, chemicals even in
small dozes has an impact on psycho-emotional human state and hence distract the
evaluation from real causes of injuries. It does not mean that the conditions of
working environment can should be neglected, but focusing on severe injuries should
be kept.

2. To reach the comprehensiveness of risk assessment all risk-relevant information
available at the site should be taken into account. The simple average of risk
distribution between the statistics of lost time injuries and fatalities, near misses
information and results of internal and external audits, in addition to the standard risk
assessment method results can be calculated. It will help to estimate the risk of
traumatic events occurrence, and minimize the influence of subjectivity factor on risk
assessment outcomes.

3. The risk-relevant information should reflect different time periods, so the attempt to
recreate the dynamics of working environment has been done from the risk
assessment standpoint.
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4. The method stimulates the regular collection of risk-relevant information, increases
engagement, awareness and knowledge of the site personnel in risk assessment.

5. Comparison the risk assessment results conducted by the modified matrix method and
by the component method with the accident statistics has demonstrated the relevance
of the latter method to real hazards specific to the working environment.

6. Making reasonable management decisions for occupational risk reduction based on
multi-criterial approach and using Hurwitz criterion in terms of full or partial
uncertainty will rise the effectiveness of resource allocation in health and safety, and
it will enhance the safety performance of manufacturing enterprises.

Therefore, the minimization of human factor in expert judgement for occupational risk

assessment and decision making is a practical tool for avoiding incorrect choice of
management solutions, prevention significant material losses, and above all keeping safe
working environment and human wellbeing.

10.

11.

12.

13.
14.
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Introduction. The institutions of the hotel and restaurant
industry for its activity specific is not high-risk object, but the
adverse or unusual situations, which should be classified as
dangerous, can be created during its functioning. These situations
include explosions and fires, which take place in the process of
activities of the institution and could affect on the production staff,
staff and/or visitors.

Materials and methods. To assess the stability of structures
manufacturing objects of the hotel and restaurant complex to the
effects of negative factors there was making explore using a method
that establishes the procedure for calculating the value of the
overpressure, which may be created during the combustion of gas-
steam-air mixtures in production buildings of above mentioned
institutions.

Results and discussion. To calculate the values of the explosive
fire risk criteria in case the combustion of gas-vapor-air mixture
choose the most unfavorable variant of the accident (emergency),
when at the building receives the maximum quantity of dangerous
substances (mixtures). Number of substances which fall within the
buildings and may form explosive and flammable gas-air and steam-
air mixtures and their hybrids are defined under the following
conditions: — there is estimated accident (emergencies) one of the
devices; — the entire amount of the dangerous mixture contained in
the unit enters the building; — all amounts of pipeline substance
considering the time to disconnect.

The research method of calculating the overpressure, what may
be formed during combustion gas mixture was occurred with the
following conditions: in a typical building of the hotel-restaurant
institution with normal conditions of working environment, free
volume 200 m’, laid a pipeline with a bore diameter 50 mm, which is
transported propane C3Hg with maximum consumption 5x107* m?/s,
and the maximum pressure 150 kPa.

Calculations were made for cases with pipeline equipped with
automatic shut-off system timing eventually 2 s; Automation system
failure probability no more than 0.000001 a year and did not provide
emergency reservation of items, off time — 120 s; at manual
disconnection system off time — 300 s.

Conclusions. The proposed method of calculation of the
overpressure size, which can be created by the burning of gas-vapor-
air mixture in the buildings of institutions of hotel-restaurant
complex allows determine in advance the consequences of possible
adverse or unusual situations and take timely structural and technical
measures for preventing or minimizing it.
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Introduction

The institutions of the hotel and restaurant industry for its activity specific is not high-
risk object, but the adverse or unusual situations, which should be classified as dangerous,
can be created during its functioning. These situations include explosions and fires, which
take place in the process of activities of the institution and could affect on the production
staff, staff and/or visitors.

To provide the safety of visitors, staff and production staff, minimizing the possible
effects in the event of adverse or unusual situations, it is necessary to carry out the
sustainability assessment of the structures manufacturing objects of hotel and restaurant
complex. Based on the results is determining the suitability of structure of the building
(building) of institution of the hotel and restaurant industry to norms of the flammability
and explosive dangerous standards.

The aim of the work is to develop a method for calculating the value of the
overpressure, which may be created during the combustion of gas-steam-air mixture in the
buildings of the hotel and restaurant complex.

Materials and methods

To evaluate the stability of structures of the manufacturing facilities of the hotel and
restaurant complex for the effects of damaging overpressure factors of the blast wave was
carried the following researches stages:

« analyzed the conditions and factors what determine the degree of manufacturing
danger for facilities of hotel and restaurant complex.

* the existing methods of modeling the actions of the air blast on the elements of design
and process equipment of manufacturing facilities was analyzed.

« experimental research of parameters of the stability elements of process equipment
from the effects of the air blast wave overpressure and substantiated findings was made.

» was evaluated scale and consequences of possible explosions facilities of hotel and
restaurant complex.

During the research is applied method of analysis of the process deviations during the
substantiation of the dangers that may arise in case of violation of the technical
specifications for manufacturing facilities of hotel and restaurant complex; method of
failure analysis process equipment of hotel and restaurant complex while research the
effects of the failure of individual units, systems and devices.

Evaluating of fire and explosion danger of the technological process was determined
experimentally and analytically the following:

- overpressure, which is formed during the combustion of gas-steam-air mixture in the
manufacturing premises;

- size of zones what limited of Lower Explosive or Flammable Limit (LEL/LFL) of gas
and steam;

- damaging factors that arise in the destruction of process equipment due to the impact
on it center of fire;

- the intensity of evaporation of flammable liquids and liquefied gases in open area and
in the industrial premises;

- other indexes of fire and explosion danger of the technological process that is
necessary for analysis of its dangers.
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Results and discussion

In common life people very often found the adverse domestic, non-standard situations:
accident, accidents, mining of buildings, terrorism and so on. Such situations could have a
negative impact both on the production staff and visitors of hotel and restaurant institutions
(complex).

For safety designs, the right choice of material, quality of production, construction,
installation, repair and technical diagnostics, as well as compliance with the object to the
facility regulations consistent to enterprise organization (regardless of ownership and
departmental affiliation), which performs the appropriate operation. The accommodation of
buildings and their interconnection should create the necessary hygiene and fire safety
conditions [1-3, 7].

By the term “unfavorable” or “nonstandard situation” in the restaurant and hotel
institutions include situations arising in the building, which have no acquired the scale of
the emergency, but creating the threat for people's lives and health or causing of material
damage. These situations include explosions or fires, what threaten both the production
staff and visitors [4, 6].

Explosion and fire danger of hotel and restaurant institutions occursed, when using
vessels, which are working under the pressure (cylinders with combustible gases for gas
cookers; cylinders of beersplate installation and saturators; piping with natural gas or other
agent) in production, auxiliary, or other buildings. Also this danger occursing, when the
concentration of dust or gas meets the conditions to achieve of Lower Explosive or
Flammable Limit (LEL/LFL) of dust, gases or their hybrids what can explode (burst) able
under certain conditions (by exceeded the level of gas concentration in buildings and boiler
buildings, where the pipelines natural gas are or natural gas is used as fuel, ammonia
refrigeration compressors in cooling chambers are, renovations using varnish-and-paint
materials are, etc.) [6-8].

Therefore, for each institution of hotel and restaurant complex is developing the
documentation regarding the stability of buildings for the effects of an explosion or fire;
actions of staff in case of non-standard (unfavorable) situations.

To calculate the values of the explosive fire risk criteria in case the combustion of gas-
vapor-air mixture choose the most unfavorable variant of the accident (emergency), when at
the building receives the maximum quantity of dangerous substances (mixtures) [5, 8].

Number of substances which fall within the buildings and may form explosive and
flammable gas-air and steam-air mixtures and their hybrids are defined under the following
conditions:
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Quantity of
dangerous substance

— v T

There is estimated The entire amount of All amounts of pipeline
accident (emergencies) the dangerous mixture substance considering
one of the devices contained in the unit the time to disconnect
enters the building

Figure 1. Conditions, which counted to determine the amount hazardous substances

Time of disconnection of the pipelines is determined for each accident, based on the
actual cases. It should be minimal considering the technical characteristics of safety devices
and the kind of the process.

time operation of automatic shutdown system pipiline

that meets the technical characteristics of the device if
the probability of system failure does not exceed

0.000001 per year or provided emergency backup its

Calculated time elements (no more than 120s)
of
emergency
shutdown of the
pipelines 120 s, if the probability of system failure automatic over
0.000001 year and did not provide emergency backup its

elements

300 s with manual disconnection system

Figure 2. The determine limits of the estimated time of emergency shutdown of the pipelines

Using the technical means with off time exaggerates hover above mentioned are
unacceptable.

Excess pressure Ap, kPa, for individual combustible substances, which consist of atoms
of C, H, O, N, Cl, Br, I, F, is calculated by formula:

8= (P —p) 2 I 1)

Vbilpg,s Sc Ca
where pnax — maximal pressure, which generated during combustion or stoichiometric gas-
steam or steam-air mixture in a closed volume, kPa; Py — initial pressure of gas-air or steam-
air mixture, kPa; m — mass of combustible gas or vapor flammable and combustible liquids,
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which have got into the building with an accident, kg; Z — number of rate of combustible
substances during combustion gas-air mixture (allowed to accept 0-1, depending on the

type of combustible material); V}; — free building volume, m’; Pg,s. — the density of steam

or gas explosion at an initial temperature, kg/m®; S, — stoichiometric concentration of the
gas-steam or steam-air mixture; C, — coefficient accounting for facilities and leaks non
adiabatic processes of burning. It is supposed to take C, = 3. Leaks in buildings due to
constantly open windows or other apertures in the technological envelope.

Free volume of production building or any other building of the hotel-restaurant
complex is calculated as the difference between total volume and its volume, what is busy
processing equipment or interior (the objective of equipment filling, furniture and other
design objects). If the free volume production facilities can't be determined, it is accepting
conditionally, equal to 80% from the total volume of the building.

The density of gas or steam (pg) at the settlement temperature ¢, kg/m’, is given by:

M

— (2)
V,(1+0.00367t,)

Pos =
where M — molar mass of gas or steam, kg/kmol; ¥, — molar volume of gas or steam is
22.413 m’/kmol; £, — settlement temperature, °C.

Calculation of stoichiometric concentration of combustible gases or steam of the
flammable substances and combustible substances, S., % (vol.), is given by:

100
S =0, 3)
¢ 144,84
where B =n, 4+ —’%0 — stoichiometric coefficient of oxygen in the combustion

reaction; n., ny, n,, Ny —number of atoms of C, H, O in the molecule.
Calculation Ap, kPa, for individual substances and mixtures can be made by the
equation:
mH p,Z 1

Ap = ——mb0Z [~ 4
i Vbilpacu% Cu ()

where H,, — the heat of combustion, J/’kg; p, — the air density with the initial temperature T,
kg/m’; C, — the heat capacity of air, J/(kgxK); T, — the initial temperature, K.
Mass of gas m, which entering the workplace in case of the accident, kg:

t=Vat V) P ®)
where V, — volume of gas that came from the apparatus, m’; V,, — volume of gas, that came
out of the pipeline, m’.
With:
V.= 001p,V, (6)
where p; — the pressure in the apparatus, kPa; V — volume of apparatus, m’.

Vi=Vi+Vy (7)

where V, — the volume of gas, that came out of the pipeline before turn it off, m*; V,, — the
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volume of gas, that came out of the pipeline after shutdown it, m>.

Vie=q., (8)

where q — cost of gas determined in accordance with the technological regulations
depending on the pressure in the pipeline, its diameter, temperature of gas environment and
others, m’/s; t — time, s.

V,, =0,0lzp, (rlzl1 +r2212+,...,+r21 ), 9)

non

Mass of liquid vapor m, what falls in production buildings in the presence of few
sources of evaporation (surface liquid spilled, freshly painted surface, open containers,
etc.), is:

m=my + Myl + M paine. » (10)

where m; — mass of liquid, which evaporates from the spill surface, kg; m,, — mass of the
liquid, which evaporates from the open containers, kg; m pq,, — mass of the liquid, what
evaporates from the freshly painted surface, kg.

Thus, each component of the formula 10 is defined as:

t=Wws,T (11

where W — intensity of evaporation, kg/(m2><s); S.,, — evaporation area, m’.

The research method of calculating the overpressure, what may be formed during
combustion gas mixture was occurred with the following conditions: in a typical building of
the hotel-restaurant institution with normal conditions of working environment, free volume
Vs = 200 m’, laid a pipeline with a bore diameter d,;, = 50 mm, which is transported
propane C;Hg with maximum consumption ¢ = 5x10—° m?/s, and the maximum pressure
Piar = 150 kPa.

Calculations were made for cases with pipeline equipped with automatic shut-off
system timing eventually 2 s; Automation system failure probability no more than 0.000001
a year and did not provide emergency reservation of items, off time — 120 s; — 300 s with
manual disconnection system off time — 300 s.

The results are shown in Table 1.

Table 1
Calculated value of overpressure Ap, kPa
¢ maximum The presence of
Vi, free l,. the length of | consumption the automatic Value of
volume of pipeline that of dangerous | shutdown system overpressure
building, m’ cut off, m substance, (time of Ap, kPa
m’/s processing, s)

2 0,04

200 10 5x10-° 120 8,06

300 19,6

156 —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1




Life safety

These calculations are used for determining the stability of structures, scope and degree
of destruction of buildings and the number of possible victims. Therefore in the design of
new or renovation of old buildings should take into account all possible risks.

In the case of redevelopment of premises, change their functional purpose, technical
rearmament must adhere to the fire protection requirements of existing regulations of
construction and technological design. Not allowed reducing design limits of fire resistance
of structures and deteriorating conditions of evacuation of people.

Given the conditions of emergence, spread and effects of negative factors of non-
standard situations (fire or explosion) to the location of production conditions put forward
the following requirements:

— Engine building of cooling chambers must be located in one unit with refrigerating
chambers and have a separate entrance into the corridor. Engine building of freon
refrigeration units must be a height no less than 3.5 m, while the gas volume described
by compressors piston up to 150 m*/h — a minimum height 2.6 m.

— Heat points should position usually on the 1% floor of the building adjacent to the outer
wall of the water-supply input urban highway network and have output to the corridor
and into the street.

— Furnaces of coal, peat or wood cookers should be placed in a separate building.

— Number of automatic fire-detectors determined by the need in detection of fires of all
controlled buildings areas (zones).

Conclusions

The proposed method of calculation of the overpressure size, which can be created by
the burning of gas-vapor-air mixture in the buildings of institutions of hotel-restaurant
complex allows determine in advance the consequences of possible adverse or unusual
situations and take timely structural and technical measures for preventing or minimizing it.
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AHoTaiil
XapuoBi TexHonorii

M’sicHi IPOAYKTH IS XapyyBaHHA JIIOJeH 3 HA/NIMIIKOBOI0 Baroo Tijia — MaHAeMi€lo
XXI cTomiTrst

Jlrommuna Ilemryk, Oner I"anenko, Anacracist Annpocosa, Bonomumup boryn
Hayionanvnuii ynisepcumem xapuosux mexuonoeii, Kuis, Yxpaina,

Beryn. [Ins ycmimmHOoro BUpilIeHHS TpoOJIeMH HA/JIMIIKOBOI Baru BaXJIMBOIO €
PO3po0Ka TaKUX CHeliaIbHUX MPOAYKTIB, SIKi Jajy O 3MOry TpyIli Jifojeil 3 HaJIHIIKOBOO
Baroio Tilla 3HU3UTH Macy Tijla, CHOKUBAIOYM TOM 4M iHmMH mpoaykr. Takoro edexty
MOXHa JIOCSTTH, NO/AA04X abo 3aMiHIOIOYM NEBHUI KOMITIOHEHT y PELenTypi Ha iHIIWH, 3
BUCOKUMH (DYHKI[IOHATbHUMH BIIACTUBOCTSIMHU.

Marepianu i meromm. J{ist jmocmijpkeHHsST oOpaHO M'SCO ILECAPKM Ta  IIMHKY,
30ayaHCOBaHI 32 aMiHOKHCIIOTHMM 1 JXHPHO-KHUCIIOTHHM CKJIaqoM. Bukopucrani meronn
MaTEeMaTU4YHOT'O MOJIEIIIOBAHHS PEENTYp FOTOBOTO MPOJYKTY, €KCIIEPUMEHTAIbHI METOAN
JIOCII/DKEHHST  XIMIYHOTO CKJIAy, CTPYKTYpPHO-MEXaHIYHMX TOKa3HHKIB MPOAYKTY.
AMIHOKUCIIOTHUI CKJIaJl BH3HAUYEHO METOJOM 10HOOOMIHHOI Xpomarorpadii Ha aHai3aTopi
amiHokucoT Trimy T-339. JKupHOKMCTOTHMI CKIIa] CHPOBMHHM BH3HAYQIA METOIOM Ta30BOi
xpomarorpadii.

Pesyabratn i oOroopenHsi. [lnsd HOpMaibHOI POOOTH JIFOJICHKOTO OpraHi3mMy
HaWKpaIMM CIIiBBITHOIICHHSIM OCHOBHHMX JKHPHUX KHCJIOT BBaxkaeThcs 1:1:1. HaitOinpm
HAOMMKEHHMH 33 IIMM TOKa3HUKOM JO iZI€AIbHOTO € JKHp JAWKOI Kadykdh Ta IecapKu
(1:0,9:0,7 Ta 1:0,5:1,0 BigmoBimHo). Haifripmum 3a CHiBBiIHOIICHHSAM JKUPHUX KHCJIOT €
6apanstumii sxup (1:0,1:1,9). 3a crisBigHomenHsm [THKK/HXKK HadikpammmMu € CBUHIYUMA
xup (0,27) i xwup nepeneniB (0,21), HaWripmumu € xup Aukoi kauku (1,27), KIHCBKHUA
(0,58) 1 kypstuwmii xup (0,56).

BapeHo-komueHa IMMHKA 3 M’SACOM  IIeCapKd Mae€  OUTbII  30ajaHCOBaHUU
aMIHOKHMCIIOTHUI CKJIaJl TOPIBHAHO 3 KOHTPOJBHUMH 3pa3kaMH. Y BapeHO-KOIMUeHil
LIMHIII CIIOCTEPIraeThcsl BUIIUKA BMicT BajiHy (Ha 0,6%), nizuny (Ha 0,71%), metioHiHy (Ha
0,20%), Tpeoniny (Ha 0,69%), ananiny (ua 0,59%), acnaparinoBoi kucnoru (Ha 0,69%) Ta
rninuHy (Ha 0,79%) TOpIBHSAHO 3 KOHTPOJBHUM 3pa3KoM. 3a BMICTOM HeE3aMiHHHX
aMIHOKHCJIOT INMHKA 3 M'SCOM IeCapKu HaOJIMKAEThCS 0 OUTKa Kypsuoro SIAIp, a 3a
BMICTOM TaKUX aMiHOKHCJIOT, SK BaJliH, 130JICHIMH, JICHIMH, JIi3WH, aJlaHiH, apriHiH,
acrapariHoBa KUCJIOTa, TJIIIWH, TJII0TaAMiHOBA KUCIIOTA 1 THPO3HH MEepeBEpUIye HOro.

BucnoBku. BapeHo-komieHa MmMHKa 3 M'SACOM Iecapkud Mae Jo0pe 30ajaHcoBaHHMN
aMIHOKUCIIOTHHH CKJIaJ], XapaKTePU3YEThCS BUCOKOIO O10JIOTIYHOIO IIHHICTIO 1 MOXKe OyTH
BiJIHECEHA JIO MTOBHOIIIHHUX MPOAYKTIB XapuyBaHHS 32 BMICTOM HE3aMiHHHX aMiHOKHCIIOT.

KurouoBi ciioBa: m'sico, yecapka, wiunka, oxicupinms, XapuyeanHs, Oaiawc.
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JocigxeHHs BMicTY apOMaTHYHHUX KOMIIOHEHTIB y BHHI i3 cOpTiB BUHOrpazy,
BupomeHux B IncTutyTi BUHOrpagapcrsa i enodiorii (M. IlneBen, bosrapis)

Bamubo Ieiirapos, Tarsina Hondesa, dimitap JlimMitTpoB
Incmumym sunoepadapcmea i enonoeii, m. Ilnegen, boneapis

Berym. [MoxomkeHHs apoMaTWYHUX pPEYOBHH BHHOTpaay, MYCTYy 1 BHHA
BU3HAYAETHCS: aDOMATUYHUMHU PEYOBUHAMYU BUHOTPANY, SKUH TEPEXOAUTh Y MYCT i BHHO;
apOMaTUYHUMHU PEYOBMHAMH, SIKI € TPOAYKTaMH OiOXiMi4HMX sBHII (OKHUCHEHHS,
€KCTpaKIisi, TiAPOIi3), MO MepeayoTh (GepMeHTallii; apOMaTHYHUMH PEYOBUHAMHU, SIKI €
MPOAYKTAMH JISUTBHOCTI APDK/DKIB 1 OakTepidd, IO MPOBOISATH CIHPTOBE 1 SOIydHO-
MOJIOUHE (MaJoaKTHYHE) OpOIIHHS; apOMATHYHUMU PEYOBUHAMHU, SIKI YTBOPIOIOTHCS TTiJT
Yac MEpEeTBOPEHHS 1 € pe3yNbTaToM yTBOPEHHS BHHA; apOMAaTUYHHMHU PEYOBHHAMH, IO
YTBOPIOIOTHCS MTPOTATOM TPHUBAJIOTO 30€piraHHs Yu CTapiHHS BHUH.

Marepianu i metomu. J{ocmimKyBanucst BUHa 3 BUHOTpaay Takux BuaiB: Ctoprosis,
Kaiinacekuii  py0in, Tpamesina, Py0in 1 bByker, cenexktoBanux B IHCTHTYTI
BUHOrpajgapctBa 1 eHomorii y M. IIneBeHi OUIIXOM BHYTPIIIHBO- 1 MIKBHAOBOI
riopuamzanii. Lli Buam mnepepoOisivcss s BUPOOHMITBA CyXHMX YEPBOHHX BUH
TpaJULIHHNUM IUIIXOM. BH3HaYeHHS apOMaTUYHOTO NPO(dijo BUH MPOBOJAMIOCH ILIIXOM
ra3oBoi xpomaTorpadii.

Pesynbratn i obroopenHs. KimbKicTh alleTajpaeriny B JOCTIIKEHHX BHHAX
3HAXOMWJIacsd Yy MeXax HOPMH JUIsl YEepPBOHMX CyXWUX BHH. HalOinplly KiUTBKiCTh
areranpaeriay Oyao BUSIBICHO Y BHHI, BUTOTOBJIEHOMY 3 BUHOTpany copTy Kaitnackkuit
py6in (83,80 mr/am’). Y BuHAX 3 BuHOrpamy copriB Py6in i Croprosis KimeKicTh
alleTajbJCrily HEe3HAayHa, a y BHHI 3 BHHOIpagy copTy Tparmesila ameTaabieria He
3adixcoBanuii. Opakuii BUIIUX CIUPTIB 2-MeTHII-1-0yTaHoi Oya0 BUSBIICHO JIMILE Y BUHI
3 BuHorpany Kaitnacekuit py6in (269,80 mr/am’). |-meHTaHON, SKMil HAJa€ TIPHEMHOTO
KBITKOBOTO TOHY BHHAM, BHSBICHO y BHHAX 3 COPTiB BHHOrpamy Byker (71,79 mr/mv’),
Tparesina (58,20 mr/am’), Py6in (29,00 mr/nv’), Tomi K y BuHax 3 BuHOrpany Iliop Hyap
fioro BmicT ckmaB smme 1549 mr/mv’. 3 ¢paxuii edipiB y BCiX BHHAX BHSBICHO
ermnanerar (13-37 mr/am’). Takox y Bcix BuHAX 3adikcoBaHo i300yrHmamnerar (33,80-
86,84 mr/mv’). ETuioBuii GyTHpaT BHSBICHO JMINE Y BHHI 3 BHHOTpaZy cOpTy Byker
(164,60 Mr/am’). I3 Tpymu TeprieHiB BU3HAUCH] TepaHion i 6eTa - HUTPOHEIIION.

BucnoBku. KinbkicTh aneranbaeriay B JOCTIIKEHUX BHHAX 3HAXOJHUTHCS B MEXKax
HopMu. Cepex BUIIMX CHHUPTIB HaWOiMbIMi BMICT 1-mieHTanony. JominyouumM edipom €
ety Oyrupar. HasBHICTh TEpIICHIB MEHII IOMITHA.

KurouoBi ciioBa: sunoepao, euno, cnupm, egip, mepnen, xpomamozpagisi.

OOrpyHTyBaHHS ceIMMEHTAUIIHOI CTIHKOCTI MOJIOYHOI CMPOBATKH MicJs
€JIEKTPOiCKPOBOTro 00po0J1eHHsI

Oxkcana Kouyo6eii-JIuteunenko, Osbra UepHIOIIOK,
Jmutpo Punnrok, Karepuna Illytiox
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. CrarTs npucBsiueHa NEPBUHHOMY O0OpOOJIEHHIO MOJIOYHOT CHUPOBATKHU, 30KpeMa
MepCIIeKTHUBaM ii IMepepoOKH 3 BUKOPUCTAHHSAM EIEKTPUYHHUX po3psiiB. JlominbHICTH
3aCTOCYBAaHHS €JIEKTPUYHOTO PO3PSAY B TEXHOJNOTriT HEepepoOKH MOJIOYHOI CHUpPOBATKU
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MATBEPKYETHCS  €KCIIEPUMEHTAIbHUMK  JOCTI/DKEHHAMH, a TaKoX pe3ylbTaTaMu
MaTEMaTUYHOT'O 1 CTATUCTUYHOTO aHaIli3y.

Marepianu i merogm. Ha oOCHOBI MaTeMaTW4HOrO MOJENIOBAHHS CTBOPEHO
palliOHANBHUNA PEXHUM ENIeKTPOTiIPaBIiyHOI 0OPOOKH CHPOBATKH, SIKA CYHNPOBOKYETHCS
MaKCHMAaJIBHOIO TUCTIEPCHICTIO YaCTOYOK OCaPKEHOr0 Ka3eTHOBOTO TIHITY.

PesyabraTtu i odroBopennsi. byno minrBepmkeHO, IO CepeAHi TiapoJMHAMIYHHNA
JiaMeTp YaCTHMHOK MOJIOYHOI CHpOBAaTKU 3HU3UBCA 3 (1697,5 + 82,38) um mo (221,34 +
10,3) HM micnsg OOpoOKM ENEeKTPUYHMMHU pO3psIaMH 3 MaKCHMAalbHOIO Harpyrowo 45
KUTOBOJIBT 1 KUIBKICTIO PO3psiaiB 25. [HAEKC MO AUCIIEPCHOCTI TIPH IIbOMY pi3Ko Bmas 3 1,0
10 0,35... 0,40, o xapakTepu3ye CUCTEMY SIK MOHOJIUCIIEPCHY.

3a wanpyru 30 i 35 kB i kinbkocti po3psniB 5...15 mucnepryBaHHs 4acTHHOK Oyiio
HecyTTeBUM. CepenHili po3Mip 4acTOK 3MEHITyBaBcs TUTbKA Ha 22...30%. 3i 301IbIICHHIM
HAIPYTH 1 KUIBKOCTI pO3PsIiB BiJ3HAUEHO 3CYB MiKiB HA KPUBHX PO3IMOJLTY B OiK 4YaCTHHOK
po3mipom 10 500...1000 HM i1 3HWKEHHSI CEPEeIHbOrO TiIpoauHaMiyHOro miamerpa. Kpamm
pe3yNbTaTH eJEeKTPOTiIPaBIiyHOi OOpPOOKM MOJOYHOI CHpPOBATKM OynaM JOCATHYTI 3a
Hanpyru 45 kB 1 kinbkocTi po3psiaiB 25.

O6csr ocay B 06po6neniit cupoatui 3um3uBes 3 0,9...1,1 10 0,1...0,2 oM’ 3a Hampyru
45 xB 1 KijbKOCTI po3psiaiB 25.

BucHoBKkH. 3anporoHOBAaHO TEXHOJIOTIUYHY CXEMY IEPBHHHOI MEpepOOKH MOIOYHOI
CHPOBATKH 3 BUKOPUCTAHHSIM EJIEKTPOTiIPaBIiYHOTO METOY.

KurouoBi ciioBa: cuposamka, po3pso, oucnepcricms, ceOuMeHmayis, CMmitikicme.

TicToyTBOpIOBaNbHA 3JaTHiCTH cyMineii i3 0opolIHa mueHuni Ta NJI0AIB XJ1i0HOro
aepeBa

Timxani OKiMl, Oxe Kerinne®
1 - Hayionanone acenmcemeo pozeumky oiomexuonoeii, Osode €sa, Hicepis
2 - Biooin xapuoeoi nayku i mexnonoeiu, [epoicasnuil acpapHuil yHieepcumem,
Abeoxyma, Hizepis.

Beryn. [locmikeHHS MPOBEACHO 3 METOK BHU3HAYCHHS 3JaTHOCTI CyMIIIeH
MIIEHNYHOro OopoIlIHa i OOpoIIHa 3 IUIOJIB XJIIOHOTrO AepeBa 0 YyTBOPEHHS TicTa Ui
MOJKJIMBOT'O ITIPOMHCIIOBOI'O BUKOPUCTAHHS.

Marepianu i Metomu. Ilnogu XiOHOTO JepeBa COPTYBAIMCS, MIUTUCS, YACTHIHCS
BIJl IIKIPKH, HApI3aJUCS CKHMOKaMH, OJIAHIIYBAJIUCS, OXOJIOPKYBAJIHUCS, 3 HUX BUAAJSUIIN
BOJIOTY, CYIIMJIM Y CYIIMIBbHIN madi 3a Temneparypu 650 °C, moapiOHIOBaIH Ha OOPOITHO
1 MepeMillyBad 3 MIICHHYHUM OOpPOIIHOM i3 TaKHM CIiBBIIHOMICHHAMHU HIICHAYHOIO
OopomHa g0 IwiomiB xmibHoro aepesa: 100:0, 90:10, 85:15, 80:20, 75:25. Il
KOMIIO3HITIHHI CyMillli OOpOIITHA IiIaBajIi aHaJIi3y 00 3AaTHOCTI 10 YTBOPEHHS TicTa.

Pe3synbraTn i o6roBopeHHsl. MakCHUMaJbHHIA IMOKa3HUK B’S3KOCTI JJIA CyMIII
OopoIlHa MIIEHHUIT ¥ TIOIIB XJIiOHOTo MepeBa KomuBascs Big 193,5 1o 270,68 BimHOCHHX
omunuIpb. Crnocrepiranucs 3HauHi (<0,05%) BiAMIHHOCTI B 3HAuYEHHSX B’SI3KOCTI IS
pizHux 3paskiB. [lokasHHK B’S3KOCTI IIOKa3ye WMOBIPHICTH PO3PHBY TicTa MiJ 4Yac
npurotyBaHHs. [10ka3HUK B’SI3KOCTI, 3@ SKOTO MOKJIUBUM PO3PUB TiCTa, KOJTMBAETHCS Bij
72,92 mo 106,08 ymoBHUX omuHMIb. OCTaHHINH TOKAa3HUK B’SI3KOCTI KOJHUBABCSA MiX
216,67 1 275,75 yMOBHHMX ONMHUIIb, & HAWBHUIIE 3HAYCHHS B’SA3KOCTI OTPUMAJIO OOPOIIHO
IUTOMIB XJIIOHOTO JiepeBa, IO BKa3ye Ha CTAOUIBHICTh MPUTOTOBAHOrO Ticta. HaiHmxkudi
3HAYCHHSA KOJUBAIOThca Mik 96,0 i 111,75 ymoBHUX omuHMIL. MaKCHMaJbHUI dYac
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KonuBaeThes Bia 4,43 mo 4,66 xB mis 100% mimeHudHOro OOpOIIHA, TOMI SIK 3HAYCHHS
cymimi Ha 15% wnmwxkui. 3Hayni (<0,05%) BiAMIHHOCTI TMOMIYEHO IJIsI TEMIEpaTyp
YTBOpPEHHSI Ticta 3 OOpomIHA CyMimn MIIEHHII Ta XdiOHoro nepesa. TemmepaTypa
YTBOPEHHS TICTa Ja€ 3MOT'y BU3HAYHMTH Yac JKENaTHHI3AIIH MiJl 4ac MpoLecy.

BucnoBku. 30inbieHHs] BMICTYy OOpolIHa 3 IUIOAIB XJIIOHOrO JiepeBa B CyMilli
MOKpaIIye ii TICTOYTBOPIOBAJIbHI XapaKTEPUCTHKH.

KurouoBi ciioBa: nwenuys, xaione depeso, bopouito, micmo.

BuiinB MOpchKUX BOJAOPOCTEH HA 3MiHU MOKA3HUKIB IKOCTi BEPIIKOBOI0 MacJia

Tersana Kebcoka, Onena Oukosc
Kuiscoruii nayionanvnuil mopeoeenvHo-exonomiunuti ynisepcumem, Kuie, Yxpaina
Hayionanvnuii ynieepcumem biopecypcie i npupoooxopucmysanns, Kuis, Ykpaina

Beryn. Meroto crarTi € JOCHIIKEHHS BIUIMBY MOPCHKMX BOJOPOCTEH Ha 3MiHH
MOKA3HUKIB SIKOCTI BEPIIKOBOTO Maciia B Ipolieci 30epiraHHs.

Marepianu i meromu. OOG'€eKTOM JOCHIDKEHHS € 3pa3kd BEPIIKOBOI'O Macjia 3
TIOPOIIKOM 3 JlaMiHapii, (ykyca, CIipyJaiHH i IUCTO3UPH; KOHTPOJIEM — BEPIIKOBE Macio
XKHUPHICTIO 62,5%. 3pa3ku 30epiranmu 3a Temneparyp wmoc 3 = 2 °C i minyc 7 £ 2 °C,
BH3HAYAJIM 3MiHU OPraHOJIENTUYHHUX ITOKA3HUKIB (CMaKy i 3amaxy), a TakoX MEepBUHHUX
MIPOJYKTIB OKUCIIEHHS — IIEPOKCUIB 1 T1pOJIi3y JIMiIiB Ha PI3HUX TepPMiHaX.

Pesyabratn i o0roBopeHHsi. BukxopucTaHHS MOPCHKHX BOAOPOCTEH Yy CKIai
BEPIIKOBOI'0 Macja J03BOJISE MPOIOBKUTH TePMiH 30epiraHHs MPOAYKIIi B qBa pasu. Tak,
JUHAMIKAa OpraHOJIENTUYHHX IIOKa3HHWKIB  BEPIIKOBOrO Macia 3  BOJOPOCTSIMH
XapakTepu3yBanacs 3HWKEHHSIM OalliB y KOHTPOJIBHUX 3pa3Kax B Mpolieci 30epiranHs npu
wioc 3 + 2 °C no 45 ni6 Ha 4 Oanwu, 3 BOAOPOCTAMHU — Ha 2 Oaiu; mija yac 30epiraHHs B
yMoBax MiHyc 7 = 2 °C g0 65 ni6 — Ha 5 OayiB B KOHTPOJIBHOMY 3pa3Ky i Ha 2 Oamu — 3
MopchkuMu BozopocTsmu. [1ix wac 30epiraHHs 3pa3KiB B yMOBax TeMIepaTypH uioc 3 = 2
°C 3MiHU KOMIUIEKCY TTOKa3HHUKIB IIPOXOIUTH O1JIbII iIHTEHCHBHO ITOPIBHSHO 31 30epiraHHsIM
pu MiHyc 7 £ 2 °C, 10 MOSICHIOEThCS BILTMBOM HU3BKHX TemIeparyp. [lepokcuaHe 4ucio
KHUPY KOHTPOJIBHOTO 3pa3Ka BepIIKoBoro Macia micist 30 1id cranoBuio 4,9; 3 MOPCHKUMHA
BomopocTsamMu — Bif 3,2 g0 3,5 %4 O MMOJNB/KT BiANOBINHO. AHAJIOTIYHA 3aJCKHICTH
YCTaHOBJIEHA ITil Yac BUBYEHHSI TiAPOII3Y JKUPY: BCI BHIM MOPCHKHX BOAOPOCTEH BIBidi
YIIOBUIBHIOIOTH TIPOIIECH HAKOIMYEHHS BUIBHUX )KUPHUX KUCIOT. MOXKHA MIPHUITYCTHTH, 11O
CIIOCTEpEe)XyBaHUI HaMH e(peKT 0OYMOBIIEHUH HAsIBHICTIO B MOPCHKHX BOZOPOCTSX CEJIeHY,
MirMeHTiB, 0i0()IaBOHOI/IB, a TakoXK (HPOPMYBAHHIM MOJiCAXaPHIHO-JIITIIHUX KOMILUIEKCIB
Ha MOBEPXHI HAHO3EPEH, SKi 3aXHIIAI0Th XKHUPOBY (a3y BiJl OKUCICHHS 1 TiApOIi3y.

BucHoBku. 30arayeHHs BEpUIKOBOI'O Macja MOPCHKMMH BOIOPOCTSIMH YIIOBUIEHIOE
TIOTIPILIEHHS] OPTaHOJENTHYHUX TOKA3HUKIB, @ TAaKOX IIPOLECH OKUCIEHHS H TiJpomi3y
YKHPY MiJ] 4yac 30epiraHHs sk 3a IUIF0COBOI, TaK 1 MiHYCOBOI TeMIIEpaTypH.

KarouoBi cioBa: egepwku, macno, aaminapis, @yKyc, CcnipyaiHa, yucmosipa,
30epieanns.
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Ouinka IKoCTi MOPOIIKY 3 0BOYiB, OTPHMAHHX CHOCO00M 3MIILIAHOT O
Ten10MmiABeIcHHA

Onexkcanapa Hemipida, Okcana Ilerpyma, Okcana Barmreka, Auapiii ['apurn
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Po3mmpeHHst acOpTHMEHTY MPOAYKTIB MEepepoOKH III000BOYEBOI MPOIYKIIT
3a paxyHOK 30UTBIIEHHS] YaCTKH 1 PI3HOMaHITHOCTI aCOPTHMEHTY CYIIEHUX IUIOIB 1 OBOUiB
Ha ChOTOJIHI € JOUIBHUM 1 IEPCHEKTUBHHM.

Marepian i meromm. [ mocmipkeHHS BHKOPHCTOBYBABCSI — ITOPOIIOK 13 KaITyCTH,
OTPMMAHOI BHCYIIYBAaHHSM 13 3MillIaHUM TerutomiaseaeHHsM. CTPYKTYpHI 1 perigpaTaiiiiai
BJIACTHBOCTI TIOPOIIKY 3 KaIlyCTH BHBYaINCh 3 BHUKOpUCTaHHsAM ontuuHoro (MBI-15)
MIKpOCKOTIa 3 «IPOCBIYyBaHHIMY» CBITIIOM, nepuBatorpada Pauli-Erden Q-1500D ta
npwiany JlorajkiHa, IO MpaIfoe 3a MPUHIMIIOM CIONY4yBaHHX cyauH. Ilix yac aHamizy
i30TepM aJIcopOIIii MapiB BOAM OBOYECBUX IOPOIIKIB BCTAHOBJICHO, IO AociiaHi 3pa3ku 3TII-
CYIIIIHHSA 32 aICOPOIIIHHOI0 CTPYKTYPOIO OTHAKOBI.

Pe3yabrati i odroBopennsi. [Toponiok 3 KamycT, OTpUMaHHN CIIOCOOOM 3MIIIAHOT'O
tertomiaseacHus (3TII-cymrinns), 3a Temmeparyp mpoiecy 50 Ta 70°C, mo oOpaHO sK
YMOBHO «TpaHH4Hi», JOCIIPKEHO Ha PO3MIpH IOp 3a JOMOMOT0I0 YCTaHOBKM Mak-beHa.

AwHani3 3HIMKIB MIKPOCTPYKTYpH BiJHOBJIEHMX YAaCTHHOK IIOPOUIKY 3 KaIllyCTH Ja€
3MOr'y KOHCTaTyBaTH, LIO0 Ha IPOIEC perigpaTanii BIUIMBAalOTH BUJA 1 TeMIeparypa
cepemoBuina. Tak, Ha TPEACTABJICHHUX 3HIMKaX MIKPOCTPYKTYpH BHIHO, IO 3a
temriepatypu 20 °C y pi3HHX CepelOBHIAX Ha ITOBEPXHI KJIITHH TKaHMH OBOYA MIiX
CKJIaJIOBUMU KOMIIOHEHTaMH TMOPOIIKY Ta MOJIEKYJaMH BOAU (OPMYIOThCS COJNBBATHI
KOMILIEKCH 1 Ha 3HIMKaX J00pe BUIHO Iap ajcopOiiHO 3B’ 13aHOT BOJIOTH.

BusHaueHo KoedimieHT BOAOIOINIMHAHHS TOPOMIKIB 3 KaIycTH, KabaykiB 1
TOMIHAMOYpy B 00paHMX MOJSIPHUX CepenoBUINaX. Pe3yiapTaTH TOCTiKeHb BKA3yIOTh, 1110
BukopuctanHs ~ Meroay 3TII-cymrinus  crpusie  (opMyBaHHIO  perifparaiiiiHux
BJIACTUBOCTEH MOPOINKY 3 KalyCTH, IO BIiAPI3HAOTHCI B 1,5 pa3sa OUIBINOI 3JaTHICTIO
3B’s13yBaTH BOJIOT'Y ITOPIBHSHO 3 KOHBEKTHBHUM CYIIiHHSM.

BucHoBku. OTpyMaHO TOpPOLIOK 3 KamyCTH METOJOM CYIIIHHS 31 3MilllaHHUM
TeruioBiBeaeHHIM 3a Temrepatyp 50 ta 70 °C. binbma B 1,5 pa3a noBepxHst aacopOuii
nopomky 3 kamyctu (70 °C) 103BOJISIE KOHCTATyBaTH, IO MOTJIMHAHHS BOJIOTH Y JAHOTO
3pasKa [opoIIKy Oy/ie, BiIOBiIHO, OLIBIINM.

KirouoBi ciioBa: sikicms, nopowiok, 06oui, peciopamayisi, MiKpoCmpyKmypd.

BrniuB excTpyayBaHHsS Ha MiKpP0OioI0riyHi MOKa3HUKHM KOPMOBHX cyMilneii

Tersna Tpaxkano, Oxer [llanoanenko, TersHa SAnrok, Auapiit [lapan
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. 3 Meroro BH3HAYeHHS SIKOCTI KOPMOBHUX CyMiIlIEH, IO MICTSATh JUISTHHNA
€KCTPaKT Ha OCHOBI CHPOBAaTKH, JOCITI/XKEHO MIKpOOIOJOTiuHI ITOKa3HUKA KOPMOBHUX
CYMIIIICH TICIIA SKCTPYyBaHHS PI3HOTO PEIENTYPHOTO CKIAIy ITiJT 4ac 30epiraHHs.

Marepianu i meroam. J[locmimkyBamucs KOPMOBI CyMiln i3 3epHa MIIEHUII],
KYKYPYI3U Ta JUITHOT'O €KCTPAKTy Ha OCHOBI CHUPOBATKH y Pi3HIHM BiJICOTKOBIN KiJBKOCTI.
JInsHMI eKCTpakT OTPUMYBalIM ULIIXOM EKCTpakiii B MyJibCalliiHUX IUCIEpraTtopax 3
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aKTUBHOIO miadparmoro. CyMilll 3MIllTyBaIM W eKCTpymyBaiu 3a temneparypu 110-120 °C,
Tucky 2—4 MIla, 110 103BOIIsIE Maiike MMOBHICTIO 11 3HE3apa3UTH.

JocmimpKyBann 3MiHYy MiIKpOOIOJIOTiYHMX TOKa3HHKIB KOPMOBUX CyMimIeidl mija uac
30epiranns. JlocmigHi 3pa3Ky MOMIlIANd B TKaHUHHI MINIKH 1 30epiranu BIPOAOBXK 2
MicsriB 3a Temnepatypu 0 °C (xonoawinbHEK), +20 °C, (TepMocTar) i BiTHOCHIH BOJIOTrOCTI
nioBitpst 45%.

PesyabraTtu i obroBopenHsi. Bosoricte 3epHOBHX cyMimiel /0 €KCTpYyJIyBaHHS B
3paskax 3HaxoawiIach B Mexax 16,8 — 17,6%, micist excrpyaysanus Bing 13,3 mo 13,5%,
MPOTATOM TEPMiHY 30epiraHHs He 3MiHIOBayiach. 3a Temmepatypu + 20 °C 1 BigHOCHIH
BoJiorocti TOBITps 45% BoJOriCTh 3pa3KiB 3MIHIOETBCS B TIpoleci 30epiraHHs Bix
13,3...13,5% mo 15,3...16,1%.

3MiHa BOJIOTOCTI CKCTPYJOBAHMX KOPMOBHX CYMIIIeH 3HAYHOIO MipOIO 3aJISKUTh Bij
TeMmepaTypu 30epiraHHs, a He BiJl KiJIBKOCTI BBEICHOIO JUISHOTO €KCTPAaKTy Ha OCHOBI
CHPOBATKH J0 CKJIaJly CyMIili.

Ha moyartky Ta B KiHIIi 30epiraHHsl eKCTPYJIOBaHUX KOPMOBUX CyMillleld XapaKTepHHI
JIOCUTh HU3BKHI piBeHb MikpoOiosnoriyHoro obcimeHiHHa. He Oynu BHSBIEHI Taki Tpynu
MIKpoOpraHiamiB, sk ©Oakrepii rpynu kumkoBoi mnanwukd (BI'KII), mnarorensi
MIKpOOpraHi3Mu. 3arajbHa KUIBKICTH Me30(iIbHUX aepoOHMX 1 (haKyIbTaTUBHO
aHaepoOHMX MikpoopraHizamiB (MA®AM) y Bcix 3pa3kax cymilieil 3HaAXOOUTHCS B
JOMYCTUMHX Meskax (He Oibire 5-10° KYO/T).

AmHani3 KoJoHii Me30(iIbHUX aepoOHHUX MIKpOOPTaHi3MiB Ha M SICOIIENTUHHOMY arapi
BUSIBUB, III0 BOHU XapaKTEPU3YIOThCSl BETMKUMHU, MAJTUMH 1 CEPEAHIMU pO3MipamMHu, OUTHM i
YKOBTHM 3a0apBJICHHSIM, PIBHUMU 1 HepiBHUMU KpasiMu. OCHOBHA 4aCTHHA MiKPOOPTaHi3MiB
- [e KOKOBi OakTepii, KJIITHHHM SKHUX PO3MIIIYIOThCS MOOJMHOKO a00 CKYITYEHHSIMHU.
OcHoBHUMH MoOp(doTUIIaMu OakTepili, BUAIIEHUX 13 KOPMOBUX EKCTpyHaTiB, € aepoOHi
Oakrepii.

BucHoBok. PekoMeHayeTbCsI  BHKOPUCTOBYBAaTH  IIPOLIEC  EKCTPYAYBaHHS  SIK
eQeKTUBHMI CrOCiO MiIBUILEHHS CaHITAPHOI SIKOCTI €KCTPYJOBaHHX KOPMOBHX CYMillIeH,
OCKIJIbKH BiH JI03BOJISIE OTPUMATU Mai)ke CTEPHIILHUI MTPOTYKT.

KirouoBi ciioBa: xopm, 1bow, ekcmpaxkm, Mikpo0ionoeis, Koxu.

3MiHu MiIKpPOHYTpPi€HTHOrO cKJIaxy OioopTHdikoBaHNX 0BOUIB mix Yac
3aMOpPOKYBaHHS i 30epiranns

I'puropiii leitanuaenko’, Onbra KO iuena’
1 — Xapxiscokuil OepoicasHuil yHieepcumem xapuyeanHs ma mopeieni, Xapxie, Ykpaina
2 — Buwuii naguanvhuti 3axkiad Yrooncninku “Ionmascokuil yHisepcumem eKoOHOMIKU |
mopeieni”, Ilonmasa, Ykpaina

Beryn. [locmimkeHo 3MiHM MIKPOHYTPIEHTHOrO cKiany 0iopopTH(hikoBaHUX HIIIXOM
3acTocyBaHHs 00prBa “PiBepM’ 0BOUIB iJ Yac 3aMOpPOXKYBAHHS 1 30epiraHHsl.

Marepianu i MeToqu. Matepianu — CBiXi 1 3aMOpOXKeHI 3pa3ku 010popTH(hHIKOBAHOTO
MepIo COJOAKOro i rapOy3iB. [lyisi BH3HA4YEHHS BMICTY MIKPOHYTPIE€HTIB BHUKOPHUCTAHO
MeTOaM  iHBepCiiiHOi  BombTammepomerpii, piguHHOI  xpoMmaTorpadii, a  Takox
KOJIODUMETPUYHHH 1 THTPOMETPUYHHUHA METOIH.

PesyabraTu i 06roBopenHs. 3pazku 0iohopTr(hikoBaHUX ILIOAIB MEPLIO i rapOy3iB €
OUTBII I[IHHUMU 3a BMicTOM 3aiiza (Ha 7,4—14,6%), muaky (Ha 2,7-6,7%), mini (Ha 2,1—
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6,6%), BiTaminiB B, (1a 20,9-44,7%), B, (na 18-34,3%), C (1a 28-29%), kapoTuHOiniB (Ha
11,6-22,8%) NOPiBHSHO 3 KOHTPOJIEM.

3MCHIIICHHS KIJIBKOCTI 3ajli3a B 3aMOpOXKEHHX 0i0(opTH(ikOBaHHX OBOYaX 3a 6
MicsAIiB 30epiranHsa cknamae 4,5-5,4%, migi — 2,6-2,7%, muaky — 2,1-2,3%. 3a uac
3aMOpOoKyBaHHs 1 30epiranus 6iodoprudikoBani rapOy3u copty ONENKiBCbKUI BTpaTHIN
22,4% Bitaminy C (kouTpoib — 36,9%), 15,7% xaporunoinis (koHtpons — 23,7%), 15%
BiTaminy B; (xoHTpoms — 32,4%), 13,8% Bitaminy B, (koHTpoms — 26,2%). IIporsarom
30epiraHHs 3aMOPOXKEHOro 010popT(HIKOBAHOTO MEPIFO COJOAKOr0 COPTY 30JI0TO CKidiB
TEX BiIOYIIOCS 3MEHIIEHHs BMICTy BiTaMmiHiB: Bitaminy B, — Ha 13,8% (koHTponms — Ha
14,9%), Bitaminy B; — Ha 12,8% (xonTpons — nHa 14,1%), Bitaminy C — Ha 12,7%
(xonTpons — Ha 13,2%), kaporuHOiniB — Ha 5,3% (xoHTpons — Ha 6,0%). HaiiGinbury
KUIBKICTh BITAMIiHIB JOCTIMHI 3pa3kd OBOYIB BTPATHIM O€3MOCEPEIHBO I  Yac
3aMOpOKyBaHHSA. KOHTPONIBHI 3pa3Ky 3aMOPOXKEHHX OBOYIB Ha BCIX eTamax JOCHiKCHHS
MICTHJI Y CBOEMY CKJIa/Ii MEHIIY KiJIbKICTh MIKpOEJIEMEHTIB 1 BITaMiHIB.

BucnoBku. 3amopoxxyBaHHs 1 30epiranHs OiodopTH(hikoBaHMX (BHPOLIEHUX 13
3aCTOCYBaHHSIM OpraHiyHoro aoopusa “PiBepm”) mioniB nepio i rapOy3iB NpU3BOISTE 10
3HW)KEHHS! B HUX BMICTY MIKPOHYTpI€HTIB, aie Iii 3MiHM BiZ0OyBaIOThCSl HE TaK IHTEHCHBHO,
SK y KOHTPOJBHHUX 3pa3kax. HaiiOinpimi BTpaTd BiTaMiHIB NPUIIAJAIOTh Ha IPOIEC
3aMOpPOXKYBaHHSI.

KarouoBi caoBa: samopooicysanns, mikpowympicum, 6ioghopmudbikayis, 0604,
Pigepm.

IMoxa3HMKH AKOCTi KOHIUTEPCHLKUX HanmiBGaOpuUKATIB 3 MOPOIIKOM i3 0aHaHY Ta
MOPKBH

Mapis Snunk, Onexcannpa Hemipiu
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IIpoBeneHO AOCITIKEHHS TEXHOJIOTIYHUX BIACTHBOCTEH IMOPOIIKIB 3 MOPKBH 1
0aHaHy, OTPUMAHUX XOJOAHUM PO3MIIIOBAILHUM CYIIIHHSM, 3 METOIO BU3HAYEHHS BIUIMBY
POCITMHHOI CHPOBUHHM Ha MOKA3HUKH SIKOCTI KOHIUTEPCHKOro HariBhaOpukaTy.

Marepianu i MeTonu. Bu3HayeHHsS IUCTIEPCHOCTI POCIMHHUX MOPOIIKIB MPOBOININ
LUISIXOM MiJIPaXxyHKY PO3MipiB YaCTHHOK MOPOIIKIB 33 JIOIIOMOT'OI0 OKYJISIp-MiKpoMeTpa i
ONTUYHOrO MiKpockomna 3i 30umbmieHHIM y 400 paziB. JlocmimkeHHs (i3UKO-XiMIYHHX
MOKA3HUKH SIKOCTI OTPUMAHUX HamiB(paOpHKATIiB BU3HAYAIM 32 JOIIOMOIOI0 CTaHAAPTHUX
METOJIHK.

Pesyabratn i o0roBopeHHsl. Bu3HAa4YeHHS IUCIIEPCHOCTI POCIMHHUX MOPOIIKIB
MiKPOCKOIIIYHUM METOJIOM IOKa3aJio, [0 HAHOUIBIIHMIA 00CAT YaCTOYOK Y JOCIHIHKYBAaHUX
3paskax mpeicTaBicHUil ¢pakimiero 10 20 MKM, JaHa (pakiis y MOpomKy 3 OaHaHY
MicTuTbest B 00cs3i 81%, mopkBu — 78 %. ToOTO 4acTHHKHM B TOTOBOMY BUPOOi HE OyIyTh
BiJJ4yBaTHCh OPTaHOJIETITHYHO.

[Nopomiok 3 OGaHaHy € TOMOreHHMM 3a JPiOHUMH (PaKIisIMH YacTOYOK, MPECTaBICHUH
YacTOYKaMH KyIernoaioHoi (hopMu, OAHOPITHUIT 32 BCIEIO MacOIO.

Haiikparie yrpumye sxup moporrok 3 6anany (0,92 mi/r), skuii, HaBIAK{, Ma€ MEHITY
BOJIOT03B’SI3yBaJIbHY 31aTHICTH (6,33%). AHalOriuHa 3BOPOTHA TEHICHIIIS BHUSABIAETHCA 1
JUTSL IOPOIIKY 3 MOPKBU: 32 OUIBIINX BOJOMOIIMHAHHS 1 Bojoroyrpumanss (6,93%) nanuit
MTOPOIIIOK MA€ MEHIIIC 3HAUCHHSI KUPOYTPUMYBaIbHOI 31aTHOCTI (0,89 Mir/T).
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[lix uwac BU3HA4YeHHs BIUIUBY OOpAaHUX [O3YBaHb [OCIIPKyBaHHX MOpPOILIKIB Ha
OpraHoOJIENTUYHI BIACTUBOCTI KOHIUTEPCHKOTrO HamiBhaOprKaTy K HAHOIIbII palioHaabHe
O0yri0 00paHO J03yBaHHS IOPOIIKY 3 MOPKBU — 5% Ta mopomiky 3 OaHany — 18% 1o
penenTypHoi MacH, IO J03BOJISIE OTPUMATH KOHAMTEPCHKHH HamiB)paOpUKAT 3 BHCOKUMHU
CMaKOBHUMH BIIACTUBOCTSIMH, a CaMe: OJHOPIJHOI CTPYKTYpH, IUIACTHYHOI KOHCHCTEHI, 31
CMaKOM 1 3aIlaxoM, IO MPUTaMaHHI TAHOMY (PYKTY.

MacoBa uacTka BOJIOTM KOHIUTEPCHKOro HamiB(paOpukary 3 MOpOIIKOM MOpPKBH
cTaHoBuTh 12,2%, 3 mopomkoM 3 Ganany — 11,6% . MacoBa gacrtka xupy - 25% ta 18 %
BiJMOBiIHO. BMICT peayKkylounx peyoBUH B OTpUMaHHX HamiB(adpukarax ckianae 4,4% ta
4,2%. Po3mip kpucraniB ocHOBHOI ¢paxuii cTaHoBUTH 10—15 MKM.

BucHoBku. 3a pe3ynbpraTaMu JIOCIHIIPKEHh MOXKHA PEKOMEHIYBATH BHKOPHUCTAHHS
JPiOHOMUCIIEPCHUX POCIUHHUX TOPOIIKIB Y KOHIUTEPCHKOMY BHUPOOHHIITBI 3 METOO
ITiIBUIIEHHS Xap4YOBOI IIIHHOCTI Ta PO3MIMPEHHSI aCOPTUMEHTY T'OTOBOI IPOAYKIIi.

KarouoBi ciioBa: naniegpabpuxam, nopouiox, skicms, KOHOUMEPCbK aupodu, Oauan,
Mopksa.

Buxopuctanus ¢pepMeHTIB 11 BUWIyYeHHs pPilaKkoBoi 0JIii MeTO0M NpecyBaHHS

Anpona Yepcra, Anacracis Jlactoserpka, Tamapa Hocenko, Tamapa Koporok
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. [lns BuirydeHHs JimigiB, siki 30epiraroThCs B 3aMKHEHIW CTPYKTYpi HaCiHHS,
HEeoOXiTHO OAONIATH Kijibka Oap'epiB. BukoprcTaHHs TigpoiTHYHUX (DEPMEHTIB, TAKHUX K
LIeJTI0J1a3a, TeMilleNioia3a, MEeKTHH a3a, MiABUIILYE MPOHUKHICTh TaKOI CTPYKTYPH.

Marepianu i wmeromm. Jlnsg  [JOCHIPKEHHS BUKOPHCTAaHO HACIHHA — pilaxy
HU3BKOTJIFOKO3WHONATHUX copTiB. Jlnst monepenuboi ¢epMeHTaTHBHOI 0OpOOKH 00paHO
(hepMeHTHI TpenapaTd 3 Po3MIMpeHUM criekTpoM aii: Protolad (mpoteasa, 70 on/r, Ex3um,
VYkpaina) i Celulad (uemmronasa, 300 o/, Ex3uM, Ykpaina). J{jst OliHKH SKOCTI 0fiepKaHol
OJ1il BUKOPHCTAJIM METOAM BHU3HAYEHHS HOJHOrO, KHCIOTHOTO Ta HEPOKCHIHOTO YHCEN.
EdexruBnicth i1 (epMeHTHHX mpenapariB OLIHIOBAJIM METOJOM MOMEHTaJIBHOI'O
300BTYBaHHS, a TAKOXX 32 3aJIMIIKOBOIO KUTBKICTIO OJIiT B MaKyci.

Pesyabratn i oOroBopennsi. Haiikpamii pesynabratu Oyiau OTpUMaHi B 3paskax
HaCiHHs pinaky, siki mamu BMmicT Bomorm 4 %. @DepmeHtatnBHa 00poOKa OJiHOIO
MaTepiajy MpOTArOM ABOX T'OAMH € JOCTaTHHOIO YMOBOIO ISl 3MEHIICHHS 3aJMIIKOBOI
onifiHOCTI MakyxH 3 24,4 % 1o 9,4 %. Kinekicts hepmenTHOro npemnapary 0,4 % 10 Macu
HACiHHS € ONTHMAJIFHUM 3HaueHHsIM. PepMeHTaTHBHA 00pOOKa B TEXHOJIOTIT IIPECyBaHHS €
Iyxe eQEKTHBHUM CIOCOOOM 30LTBbIICHHS KUTBKICHOTO BuXOmy omil. Di3uko-XiMidHi
TIOKA3HUKH 3pa3Ka ouii micist (hepMEeHTaTUBHOI OOpPOOKH IOPIBHSUIN i3 3pa3koM IPECcOBOI
pinakoBoi omii. Pe3ynbraTy BiANOBiZar0OTh BUMOraM HOPMAaTHUBHOI JOKyMeHTallii. AHai3
CKJIaly JKUPHHMX KHCJIOT 3pa3Ka pilakoBoi oii micis (GepMeHTaTHBHOI OOpOOKH IOKa3aB
301JIBLIIEHHS JITHOJIEBOI 1 0JIETHOBOIT KUCIOT (0:113b6K0 3%) 1 JIiHONIEHOBOI — Oi1bIT HiXK Ha 1%
TIOPIiBHSHO 3 KOHTpOJIEeM. BMiCT 1HIIMX KUPHHUX KUCIIOT Y 3pa3kax pilakoBoi OJlii iCTOTHUX
BiMiHHOCTEll He MaB. Po3paxoBaHO piBHSHHS perpecii IUis 3alIe)KHOCTI BUXOAY OMii Bij
KOHLIEHTpalii (epMeHTy, BMICTy BOJIOTH B Marepiani Iepel MpecyBaHHSAM 1 YacoM
TipoJTizy Ha OCHOBI €KCHEPHUMEHTAIBHUX JaHUX. 301IbIICHHS KiJIbKOCTI BHIIY4EHOI OIii 3
PINaKOBOTO HACIHHS, SKE IMiIaBaIOCs TONEpeaHild (hepMeHTaTHBHIA 00pOoOITi, ITOKA3Ye, 0
(epMEHTaTUBHUI TiIPOII3 € Ayke ehEeKTHBHUM METOJIOM ITONIEPEaHbOI 00pOOKH MaTepiay
nepen npecyBaHHsAM. JlogaBaHHS (epMeHTY NMPOBOJAMTHCS y BOJHOMY po3unHi. Bucoka
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BOJIOTICTh HACIHHSI IMiJ] 4ac OOpOOKH € HECHPHUSATIMBUM (PaKTOPOM 3 €KOHOMIYHOI TOUKH
30Dy, TOMY [0 HACTYITHAM €TarioM 0OpOOKHU € BHCYIITYBaHHS.

BucnoBkn. OCHOBHMMH 3aBIaHHSIMH JIOCHI/DKEHHS 3aJMIIAETHCS YIOCKOHAJICHHS
METOAY MOIepeIHbOI 00pOOKH HACIHHA PiMaKy, a caMe: 3MEHIICHHS BOJIOTOCTI HACIHHS B
npotieci (pepMEHTAaTUBHOT'O TiIPOITi3Y.

KurouoBi ciioBa: pinak, pepmenm, npecysanns, onis.

YaockoHaJIeHHS TeXHOJIOTil MAKaAPOHHMX BHPOOiB, 30arayeHUX YOPHHIIEI0

Tersana IomixoBa, Oxcana badbuu
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

Beryn. JlocmipkeHO BUKOPUCTaHHS YOPHHUII Yy TEXHOJIOTIT MakapoOHHHX BHpPOOIB 3
XJ1I0OMeKapchbKoro OOpoOIIHa, 10 € aKTYaJbHUM IS IOJIMIIEHHS XapyoBOi LIHHOCTI W
YIOCKOHAJIEHHSI aCOPTUMEHTY MaKapOHHHUX BUPOOIB.

Marepianu i MeTomu. JlocitipkeHO MakapoOHHI BUPOOH 3 XJTi0OIIEKapChKOro OOPOIITHA,
MOPOIIOK YOPHHUII, OTPUMAaHHKA MOAPiIOHEHHSAM BHCYIIEHOI YOpHHMIL. SIKiCTh MaKapOHHHX
BUPOOIB OIIHIOBAIN 32 KOMIUIEKCHUM ITOKAa3HUKOM, IO BKJIIOYAE MOKa3HUKH BapUIBHUX
BJIACTHBOCTEH, OpraHojenTH4Hi, (i3uKo-XiMiuHI ¥ Xap4yoBy miHHICTb. CTpyKTypHO-
MeXaHiuHI BJIACTHBOCTI TicTa owuiHIOBagM Ha (apunHorpadi bpabennepa. Onrtumanbai
TEXHOJIOTI4HI ITapaMeTpH BCTAHOBJIIOBaJIM MeToaoM bokca-Yincona.

Pe3yabraTu i o0roBopennsi. MakapoHHi BUpOOU 3 BHECEHHSM YOPHHUYHOTO TTOPOIIKY
B KitbkocTi 5 — 10 % 10 macu OoporirHa HaOyBarOTh (Hi0JIETOBOTO KOJIBOPY, IOMIMIITYIOTHCSI
iX BapwibHI BIIACTHBOCTI. 3pOCTaHHS JO3yBaHHA 10 15 % NPU3BOAUTH JO IMiIBUIICHHS
KHCJIOTHOCTI Ta 3HMKCHHS MIITHOCTI BUpoOiB Ha 30 %. YopHUYHMI MOPOIIOK 3YMOBIIIOE
3HW)KEHHSI BMICTY KJIEWKOBMHHM Ta ii rifparariinoi 3matHocti. lle moB’s3aHo TuM, 110
KOMITOHEHTH YOpHHIII BUSBISIIOTH JETiApaTyBaJbHUN BIUIMB y MaKapOHHOMY TICTi i
MepeNIKOPKAIOTh OiononmiMepaM MIIEHHYHOro OOpollHa yTBOPIOBAaTH TicTo. [Ipu mpomy
KJICHKOBUHA BUSBJISAE OUIBII TPYXKHI BJIACTHBOCTI. UOpPHHYHMI ITOPOIIOK 3a0e3medye
YTBOPEHHSI  JPIOHOKPUXTYBaTOro  TicTa, IO 3YMOBIIOE II€BHE IPHCKOPEHHS
BUIIPECOBYBaHHSI BHPOOiIB. BCTaHOBIEHI ONTHMaNbHI TEXHOJIOTIYHI MapameTpu IS
MPUTOTYBaHHS MaKapoOHHHX BHPOOIB 3 YOPHUYHUM IIOPOIIKOM: JIO3YBaHHS TOPOIIKY
yopHui — 4 % 10 Macu OOpOIIHA, TeMIlepaTypa BOIU Ul MPUroTyBaHHs Ticta — 37 °C.
Taxke nozyBanHs 3a0e3neuye 30aradeHHs Bupo0OiB BitaminoM C y kimbkocTi 2,3 Mr/100 T (y
pa3i crnoxmBanHsg 100 © MakapoHHHUX BHUpOOIB JeHHa NOTpeba B LbOMY BiTaMiHi
3a0e3meuyethes Ha 2,6 %).

BucnHoBku. Pe3ynbpraTu 10CITiIKEHb PEKOMEHIYIOTHCS U1l PO3LIMPEHHS ACOPTUMEHTY
MaKapOHHUX BHPOOIB, JUIs TIETUYHOTO, BET€TapiaHCHKOIr0, AUTSIYOTO XapuyBaHHs, a TaKOX
y pasi nepepoOsieHHs OOPOIIIHA, 3aTHOIO 0 TIOTEMHIHHS.

Kunro4doBi ciioBa: maxaponu, yoprnuys, Axicms, 30a2aueHns.
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Mpouecu i o6nagHaHHA Xxap4yoBUX BUPOGHULTB
CywmiHHsA KOMIO3MUIiiHOI (piToeCTPOreHHOI CHPOBMHHU

Xanna IerpoBa, IOpiii Cuexkin, Karepuna CriodoasHiok
Tnuemumym mexniunoi mennogpizuxu HAH Yxpainu, Kuis, Yrpaina

BceTyn. ®itoecTporeHHi KOMITO3UINIT 32 CBOIM BMICTOM KOMIIOHCHTIB BiJpi3HAIOTHCS
BiJl MOHOCHPOBHHH BUCOKHM BMIiCTOM OiJIKa Ta HasBHICTIO 3HAYHOTO BiJICOTKa mimiaiB. Ilix
Yyac nepepoOKH JOIIBHO PO3POOUTH PEXUMH ITIATOTOBKU COI 3 TOBHOIO 1HAKTHBALIEO
aHTUXapYOBUX KOMIIOHEHTIB 1 CYIIIHHA 3 MAaKCUMaJbHUM 30epeKeHHSIM O010JI0ridHO
aKTHBHUX PEYOBHH.

Marepianu i merogu. [[ns1 npoBeAeHHS TOCHTIPKEHb BUKOPHCTOBYBAIN COIO, pINaK,
CTPY)KKY MOpPKBH, IOy, rapOy3a, CTOJIOBOro Oypsika Ta (YHKIIOHAJIbHI KOMITO3HUINT 3
HUX. 3aCTOCOBYBajJM EKCIEpUMEHTaJIbHI METOAM 3 BUKOPHCTaHHIM CYYacHHX 3aco0iB
BUMIpIOBaHHS MapaMeTpiB CYIIiHHS: Yacy MPOBEAEHHS JOCIiay, TEMIEPATypy TEIUIOHOCIS
Ta 3MEHIIEHHS Macu Marepiamy. s OWIHKK SKOCTI (YHKIIOHAJIBHUX MPOIYKTIB
BUKOPHCTaHI CTaHIAPTHI METOJH JOCII/IXKEHb 13 32aCTOCYBaHHSAM METOMIB CHEKTPOCKOITIi.

PesyabraTu i odroBopennsi. Po3poOieHa miaroroBka coi, 3a skoi Maike MOBHICTIO
IHAKTHBYETHCS 1HTIOITOP TPHUIICHHY — 3aiHIIaeThest 4%, TOOTO Cinigu B MeXax IMOXHOKH, Ta
T IBUIIYETHCSL IEPETPABIIIOBaHICTh Olika 10 25%. BukopucToByBaIncss KOMITO3HUIT: COs —
MOpKBa (00poOsIacs TirpoTepMiyHO) Ta pinmak—MopkBa (0e3 rirporepMidHoi oOpoOKm).
Jlst 3amo0iraHHs OKMCJICHHS JIIMIAIB COi Ta pilaky iX MoemHyBaiw 3 oBodamu. [Iporiec
cymiHHs OiHapHOI CyMillli TPOXOAUTH Y APYromy mepioai. TpuBaicTh CyIIiHHS MaTepiany
B pexumi temoHocis 120 °C 3MeHIIyeTbcs Maibke BJBIYI IOPIBHSHO 3 TPUBAJICTIO
nporecy 3a 70 °C. KucnotHe yucio 30uIbIIyeThes 10 5—8% 3a TeMIiepaTypu MaTepiainy
100 °C. CymiHHS pinakoBO-MOPKBSIHOT CyMillli BiIOYBa€ThCs B MEPiOJIi ClIaIHOI HIBUAKOCTI
CYIIIHHS 3 MOIepeNHIM MporpiBaHHsAM Martepiany. B pexwumi cyminns t = 70 °C; V = 3,5
M/c; 6 = 10 MM MakcUMaiabHa IIBHAKICTH CymniHHS ckiaagae 11,5%/xB. Kinnesa
Temnepatypa cymimm 78 °C. [ 3amo0iraHHs MeNlaiquHOBIH peakilii, sika BiIOyBaeThCs B
TpoLIeCi CYIIiHHS O1IKOBOBMICHOI CHPOBHHH 3 BUCOKMM BMICTOM BYIJIEBOIB, BU3HAYECHHN
MaKcHMaJbHUI TeMieparypuuii mopir 60—70 °C. 3i 3pocTaHHIM TeMIlepaTypH TEILTOHOCIS
301bLIyeThCsl KUCTIOTHE unciio (3a Temneparypu 70 °C 1o kputayaoro pius 4,2 — 4,5%, a
3a Temneparypi 100 °C 3pocrae 10 HeNpUHHATHUX 3HaueHb 9 — 11%).

BucnoBok. CTBOpeHi pOCIMHHI KOMITO3HIII1, Y IKHX MaKCHMAJIbHO 30epexeHi OCHOBHI
Xap4oBi KOMITOHEHTH. P03po0iyieHi peXMMH IATOTOBKU COi Ta pilaKky A0 CYIIHHS 3i
CTBOPEHHSIM KOMITO3UILINA. Y  pe3ynbraTi JOCHi/UKeHb BIepuie Oyiau OTpuUMaHi
(iTOECTpOreHHI MPOAYKTH Ha OCHOBI COi Ta OBOUIB, PillaKy i OBOYIB.

KurouoBi ciioBa: cos, pinak, pimoecmpoeen, cywinmsi.

3HaveHHS IIBUAKOCTI pi3aHHA NPH NOAPiOHEHHI POCTUHHOI CHPOBHHH
B Xap4oBiii MpoMucJI0BOCTI

Aunina Illeina, Bixrop ['yup
Jloneywvxuti nHayionanvHutl yHisepcumem eKOHOMIKU i mopaieni imeHi
Muxatina Tyean-bapanoecvkoeo, Yipaina
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Beryn. JlocnimkeHo i 0OrpyHTOBaHO BILIMB (hakTopa MIBHAKOCTI pi3aHHS Ha MPYKHI
Ta (PUKIIHHI BIACTUBOCTI POCIMHHOI CHPOBHHH. BCTaHOBIEHO 3aJIEKHICTh 3YCHILIA
pi3zaHHS Bij MIBUAKOCTI pi3aHHs. PallioHaybHI mapaMeTpu Npolecy pi3aHHsS OOIpYHTOBaHi
MOKA3HUKOM SIKOCTI IOIpiOHEHOi CHPOBUHHU.

Martepianu i metogu. [IpyxHi BIacTHBOCTI OBOYIB JOCITIHKYBAIM 338 CTaHIAPTHUMH
METOJMKAMH CTHUCKaHHSM 3pa3ka MDK JBOMa IUIOCKONApajielbHUMH IUIACTUHAMHU.
dikcyBanocs 3ycwiulsi CTHCKaHHs. (DpPUKLiHHI BJIACTUBOCTI BU3HAYaJlM Ha YCTAHOBII
JIMCKOBOTO THITY: MaTepiaj, IO JOCHTiPKYBaBCs, KOHTAKTYBaB 3 00epTaIbHOIO MIOBEPXHEIO
CTaJeBOrO JHCKY, (QIKCYBaJIOCS 3yCHUIA TepTsA. 3yCHUIA pi3aHHsS BU3HAYAIUCS
TEH30METPUYHUM METOJOM TIpH IPOXOKEHHI  IUIACTUHYACTOrO HOXKa dYepe3 Imap
Matepiany. LIBunkicTe pizanHs 3MiHIoBanacs y nianaszoni 0,4 — 2,5 m/c.

Pesynbratn i oOroBopeHHsi. 30iJbIICHHS NIBHIKOCTI pi3aHHS MPU3BOAUTEH JO
3HW)KEHHS TIPOSIBY TPYXXHUX BJIACTHBOCTEH MarepiasliB 3a paxyHOK MOMIMPEHHS Yy Imapi
npyxHux Jgedopmanid. Moayns NpyXHOCTI 3MeHIIyeTbess y 1,2 paza B JiamasoHi
HmIBUAKOCTEH pizaHHA Big 0,4 1o 2,5 m/c.

@OpuKLifHI BIaCTHBOCTI XapaKTePU3YIOThCS KOS(IIIEHTOM TEPTs, SIKHH 3MEHIIYETHCS
y 1,2—1,5 paza 3i 301bIIeHHSM IIBUAKOCTI KoB3aHHs Bix 0,75 no 2,66 M/c. Xapaxrep 3MiHH
LMX BJIACTUBOCTEH 3aJIXKHTh BiJl CTPYKTYpHOI OYyIOBH Marepiaily, BOJOTOBMICTY, SKOCTI
TIOBEPXHi KOHTAKTY, 3yCHJUIS IPUTUCKAHHS T1ap TEPTSL.

3ycwuis pi3aHHS POCIMHHOI CHPOBHHU 3aJIeXkaTh BiJ ii CTPYKTYpHO-MEXaHIUHHX
BJIAaCTHBOCTEH. 30UIBIIEHHS IBUIAKOCTI Pi3aHHs B JOCITIHKYBAaHHX Jialla30HaX MPU3BOIUTH
JI0 1X 3MeHmeHHs y 1,4 — 2 pa3u. BinnoBigHo, Ui 3MEHIIEHHS BIUIMBY IMUTOMHUX 3YCHJIb
pi3aHHS JOIIJIBHO 3aCTOCOBYBATHM BHCOKI IIBHIKOCTI pi3aHHS POCIMHHOI CHPOBHHHU B
OBOUEpI3aJIbHOMY yCTaTKyBaHHI.

3 MEeTOI0 OTpMMaHHs Hapi3aHOl CHPOBHHH BHCOKOI SIKOCTI HEOOXiIHO BPaxoBYyBaTH
BIUIMB IIBHIKOCTI pi3aHHs, TOBIIMHY Hapi3KH, CTPYKTYPHi BJIACTUBOCTI NPOAYKTIB, IO
MOAPIOHIOIOTHCSI.

BucnoBku. 3 ypaxyBaHHSM BIUIMBY (akTopa MIBHIKOCTI Ha 3yCHJUIS pi3aHHS
POCITMHHOI CHUPOBMHH palliOHATbHUMI PEKOMEHJIOBAHUM JIO BIIPOBADKEHHS € Jiana3oH
obOeproBuX mBUAKOCTEH pizanHs Bix 300 go 600 00/xB.

KurouoBi ciioBa: pizanus, osoui, enracmugocmi, weUOKICMb, SAKICTb.

MopneJiroBaHHA NpoLecy 3MilIyBaHHS PiAKol onapu B anaparti 3 pOTOPHUM podo4nM
OpraHoM

IOpiii Jonomaxkin
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. V crarTi 3a JONOMOror0 aHaTiTHYHOTO METOAY OIMCAHO 3MiHY KIHEMaTHYHUX
rapameTpiB 1HTEHCMBHOIO POTOPHOI'O 3MilllyBada MEepioAMyHOl Aii /IS NPHUrOTYBaHHS
piakux HamiBaOpuKaTiB XJiOONMEKapHOI TNPOMHCIOBOCTI Ta BHU3HAYEHO NOTYKHICTB,
HEeOoOX1IHY JUIsi IPUTOTYBAaHHS POAYKTY.

Martepianu i meromam. JlocmipkeHO IIpolleC 3MILTyBaHHS KOMIIOHEHTIB PiJKOl
IIIIEHUYHOI OIapH BOJOTICTIO 65 % 3a JOMOMOIOI0 POTOPHOTO 3MilllyBaya HepiofudHOl
nii. 3a JOMOMOrOI0 aHAJNITHYHOTO METOAy BHM3HAUYEHO KiHEMAaTHU4YHI Ta JUHAMIYHI
rapamMeTpu 3MilllyBaya, 3acCTOCOBYIOUM JIU(EpEHLIHI pPIBHAHHA pPYXy CEpeloBHIIA,
3amucaHi B IWIIHAPHUYHUX KOOPIHMHATAX, 1 HEXTYIOUM KOHBEKTUBHHMHU YJICHAMH Ta
CHJIAaMH TSDKIHHS.
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PesyabraTn i 0o6roBopenns. B craTTi po3po0ieHO aHAJITUYHY MOJEIh POTOPHOIO
3MilllyBaya, a caMme: EHEPreTUYHUI OanaHC ISl BU3HAYEHHS MOTYXXHOCTI HOrO TPHBONY.
3HaliieHa MOTYXXHICTh, sIKa BUTpayaeThcss Ha o0epTaHHS POTOpa B PiAKiH omapi, a Takox
TIOTY)KHICTh, HEOOXi/JIHA Ha IMPOJABIIIOBAHHS PIAKOI OMapu Kpi3h KaHAIHM IMTIHAPHYHOTO
poropa. ITopiBHSHHS IMX ABOX CKJIAIOBUX 3acBimumio, mo 40 % 3arajbHOi MOTY)KHOCTI
BHUTPAYAETHCSA HA 00EPTaHHS pOTOpa B 00’ eMi mpoaykTy i 60 % — Ha HOro mpoJaBIIOBaHHS
CKpi3b KaHAJIU pOTOpAa.

[TopiBHSAHHS BUTPAT MTOTY)KHOCTI BiJl PO3MIpiB POTOpa BKa3ye Ha Te, IIO 3a IIBHIKOCTI
fforo o6epranns 100 cex”’ porop 3 posmipamu 1/3D Butpauae y 3,62 pasa Giiblie eHeprii,
HDK poTop 3 po3mipamu 1/4D, toxi sk porop 1/2D Burpadae Bxke y 8,49 pasza Oinblie
eHeprii 3a porop 3 posmipamu 1/4D. Ilpu 36inbmenHi meuakocti xo 300 cex’ wmi
CITIBBIAHOIIEHHS CKIaaaoTh 4,14 ta 9,28 pasa BianosiaHo. Lle MOSCHIOETbCS THM, IO MPH
301IBIICHHI PO3MIPIB pOTOpa 30IIBIIYETHCSA IUIONIA HOr0 KOHTAKTY 3 OOpOOIIOBAHUM
MIPOYKTOM, IO IIPU3BOAUTH 10 3POCTaHHS OMOPY MPOAYKTY POTOPY, IO 00EpTaETHCS.

AHaNITUYHO BU3HAYEHI IIBUAKOCTI NPOIYKTY B IIOTOLI, KPYTHI MOMEHTH, LIO
BUHMKAIOTh Ha BaJIy pOTOpa, MPOJIYKTHBHICTH 32 TOTOBOT'O IPOAYKTY i HEOOXiJHHUH Hamip
THUCKY 3a 3aJIaHOi POJAYKTHBHOCTI.

AmnaniTrnyHa (opMyna CKIaJOBUX IOTYKHOCTI NPHBOMY JO3BOJISIE aHANI3yBaTh ii
YHCceNbHEe 3HAUYEHHsI 3aJIeKHO BiJl 3MIHU CTPYKTYPHO-MEXaHIYHUX XapaKTEPUCTHK OIapH,
TEOMETPUYHHX PO3MipiB poOOYOro opraHy i Horo KiHeMaTHYHUX XapaKTEPHCTHK.

BucnoBku. HaBeneHo 3aranbHy aHaJNITHYHY MOJENb IIPOLECY 3MILTyBaHHS PiJIKOi
olapu B POTOPHOMY 3MilllyBadi OPHIiHAIBHOI KOHCTPYKLii mepioguynoi mii. [lepeBara
MPOITOHOBAHOI MOJENI TOJNATae B TOMY, IO BOHA BPaxOBYE PEOJIOTIUHI BIACTHUBOCTI
00pOOITIOBAHOTO TIPOYKTY, IO JO3BOJISIE BBAXKATH 1 OLITBII TOYHOIO.

KurouoBi ciioBa: onapa, micmo, smiuy8arnHsi, pomop, Mooesib, NOMYNCHICHb.

MarteMaTH4YHe MOACTIOBAHHS HediHIHHNX (PyHKLiN perpecii Npu HeHTPAJIBLHOMY
KOMIIO3ULiHHOMY IUIAHYBAHHI eKCIIePUMEHTY 3 A0BLTbHOI0 KiNbKIiCTIO (haKkTOpiB

Tetsana 3inyenko, Slna CuBoaoboBa
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Posrisimaetses 3ajaya moOymoBu 0OaratoakTOpHUX HENMiHIHHMX (QyHKOin
perpecii s OBIIBHOI KIIBKOCTI (hakTOpiB 7 13 3aCTOCYBaHHSIM IIEHTPAJIBHOTO
KOMITO3HLIIfHOT0 TuaHyBaHHs ekcriepuMenty (LIKIT).

Marepianu i MmeTonu. BHKOPUCTOBYIOTBCS METOIM MaTE€MaTUYHOI CTATHCTHKH JUIS
3HAXOJDKEHHS 3arajibHOro (10 KiJbKOCTI (DAaKTOpPIB) ajlrOpUTMY PO3PaxyHKy KOe]illi€eHTiB
OaraTodakTOpHUX (GYHKINH perpecii Apyroro MOPSIKY, a TaKOK METON MiHIMaIbHHX
KBajJpaTiB 1 METOAW JIHIHHOI anreOpu 3HAXOMKEHHS PO3B'SA3KIB  CHCTEMH JIHIHHHX
pO3pimKeHnx anreOpaiyHuX pPiBHSHb.

Pesyabratn fmociimkeHHsi. Y OUIbIIOCTI BHUMNAAKIB ISl OOpOOKM pE3yNbTATIB
€KCIIEPUMEHTIB 3aCTOCOBYIOTh OPTOI'OHAJIbHY CXEMY IICHTPAJIBHOIO KOMIO3HIIIHHOIO
TUIAaHYBaHHSl eKCIepUMeHTy. [ KiTbKOCTI (akTopiB m KUIBKICTH JIOCIIAIB ITIOBHOTO
(hakTOPHOTO eKcriepuMeHTy ckiagae 2" . Taka KUTBKICTh JOCIIIIB € HEIOCTATHLOK IS
BHUKOPUCTAHHS HEIHIMHUX Momenell OaratodakrtopHoi perpecii B mHoBHIN (opmi, ToMy
MIPOMOHYETHCS 3acTOCYBaHHs poTtatadenbHoi cxemu LIKII. IIpu 1soMy KUIBKICTh JTOCTIAIB
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0e3 moBTOpeHb ckiamae (2" +2m ). Biiblna KUTBKICTh TOYOK J03BOJISE 3HAWTH OUIBIIY
KUIBKICTh KOe(iIliEHTIB HeNMiHIHHOT (hyHKIIIT perpecii.

[TobynoBa HeniHifiHUX Mojenel 6aratoakTOpHOI perpecii Ui AOBIIBHOI KiBKOCTI
(bakTOpiB BUMarae CTBOPEHHS CIIEIiaIbHUX MaTeMaTHYHUX 3aco0iB. KoedinieHTn QpyHKmin
perpecii 3a METOIOM MiHIMAIBHUX KBaJpaTiB € PO3B’S3KAMH CHCTEMH ajireOpaidyHux
piBHsiHb. [Jlnst po3B’sizaHHsA wi€l 3a7adi OTpUMaHi pEKYpeHTHI Ta mpsaMi (opmyniu
OOYHMCIIEHHs! PO3P1HKEHNX BU3HAYHHKIB CIIELIANILHOTO BUAY 7 — IO MOPSIKY, SIKI CYTTEBO
CHPOUIYIOTh 3HAXOMKEHHS PpO3B’S3KIB CHUCTEM JIHIWHHX pIBHAHb — KOE(]illi€eHTIB
OaraTodakTopHuX QYHKILH perpecii qpyroro mopsaaky. OCHOBHHM Pe3yIbTaTOM € 3arajibHi
(dbopMynu po3paxyHKy Koe]ilieHTiB (YHKIINA perpecii Apyroro mopsuky, ski BpaxoBYIOTh
KUIBKICTh (DaKTOPIB 1 KUIBKICTh JOCII/IB.

BucHoBku. Pe3ynbraTit MaTeMaTHYHOTO MOJIEIIOBaHHS 0araTo)akTOpHUX HENHIHHIX
(GyHKIIH perpecii peKOMEHAYEThCS 3aCTOCOBYBATH B 3aja4ax BU3HAYECHHS PpeElENTYypH
CHPOBUHHM, HANPUKIAMA, JUIS ONTHMi3alil penentyp KOHIUTEPChKUX BHpOOiB. Dopmynn
po3paxyHKy KoedilieHTiB OaraTodakTopHUX (QYHKIH perpecii Apyroro MOpsAKY MOXHA
BUKOPHCTOBYBATH ISl Oy/Ib-sIKOT KUIBKOCTI (DaKTOpIB m 13 3aCTOCYBaHHSM LIEHTPAJIHHOTO
poTaTabenbHOro KOMITO3MLIIHHOTO TUIAHYBaHHS €KCIIEPUMEHTY 3 BiIIOBIIHOIO KUIBKICTIO
JIOCTIiB.

Knro4oBi ciioBa: excnepumenm, gaxmop, mHoxcunna peepecis, Koeiyienm,
BUSHAYUHUK.

be3neka XUTTERIANbHOCTI

Merton miHiMi3amii 10oacbKOro GakTopa B eKCIePTHUX CYIKEHHSIX 3 OHIHKHA
BHUPOOHUYOr0 PU3NKY i NPUHHATTS pillleHb

Oner Kpyxunko, Onsra borimanosa
Hayionanvhuti Hayko80-00CcaiOHull iHcmumym npoMuciogoi be3nexu ma oXxopoHu npayi,
Kuis, Yxpaina

Beryn. Mera gociipkeHHS — 3BECTH 10 MIHIMyMY CYO'€KTHBHICTH EKCIIEPTHOI
METOAONOrii y cdepi yIpaBaiHHI BHPOOHUYMM PH3HKOM IUISXOM BHUKOPUCTAHHS
HEyIepePKeHOI PU3UK-3HAUyIoi iH(pOpMalLlii i TEOPETUYHO OOIPYHTOBAHOTO MPHUUHSTTS
pilleHs.

Marepianu i merogu. IIpoBeneni 6-piuHi CrIOCTEPEKEHHS 38 CHCTEMOIO YIIPABIIiHHS
OXOpOHOIO TIpali TIOTIOHOBOI (abpuku. MomudikoBaHHH METOA MaTpHIli PU3UKIB OyB
YIOCKOHAJIEHUH /10 KOMIIOHEHTHOI'O METOJy OLIHKHM PH3MK-3Hauymioi indopmanii. Meron
0araTOKpUTEpiaJbHOTO aHai3y pillleHh IIOAO0 3HIKCHHA PU3UKY OYB IOCHICHHMA
3aCTOCYBaHHSM KpuTepito ['ypBina s yMOB HEBU3HAUEHOCT!I.

Pe3yabraTu i 06roBopenHs. J{ociiDkeHHsI CUCTEMH YIPABIiHHS O€3MeKH H OXOpPOHH
mpani Ha TIOTIOHOBIM (adpumi (2009-2016 pp.) NpOAEMOHCTPYBANIM DI3HHUIIO MiX
HAMOUIBII TpaBMaTWUYHUMHM YHHHMKAMH, BHU3HAYCHUMHM eKCrepTamu, (30Kpema, s
LIKIJUIMBUX PEYOBHH, B TOMY YHCII ITiJBUIICHUH piBEHb MIYMY i NIy Y poOodiii 30Hi), Ta
(dakTopamu, SKi CHPUYMHWIM HENIACHI BHIAJKA Ha BUPOOHHUUTBI (PyXOMi YacTHHU
obnajHaHHs, NaaiHHSA 3 BUCOTH). Ll pi3HUIS 00yMOBIIeHAa CY0'€KTHBHOIO CKJIaJIOBOIO B
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excrieptHiid ominmi. 1106 3Bectu ii 10 MiHIMyMY, Oyi0 3alpOIIOHOBAHO TaKUil aJrOPUTM
OLIHKU pH3MKYy: l. YpaxyBaHHS O0'€KTMBHOI pU3MK-3HauyIloi iH(opmarlli, HasBHOI Ha
MiMPUEMCTRBI, 10 BKJIIOYAE TOAATKOBO IO PE3YJbTATIB OIIHKH PH3UKY MOAM(DIKOBAHUM
MaTpUYHUM METO/IOM, PEKOMEH[alii 30BHIIIHROIO 1 BHYTPIIIHBOI'O ayAWTiB, JaHi IIONO
MOTEHIIHO HeOe3NeYyHUX BWIIAJKIB, CTATHCTHYHI JaHi TpaBMmarusmy. 2. Irdopmais
3BOJIMTBCS JIO 3arajlbHUX 3HAMEHHMKIB — 18 TpaBMaTHYHMX IOMii, Ta PO3pPaxOBYETHCS
CepeIHIi MACOBUH PO3MOIT PU3UKY 32 PHU3UKAMH BiIIOBIMHUX KOMIIOHEHTIB. 3. Pusuku,
OLIIHEHI SK HENPUHHATHI Ta CepelHi, MOBHHHI YIPaBISATHCS 3a JOIOMOrOI0 iepapxii
3HW)KEHHSI PU3UKY, JUIS [[LOTO CHENialiCTH 3 OXOPOHHU Tpalli TOTYIOTh MacuB 3aXOJIB IS
KOXKHOTO CTyIeHs iepapxii. 4. ExcriepTHa rpyma oOupae 3aX0oau 3a JOIMTOMOT 00 5 KpUTEPiiB
i BaroBux KoeQilieHTiB, Kpurepiii ['ypBilla BHUKOPHUCTOBYETHCS U TIO/IOJIAHHS
HeBH3HaueHOCTi. 5. OOIpyHTOBaHI TaKMM YHMHOM 3aXOJH CTalOTh OCHOBOIO MPOLECY
TUIAaHYBaHHS B CUCTEMI YIIPaBJIiHHS OXOPOHOIO ALl ITiJIPHEMCTBA.

BucHoBkH. PekoMeHIyeThCSI BUKOPUCTOBYBATH YIIOCKOHAJIEHY €KCIIEPTHY CHCTEMY 3
MiHIMI3ali€0 BIUIMBY JIIOACHKOro (hakTopa B CHUCTEMI YIPaBIIHHS OXOPOHOIO Tpali B
XapyoBii 1 TIOTIOHOBIN IPOMHCIIOBOCTI.

KarouoBi caoBa: pusux, Oesneka, scummelisiibhicmy, OYIHKA, cy0'ekmusHicmb,
excnepm.

OuinoBaHHA CTIHKOCTI KOHCTPYKUii BUPOOHUYMX 00’ €KTIB roTeJbHO-PECTOPAHHUX
KOMILIeKCiB

Haranis Bonomuenkosa, Onexcannp Xispuy, Mapraputa JIaGkuHCbKa
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. 3aximazy TroOTeNBbHO-PECTOPAHHOIO TOCHOZApCcTBA 3a CHEIU(IKOI CBOET
IISUTBHOCTI HEe € 00’€KTaMu IiABMIIEHOI HeOe3mekw, aje miJ 4Yac iX (YyHIIOHYBaHHS
MOXXYTh YTBOPIOBATHCS HECIPUATINBI a00 HECTaHAAPTHI CHUTYalii, SIKi CJIiI BIAHECTH IO
HeOe3neynnx. Jlo Takux cuTyaliid BiJHOCATHCS BHOYXM 1 IOXEXi, 1[0 BUHHKAIOTH Y
MpoLeci MiSUTBHOCTI 3aKiiafy 1 MOXYTh BIUTMHYTH Ha BHPOOHWYMH, OOCITyrOBYHOUHIA
nepcoHai Ta/abo Ha BiJBilyBadiB.

Marepianu i meToan. [{is oniHrOBaHHS CTIHKOCTI KOHCTPYKIIH BUPOOHHYHUX 00’ €KTIB
TOTEIBHO-PECTOPAHHOI'O KOMIUIEKCY [0 BIUIMBY HEraTMBHUX (DaKTOpiB OYyIIO MpOBENEHO
JIOCII/DKEHHSI 3 BUKOPHCTaHHSIM METOAY, SIKUM BCTAaHOBIIOE TIOPSAOK PO3PaXyHKY
BEJIMYMHHA HAUTHIIKOBOTO THUCKY, III0 MOXKE CTBOPIOBATHCS IIiJ| 4ac 3TOPSHHS ra3o-napo-
TIOBITPSHUX CyMilllell y BHpOOHMYMX NMPHUMIIIEHHSIX BUINE3TaJaHUX 3aKJIaIiB.

Pesyabratn i o6rosopennsi. /J[ng po3paxyHKy 3Ha4YeHb KpUTepiiB BHOYXO-
MOKEeKOHEOE3MEKH MiJl Yac 3rOpsSHHS ra30-Iapo-MoBITPSHOI cyMill oOMparoTh HAWOUIBII
HECIIPUSTIAMBHAN BapiaHT PO3BUTKY aBapii (aBapiifHOi curyarlii), 3a sIKOro y MpUMIIIEHHS
HAJXOJUTh MaKCUMaJIbHA KUIbKICTh HEOC3TICUHUX PEUOBHH (CyMilIIekt).

KinpKicTh pedoBHH, sIKi MIOTPAILIAIOTH Y MPUMILEHHS 1 MOXKYTh YTBOPIOBATH BUOYXO-
MOKEeKOHEOE3MeUHi ra30-MoBITPsIHI 1 TapO-MTOBITPSIHI CyMilli Ta 1X riOpuan, BU3HAYAETHCS
3a TaKMX YMOB: BiJOYyBa€ThCsl PO3paxyHKOBa aBapis (aBapiiiHa cuUTYyalis) OJHOTO 3
amapariB; BCs KUIBKICTh HeOe3NmeyHol CyMilli, IO MICTHThCS B amapari, HaJIXOOUTh Y
MIPUMIILEHHS; BCSl KUTBKICTh PEYOBHH 3 TPYOOIPOBO/IIB, BPaXOBYIOUH Yac Ha BiJKIIIOYEHHSI.

JlociimKeHHsI METOly PO3paxyHKY HaUTHIIKOBOI'O TUCKY, SIKHH MOXKE YTBOPUTHCS ITi[
Yyac 3TOPSIHHS Ta30-MOBITPSHOI CyMIillli, NPOBOAMIOCS 32 TaKUX YMOB: Yy THIIOBOMY
MPUMIILEHH] 3aK/iagy TOTeJIbHO-PECTOPAHHOTO TOCIIONApCTBA 3 HOPMAJIBHUMH YMOBAaMHU

172 —— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1



—— Abstracts ——

BUPOGHHYOr0 cepeloBHiia (BimbHEM 06’eMoM 200 M’) MpOXOAMTH TPYGOIpOBIiI i3
BHYTpIilIHIM giamerpoM 50 MM, 10 SKOMY TpaHcopTyeThes mponad C;Hg 3 MakcMaibHOO
BUTpaToro 5%107° M’/c i MakcuMambHuUM THCKOM 150 KITa.

Po3paxyHku 3mifiCHIOBaMCSA Ui BUIAAKIB: TPYOOIPORBIJ OCHANICHUH CHCTEMOIO
aBTOMATHUYHOI'O BIJKIIIOYCHHS 3 YacOM CIIPAIIOBaHHA 2 C; IMOBIPHICTh BIIMOBU CHCTEMHU
apromatuku Oumbmie 0,000001 Ha pik 1 aBapiliHe pe3epByBaHHS 1i €JICMEHTIB HeE
3abe3mneueHe, yac BifgkimoueHHs — 120 c; 3a pyYHOro BIAKIIIOUEHHS CHCTEMH 4ac
BigkmoveHHs — 300 c.

BucHoBku. 3amporoHoBaHUN METOJ| PO3paxyHKy BETMYWMHH HaJUIMIIKOBOTO THCKY,
SKMHA MOXKE CTBOPIOBATHCS IIiJ] 4Yac 3TOpPSHHS TIa30-IapOHOBITPSHUX CyMilled y
NPUMIIIEHHSAX  3aKJIaJiB TOTEJIbHO-PECTOPAHHMX KOMIUIEKCIB, JIO3BOJISIE  3aBYACHO
BU3HAYATH HACIIJKH MOXIIUBHX HECTIPUATIMBUX a00 HECTAaHIAPTHUX CHTYAIlH i CBOEYaCHO
BXKMBATH KOHCTPYKTHBHO-TEXHIUHI 3aX0/IM IO/ iX 3amobiraHns abo MiHiMizallii.

KurouoBi ciioBa: muck, eudyx, cmitikicmos, comeib, 8UpoOHUYME0, be3neKda.
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AHHOTAIIMMN

NMuuieBble TEXHONOrMm

MsicHble NPOAYKTHI JAJisl MUTAHMS JIIOAel ¢ N30bITOYHBIM BECOM TeJIa — MaHeMueil
XXI Beka

Jropmuna Ilemryk, Oner I'anenko, AHactacus AHapocoBa, Bragumup boryx
Hayuonanvnwiii ynueepcumem nuwegoix mexnonozuil, Kues, Yxpauna

Brenenue. OCHOBHBIM pemieHUEM MTPOOJIEMBI H30BITOYHOIO Beca SIBIISIETCS pa3padoTka
TaKUX CIIEHHUAJIBHBIX MPOAYKTOB, KOTOPbIE ITO3BOJWIN OBl TPYIIE JIIOAEH ¢ M30BITOYHBIM
BECOM TeJla CHU3UTh Maccy Teja, MOTPeOssisi TOT WIM WHOW HpOAYKT. Takoro sddexra
MOXHO JIOCTHUTHYTb, NOOABIISIsl MJIM 3aMEHsIsl ONpe/IENEHHbI KOMIIOHEHT B PELeENnType Ha
JPYroH, ¢ BBICOKMMHU (DYHKIIMOHAIEHBIMH CBOHCTBaMH.

Matepuanbl 1 MeToAbl. /1151 MCCIeA0BaHUS UCTIONB3YETCS MSICO IleCapKu U BETYUHA,
cOaaHCHPOBaHHBIE TI0 AaMHHOKUCIIOTHOMY U YKUPHO-KUCIOTHOMY COCTaBY. VICIIONB30BaHbI
METOIBl ~ MATEMaTH4eCKOro  MOJICIMPOBAHWS  pelenTyp  TOTOBOrO  MPOJIYKTa,
SKCIIEPUMEHTANIBHBIE METO/ABl  HMCCIIEJOBAHUS XUMHYECKOTO COCTaBa, CTPYKTYpHO-
MEXaHMYECKUX IOoKa3areleil NmpoaykTa. AMHHOKUCIOTHBIH COCTaB OIpE/ENIEH METOIOM
HOHOOOMEHHOM XpoMmaTorpaduu Ha aHaJIM3aTOpe aMUHOKHCIOT THma  T-339.
JKMpHOKKMCIOTHBIN COCTaB CHIPhsI OMPEIEISI METOIOM Ta30BOi XpoMaTorpaduH.

PesyabraTbl m obcy:xkaenue. /s HOpManbHOH pabOTHI YEIOBEYECKOrO OpraHM3Ma
HAWJIYYIIAM COOTHOIICHHEM OCHOBHBIX JKHUPHBIX KHCIOT cuutaercs 1:1:1. Haumbomee
MPUOIMKEHHBIMH TI0 3TOMY ITOKa3aTeNio K WACaIbHOMY €CTh JKUP TUKOH YTKH M [ECapKH
(1:0,9:0,7 u 1:0,5:1,0 cooTBeTCTBeHHO). HauXyaImM 1m0 COOTHOIICHHUIO HPHBIX KUCIOT
spusiercs  Oapanmid  skup  (1:0,1:1,9). Tlo coorHomenuto [THXXK/HXK HauGonee
npeAnoYTUTeIbHbI cBUHOM Xup (0,27) n sxup nepenenos (0,21), a HAUXYAIIUMY SIBISIOTCS
xup aukoi ytru (1,27), xonckuii (0,58) n kypunstii xup (0,56).

BapeHo-konueHass BeTYMHa C MSCOM IIECAPKH HMeEeT Oolsiee cOaaHCHpOBaHHBIN
aMUHOKHCIIOTHBIH COCTaB II0 CpPaBHEHHIO C KOHTPOJBHBIMH oOpasuamu. B BapeHo-
KOIMUEHON BETYMHE HaOIIONAeTCs BBICOKOE coiepkanue BanumHa (Ha 0,6%), nu3uHa (Ha
0,71%), wmernonuna (ma 0,20%), Ttpeonmna (Ha 0,69%), amammna (Ha 0,59 %),
acnaparuHoBoit kucinotel (Ha 0,69%) w roummba (Ha 0,79%) 1O CpaBHEHHIO C
KOHTPOJILHBIM 00pa3iioM. [1o comepkaHui0 He3aMEHUMBIX aMUHOKHCIIOT BETYHHA C MSICOM
Lecapky MpHOMKaeTcsl K OEIKy KypUHOTO SIHIa, a IO COACPIKaHHIO TAKUX aMHHOKHUCIIOT,
KaK BaJHH, W30JCWIMH, JEWIWH, JIM3WH, allaHWH, aprHHHUH, aclaparuHoBas KHUCIIOTA,
TJIUIWH, TIyTAMUHOBAsI KUCJIOTA ¥ THPO3UH IPEBOCXOHT €TO.

BbiBoabl. DTO CBUIETENBCTBYET O TOM, YTO BAapEHO-KOMYEHAs BETYMHA C MSCOM
LiecapKy UMEeT XOpOIIo cOaJaHCHPOBAaHHBI aMHHOKUCIIOTHBIN cOCTaB, 001ajaeT BHICOKOH
OMOIOrNYecKOl IIEHHOCTHIO M MOXET ObITh OTHECEHA K MOJHOLIEHHBIM IPOYKTOB ITUTaHHUS
IO CO/IEPYKAHUIO HE3AMEHUMBIX aMUHOKHCIIOT.

KaroueBsle cinoBa: vsco, yecapku, emyuna, odxicupenue, numanue, 6aianc.
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HccaenoBanue coaepsxaHusi apoMaTH4eCKIX KOMIIOHEHTOB B BHHE U3 COPTOB BUHOTPa/a,
BbIpalieHHbIX B MHCTHTYTe BUHOrpagapcersa u 3Hosorni (1. Ilnesen, boarapust)

Bane I'eiirapos, Tatesna Monuesa, umutap Jlumutpon
Hncmumym sunozpadapcmea u snonoauu, 2.1lnesen, boneapus

Beenenue. IlpoucxoxneHne apoMaTHUECKHX BEIECTB BUHOTPaga, MycTa W BUHA
OIIpeIeNIsIeTCs: apOMaTHUYECKUMH BEIIECTBAMH BUHOTPaJia, KOTOPBIH MEPEXOANUT B MYCT U
BHHO; apOMaTHYECKUMH BEIIECTBAMH, KOTOPBIE SIBIISIOTCS IMPOMYKTaMH OHMOXUMHYECKUX
SIBIICHUH  (OKHCJIEHWe, OKCTPaKUWs, TUAPONIN3), TPEIUICCTBYIOUIMX (epMEHTALUH;
apOMAaTHYECKUMH BEIIECTBAMH, KOTOPBIE SIBIISIOTCS MPOIYKTAaMH JESITENILHOCTU APOXIKEH
u OakTepuil, KOTOpbIE MPOBOAAT CHHPTOBOE U  SIOJOYHO-MOJIOYHOE OpOKEHHE;
apoOMAaTHYECKUMH BEIIECTBAMH, KOTOpbIE 00pa3yroTcsi BO BpeMsl INpeoOpa3oBaHusl U
SIBIISIFOTCSL  PE3YJBTaTOM OOpa3oBaHHs BHHA; apOMAaTHYECKUMH BEIIECTBAMHU, KOTOPHIE
00pa3yroTcs MpH JJIUTETLHOM XpaHEHHs WU CTAPEHUH BUH.

Matepuanbl 1 MeToABI. bpuH McclieoBaHbl BUHA M3 BUHOIPA/Ia CIEIYIOIINX COPTOB!
Cropro3usi, Kaiinamickuii pyoun, Tpamesuna, Pyoun u bBykeT, celnekTUpOBaHHBIX B
WHcruTyTe BUHOTpanapcTBa M SHOJIOTHH B T. [leBeHe myTeM BHYTPEHHEH U MEXBHIOBOU
ruOpunu3anyy. JJaHHbie BUabl epepadaThiBaIiCh ISl IPOU3BOJICTBA CYXMX KPACHBIX BHH
TpaJUIUOHHBIM ITyTeM. OnpeneneHre apoMaTHIeCKoro NpoQuisi BUH MPOBOANIOCH ITyTeM
ra3oBoi xpomarorpaduu.

PesyabraThl U o0cyxaeHne. KomuuecTBO amerainbpieruia B HCCIEIOBaHHBIX BHHAX
HAXOJWJIOCh B TIpeleNiax HOPMBI JJIsl KPacHBIX CyXuMX BHH. HamOombliee KOIMYECTBO
areranpaernia Ob1o 0OHapYKEHO B BHHE, U3TOTOBJICHHOM U3 BuHOrpazaa copra Kaylashky
Rubin (83,80 mr/mv’). B BuHAax u3 BUHOrpaga coproB Py6un i CTOProsmsi KOIHYECTBO
aleTanpernia He3HAuUTeNbHOE, a B BUHE M3 BUHOTpaja copra Tpamne3uia nocieJHui He
HaiineH. 13 ¢pakiuii BBICIIUX CIUPTOB 2-MeTHII-1-OyTaHo ObUT HaliIeH TOJIbKO B BUHE U3
BuHorpajza Kaitnamickmii py6us (269,80 wmr/am’). l-meHTaHom, —o6GecreuMBaroLIHil
TIPUSITHBINA [BETOYHBIA TOH BHHA, ObLI OOHapy)KeH B BHHAX W3 COPTOB BHHOrpaaa byker
(71,79 mr/mv’), Tpanesuua (58,20 mr/mv’), Pyoun (29,00 Mr/am’), Toraa Kak B BUHAX U3
BuHorpana ITiopo Hyap ero comepxkanme cocraBwio mmmb 15,49 mr/mv’. W3 ¢pakimu
5(upoB BO BCeX BHMHAX Haiinen stmmanerar (13-37 mr/mm’). Takke BO BCeX BHMHAaX
npucyTcTByer m3o6ytinanerar (33.80- 86.84 Mr/aM’). DTiioBbIi GyThpat ObUT HaiimeH
TONBKO B BHHE M3 BUHOrpaza copta Byker (164,60 mr/am’). 3 rpymmsl TepreHOB ObUTH
OITpeIeIeHbl TePaHUON U OETa-IUTPOHEILIOI.

BuiBonbl. KommuectBo aneranpieruja B HCCIEAOBAHHBIX BHUHAaX HaXOIWIOCH B
npezaenax HopMmbl. Cpeau BBICHIMX CIUPTOB HawOonbllee copep)kaHue |-IeHTaHoja.
JlomuHupylomuM 3pupoM SBIsUICS ATWin Oyrupat. [lpucyrcTBue TepneHOB — MeHee
3aMETHO.

KiroueBble clI0Ba: surocpad, 6uHo, cnupm, 3¢gpup, mepnet, Xxpomamozpagus.

ObocHoBaHMeE CeIMMEHTALIMOHHOMH YCTOHYNBOCTH MOJIOYHOM CHIBOPOTKH 1OCJIE
3JIEKTPOUCKPOBOii 00paboTKH

Oxkcana Kouyo6eii-JIuteunenko, Osbra UepHIOIIOK,
Jmutpuit Pemmiok, Exatepuna HlyTrok
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna
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Beenenue. Crarhsi MOCBsIIEHA IEPBUYHONH 00pabOTKE MOJIOYHOW CHIBOPOTKH, B
YaCTHOCTH TEPCIIEKTHBAaM €€ NepepadOTKH C HCIONB30BAHUEM DJIEKTPHYECKUX Pa3psoB.
[enecooOpa3HOCTh NMPUMEHEHUs AJIEKTPUYECKOTO paspsiia B TEXHOJOTHUH IepepaboTKU
MOJIOUHOM CBIBOPOTKH TOATBEPIKIACTCS IKCIIEPUMEHTAIbHBIMU UCCIIEOBAaHUSAMHE, 2 TAaKXKe
pe3y/nbTaTaMy MaTeMaTHIeCKOro U CTaTUCTUYECKOTO aHaAIN3a.

Matepuanbl 1 Metoabl. Ha OCHOBE MaTeMaTHYECKOTO MOJIEIMUPOBAaHUs TOA00paH
palMOHANIBHBIA  PEKUM  DIIEKTPOTUAPABINYECKON 00pabOTKHM  CBIBOPOTKH, KOTOPBII
COIPOBOXKIAETCS MAaKCUMAIBHOM JJUCTIEPCHOCTBIO YaCTHIl OCAKACHHOW Ka3€HMHOBOH MBUIH.

Pesynbrarel M o0cy:kgeHuHe.  BpIIO  MOATBEpXAEHO,  UYTO  CpeAHHUH
THIPOIMHAMHYCCKUM THAMETP YaCTHII MOJIOYHOW CBIBOPOTKHU cHH3mICS ¢ (1697,5 + 82,38)
HM 10 (221,34 + 10,3) HM nociie 00pabOTKU IIEKTPUIECKUMHE Pas3psiaMy ¢ MaKCHMabHBIM
HarpsbkeHueM 45 KWIOBOJBT W KOJIMYECTBOM pa3psiioB 25. MHAEKC MONMMIUCTIEPCHOCTH
mpu 3ToM pesko yman ¢ 1,0 mo 0,35...0,40, 4TO XapakTepu3zyeT CHUCTEMY Kak
MOHO/IUCIIEPCHYIO.

[Ipu nanpsoxenun 30 u 35 kB u xonuuecTBe pa3psinos S...15 aucneprupoBaHue 4acTULl
ObUTO HecylecTBeHHbIM. CpenHHi pa3Mep 4YacTll yMeHbInaics Toibko Ha 22... 30%. C
YBEIMYCHUEM HANpsDKEHUS M KOJIMYECTBAa paspsgoB OTMEUYCHO CMEIICHUE IHKOB Ha
KpPUBBIX pacmpeseneHuss B CTOpoHy dactuil pasmepoM 10 500..1000 HM u CHUXEHUE
cpeiHero THIPOJMHAMHYECKOTO JaMeTpa. Jlyumme Ppe3yNbTaThI pu
AIIEKTPOTHIPABINYECKOH 00pa0OTKM MOJIOYHOH CHIBOPOTKH OBUIM JIOCTUTHYTHI TPH
HanpsbkeHuu 45 kB u konuuecTBe pa3psios 25.

O0beM ocanka B 00paboTaHHOM chiBopoTke cHu3mics ¢ 0,9...1,1 mo 0,1...0,2 oM’ pu
HanpsbkeHuu 45 kB u konuuecTBe pa3psiios 25.

BouiBonnbl. IIpemiokeHa TeXHOIOrUYECKasl CXeMa MePBUYHON NepepadOTKH MOJIOYHOM
CBIBOPOTKH C MCIIOJIb30BAHUEM DIIEKTPOTUAPABINIECKOT0 METO/IA.

KiroueBble cioBa: cwisopomka,  paspso,  OUCNEPCHOCMb,  CeOUMeHmMAyus.,
YCMOUYUBOCHb.

TecTooOpa3yomas CnoCOOHOCTH cMeceil U3 MYKH MIEHUIbI U IUI00B XJI€0HOr0
nepeBa

Tumkanu OKI/IMI, Oxke KerI/IHz[e2
1 - Hayuonanvhoe azenmcmeo pazeumust ouomexnonocuil, Osooe Eea, Hucepus
2 - Omoen nuwesotl Hayku u mexroaoeuil, I ocyoapcmeennwlii azpapHulil yHugepcumen,
Abeoxyma, Hueepus

Beenenue. lccrnenoBaHue MPOBENEHO C LIENBIO ONpEAEICHHUS CIOCOOHOCTH CMecei
MIIEHNYHOW MYKHM W MYKH W3 IUTOJOB XJIEOHOrO JiepeBa K OOpa3oBaHMIO TecTa JUis
BO3MO)KHOT'O ITPOMBIIIUIEHHOTO MCITOJIb30BAHMSI.

Matepnanbsl u Metoabl. [lmogsl XieOHOro jepeBa COPTHPOBAINCH, MBUIKCH,
YUCTWINCH OT KOXYPBI, HAPE3aJIHUCh JIOMTAMH, OJIaHIIMPOBAINCH, OXJIAKAAINCH, U3 HUX
yIOaJsuld BIIary, CyIIMJIM B CYHIIMJIBHOM Inkady mnpu TemiepaTtype 650 °C, u3menpyanu Ha
MYKYy M CMENIMBAIN C MIIEHHUYHOW MYKOW CO CIEIYIONIMMU OTHOIICHUSIMH HIIEHUYHOU
MYKH K MYKe IUI0J0B XJeOHoro paepema: 100:0, 90:10, 85:15, 80:20, 75:25. Dtun
KOMITO3MIIMOHHBIE CMECH MYKH aHAJU3UPOBAINCH HAa CIIOCOOHOCTH K 00pPa30BaHMIO TECTA.
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Pe3yabTraThl U 00cy:KneHHe. MakCHMabHbIN NOKa3aTelb BA3KOCTH ISl CMECH MYKH
MIICHUIIBI U TUIOAOB XJIEOHOro jaepeBa koiebascs or 193,5 mo 270,68 OTHOCHUTENBHBIX
emuann. HaOmopamucy 3HaumtensHble (<0,05%) pa3nuuus B 3HaYEHHWSX BS3KOCTH JUIS
pa3nuuHbIX 00pa3uoB. [TokazaTens BI3KOCTH MOKa3bIBAET BEPOSITHOCTH Pa3phiBa TECTa MPH
npurotoBineHuy. [lokazarenp BS3KOCTH, NpPU KOTOPOM BO3MOXKEH pa3phlB  TecTa,
konebnercs ot 72,92 no 106,08 ycioBHbIX eaunun. ITocimemHuil mokasaTeib BSI3KOCTH
konebaincs Mexay 216,67 u 275,75 yCIOBHBIX €IMHUI], a HAUBBICIICE 3HAYCHHE BSI3KOCTH
MoNyYusia MyKa W3 IUIOJOB XJIeOHOro JiepeBa, 4YTO YKa3blBaeT Ha CTaOWIBHOCTH
MIPUTOTOBJICHHOTrO Tecta. Camble HU3KUE 3HAuUeHHs KojeOmrores Mexay 96,0 u 111,75
YCIOBHBIX equHUI. MakcumaiibHoe Bpems konebnercs ot 4,43 no 4,66 munyt mis 100%
MIIEHUYHOW MYyKH, B TO BpeMs Kak CMeCh IONydmna 3HadeHus Ha 15% Huxe.
3nauntenbHble (<0,05%) pa3muuus 3aMeueHo s TeMIepaTyp o0pa3oBaHUsl TeCTa U3 MYKH
cMecH TIIeHHIBl M XJeOHoro jnepeBa. TemmepaTypa oOpa3oBaHMSI TecTa IO3BOJSET
OITpEeJIeIIUTh BpeMsl )KEIaTHHU3AIMU BO BpeMs Iporiecca.

BuiBoabl. YBenuueHue cojepikaHHs MYKH W3 IUIOJOB XJIEOHOTrO JiepeBa B CMecH
yAy4qlIaeT ee TeCTO00pa3yroIe XapaKTepPUCTHKH.

KnaroueBsle cnoBa: nuwenuya, xiebnoe oepeso, MyKa, mecmo.

Bausinue MOPCKHUX BO)IOpOCJ'[eﬁ Ha U3MEHEHUS MoKa3aTejleil KauecTBa CJIMBOYHOTO
MacJjia

Tarpsna JIeockast, Enena Oukosc
Kuescxuti nayuonanvhviii mopeogo-sxonomudeckuli ynusepcumem, Kues, Ykpauna
Hayuonanwnwiii ynueepcumem oduopecypcos u npupooononvzoganus, Kues, Yipauna

Brenenue. Llenbto paboTHI SABIISIETCS MCCIIEOBAHNE BINSHUS MOPCKUX BOIOPOCIIEH Ha
W3MEHEHHsI TI0Ka3aTesel KauyecTBa CIIMBOYHOrO Macia B IPOLIECCe XPaHEeHHsI.

Matepuanbl u MeToabl. OOBEKTOM HCCIEI0BAHUS CIYXKWIA 00pa3ibl CIUBOYHOTO
Macjia C TOPOIIKOM W3 JIaMHUHapHH, (yKyca, CIHPYIMHBI M IHCTO3UPBI; KOHTPOJIEM —
CJIMBOYHOE MAacjIo XUPHOCTBIO 62,5 %. OOpasisl XpaHWIH NP TeMIIEpaTypax Iioc 3 + 2
°C u Munyc 7 £ 2 °C u onpeaensiii U3MEHEHHsT OPTaHOJICNITHICCKHUX MMOKa3aTelel (BKyca u
3amaxa), a Tak)kKe IEPBUYHBIX MMPOIYKTOB OKUCIIEHUSI — NEPOKCUIIOB M THAPOIIN3A JHUITH/IOB
Ha pa3JInYHBIX CPOKaX.

PesyabraTtel m o0cyxkaeHue. licnonb30BaHHE MOPCKHX BOJOpOCHEH B cocTaBe
CIIMBOYHOI'O0 Maclia IO3BOJISIET TPOJIMTh CPOK XpaHEHHs NPOAYKIMH B JBa pasza. Tak,
JUHAMHMKA OpraHOJEeNTHYECKHX [OKaszaTelied CIMBOYHOTO Maciia C  BOJOPOCISIMH
XapaKTepru30Bajach CHIDKEHHEM OaJlJIOB B KOHTPOJIBHBIX 00pa3liax B MpOIEcce XpPaHEHUs
mpu wntoc 3 + 2 °C k 45 cyrkam Ha 4 6ata, ¢ BOAOPOCIIMH — Ha 2 OaJijia; Py XpaHCHUH B
yeaoBusax MuHyc 7 + 2 °C x 65 cyTkam — Ha 5 0a/IOB B KOHTPOJIBHOM 00pasiie U Ha 2
6ayta — ¢ MOpckuMH BozopocisiMu. [Ipu XpaHeHnn oOpasloB B YCIOBHSX TEMIEPAaTyphl
wioc 3 + 2 °C usMeHeHus KoMIUIeKca IoKa3arenel IpoXoJUT HHTEHCHUBHEE IO CPaBHEHUIO
¢ XxpaHeHueM npu MuUHYC 7 £ 2°C, 4TO OOBSICHSETCS BIMSHUEM HH3KHX TEMIIEpaTyp.
[epokcumHoe YMCIO KHUpa KOHTPOJIBLHOrO o0pasia ciauBOYHOro Macia mocie 30 cyTok
cocrapisio 4,9; ¢ MOpPCKUMH BomopocismMu — ot 3,2 mo 3,5 %% O MMONb/KT,
COOTBETCTBEHHO. AHAJOTMYHasi 3aBHUCUMOCTh YCTAHOBJIEHA MpPU W3YYEHHH THAPOIH3a
KHMpa: BCE BHIbBI MOPCKHX BOAOPOCIEH 3aMeUIIOT B JIBAa pa3a IPOLECCHl HAKOIUICHHUS
CBOOOJIHBIX KHPHBIX KUCIOT. MOXXHO TPEATIOIOKUTh, YTO HaOoAaeMblii HaMu 3¢ ¢exTt
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00YCIIOBJIEH PUCYTCTBHEM B MOPCKUX BOAOPOCIISX CEIEHa, MUTMEHTOB, OHO(IaBOHOUIOB,
a TaKke (POPMHUPOBAHMEM ITONUCAXAPHIHO-INIHIHBIX KOMIUIEKCOB Ha ITOBEPXHOCTH
HAHO3EpEH, KOTOPhIE 3alIUINAIOT XKHUPOBYIO (pazy OT OKHUCIEHHS U THAPOIH3A.

BeiBonpl. OOoramieHne CIMBOYHOI'O Macia MOPCKUMH BOJOPOCISIMU 3aMeEUIseT
YXYALICHUE OPTaHONENTHYECKUX MOKa3aTesel, a TaKKe MPOIeCChl OKUCIEHUS H THIPOIH3a
KHpa MPU XpaHEHUH KaK IIPH TUTIOCOBOM, TaK U MHHYCOBOW TeMIeparype.

KnarwueBble cioBa: ciueku, macno, aamuHapus, @QYKyc, CRUpPYyIUHA, YUCMO3Upd,
XpaneHue.

OueHka KavyecTBa nopouika m3 0301]16]71, MNOJYyY€HHOIr o CIoco00M CMEIIAHHOT 0
TENJI00TBOAA

Anekcanapa Hemupuy, Oxcana Ilerpymma, Oxcana Bamieka, Auapeit 'aBpui
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenme. Pacumpenue accopTHMEHTa TIPOIYKTOB —IepepabOTKH  IUIOI0OBOIIHOM
TIPO/IYKIIMK 33 CYET YBEIMYEHHWs JOJMM M Pa3HOOOpasWsi acCOPTHMEHTa CYIIEHBIX IUIOJIOB U
OBOIIIEH Ha CETOHSAIIHUH JICHb SIBJISETCSI 11e/IeCO00Pa3HbIM U MEPCIEKTHBHBIM.

Marepuanbl U MeToabl. B pabore uccnenoBaicss MOPOIIOK C KamyCThbl, MONYYEHHOH
CYIIKOM €O CMEIaHHBIM TerionoaBonoM. CTPYKTYypHBIE M peruIpaTalioHHBIE CBOWCTBA
TIOpOIIIKAa M3 KaIyCThl M3Y4alIuCh C UCIONb30BaHHeM onTudeckoro (MBI-15) mMuxpockora c
«mpoxomamieM» cBeroM, aepuBarorpada Pauli-Erden Q-1500D u mpubopa [loramkua,
KOTOPBII TIOCTPOEH 10 MPUHLKITY COOOIIAONIHUXCs cocy/IoB. [Ipn aHanm3e nu3orepM aicoponmu
MapoB BOIBI OBOLIHBIX IOPOIIKOB YCTAaHOBJICHO, YTO OIBITHBIE 00pasipl 3TII-cymku c
a/ICOPOIIMOHHOM CTPYKTYPE OTMHAKOBBI.

Pesyabratel u o6cy:xkaenme. [lopomrok w3 KamycThl, HOMYYeHHBIH CIIOCOOOM €O
cMemanaeM - TerwiononeogoM (CTII-cymika) mpu Temmeparypax mporecca 50 u 70 °C,
BBIOPaHHOT'O B KAa4€CTBE YCIOBHO «IPEIENbHOro». Pasmepbl Mop MCCIEIOBaHbI C MTOMOIIBIO
ycTaHOBKM Mak-beHa.

AHamM3 CHUMKOB MHKPOCTPYKTYPHI BOCCTAHOBIIEHHBIX YACTHI[ ITOPOIIKA M3 KaIyCThI
TIO3BOJIMJI KOHCTATUPOBATh, YTO HA TPOLIECC PETUAPATAIMH BIUSIOT BUIT U TEMIIEpATypa Cpellbl.
Tak, Ha TpeACTaBIEHHBIX CHUMKaX MHUKPOCTPYKTYpBI BHIHO, 4uTo Ipu Temmeparype 20 °C B
pa3IMYHBIX Ccpelax Ha TOBEPXHOCTH KIETOK TKaHEH OBOIIA MEXIY COCTABIISFOLIMMHU
KOMITOHEHTAMHU TIOPOIIKa M MOJIEKYJIaMH BOJABI (POPMHUPYIOTCSI CONBBATHBIE KOMIUIEKCHI, Ha
CHHUMKaX XOPOIIIO BUIHO CJIOH a/ICOPOIIMOHHO CBSI3aHHOM BJIArH.

Ompenened Kod(D(GUIMEHT BOIONOIIIONICHUSI TIOPOIIKOB M3 KaIyCThl, Ka0aykoB |
TonHamMOypa B W30paHHBIX MOJSIPHBIX Cpel. Pe3ynbTaThl McClenoBaHWil yKas3bIBalOT, YTO
ucnions3oBanre Meropa 3TII-cymku crmocoOCTBYeT (HOPMHUPOBAHHIO —PErvIpaTaliOHHBIX
CBOWCTB IOPOIIIKA U3 KAITyCThI, OTIIHYAronIerocs B 1,5 pa3a Gonpliei ciocOOHOCTBIO CBSI3BIBATH
BJIary MPOYHBIMH CBS3SIMHU MO CPABHEHHIO C KOHBEKTHBHOW CYIIIKOM.

BoiBoabl. MeTo10M CYIIKH CO CMEIIaHHBIM TETUIONOABOIOM Tpu TemriepaTtypax 50 u 70
°C moIy4eH MOpoLIOK U3 KarycThl. bornbine B 1,5 pa3a moBepXHOCTh a/1cOPOIMH TOPOIIKa 13
karmyctel (70 °C) mo3BojseT KOHCTaTUPOBAaTh, YTO IMOMIOLIEHWE BIIArW Y JAHHOro oOpasna
OyJIeT, COOTBETCTBEHHO, OOJIBIITHM.

KaroueBsle cioBa: xauecmso, nopouwiox, Kanycma, pecuopamayusi, MUKpOCmpyKnypd.
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Baunsinue 3KCTPYTHPOBAHHSI HA MHUKPOOHOIOTHYECKUE TOKA3ATETH KOPMOBBIX
cMmeceit

Tatesana Tpakano, Oner [llanoBanenko, Tarbsina Sutok, Aunpeit [llapan
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenue. C 1enbl0  ONpENEICHUS KadecTBa KOPMOBBIX CMeEceH, ComepiKamux
JILHSHOM 3KCTPaKT Ha OCHOBE CBIBOPOTKH, OBUIM HCCJICIOBAHBI MHKPOOHOIOIMYCCKHE
MOKa3aTeIl KOPMOBBIX CMECEH IMOCie IKCTPYIUPOBAHKS Pa3HOrO PELEHNTYPHOTO COCTaBa
IIPH XPaHCHUU.

Marepuaiabl m MeToabl. llccienoBaanch KOPMOBBIE CMECH W3 3€PHA IIICHHIIBI,
KYKYpy3bl M JIBHSHOTO OJKCTpaKTa Ha OCHOBE CBIBOPOTKH B Pa3HOM IPOILCHTHOM
COOTHOIICHUH. JIbHAHOW SKCTPAKT IOJy4ald IyTeM OKCTPAKIUH B IYJIbCAIIMOHHBIX
JUCIIepraTopax ¢ akTHBHOM awadparmoit CMech CMENIMBAIM M DKCTPYIAUPOBAIH MPU
temreparype 110 — 120 °C, naBnenun 2 — 4 Mlla, 4TO TO3BOJSET MOYTHU MOTHOCTBHIO €€
00e33apa3uTh.

HccnenoBany u3MeHEHUE MUKPOOHOJIOTHMYCSCKHIX TOKa3aTenell KOPMOBBIX CMecel Tpu
xpaHeHud. OMbITHBIC 00pa3Ilbl MOMENIAM B TKAHEBBIC MCIIKA M XPAHWIA B TCUCHHE 2
MecsieB mpu Temreparype 0 °C (xonomwisHUK), + 20 °C, (TepMocTaT) ¥ OTHOCUTEITBHOMN
BJIAYKHOCTHU Bo3ayxa 45%.

PesynbraThl u 06cy:KIeHHEe. BiiaXHOCTh 3€PHOBBIX CMecCel 10 SKCTPYIUPOBAHHS B
oOpasmax Haxoaunach B mpeaenax 16,8 — 17,6%, mocae skcTpyaupoBanus - oT 13,3 1o
13,5%, u B TeueHue cpoka XpaHeHus Oe3 um3MmeneHuit. IIpu Temmepatype 20 °C u
OTHOCHTEIIBHOW BJIAXKHOCTH BO3ayxa 45% BIaXKHOCTH 00pa3IOB M3MEHSIETCS B MPOIECCE
xpanenus ot 13,3...13,5% no 15,3...16,1%.

H3MeHeHne BJIaXKHOCTH OSKCTPYAUPOBAHHBIX KOPMOBBIX CMecedl B 3HAYUTCIBHOU
CTCIICHU 3aBUCHT OT TEMIICpATyphl XPaHEHUs, a HE OT KOJIMYCCTBA BBEACHHOI'O JIbHSIHOTO
9KCTpaKTa Ha OCHOBE CHIBOPOTKH B COCTaB CMECH.

B Hayame W B KOHIIC XpaHEHHS SKCTPYAUPOBAHHBIX KOPMOCMECEH XapaKTepeH
JIOCTATOYHO HU3KHUH YPOBEHb MHKPOOMOJIOIMYECKOro oOCeMeHeHHs. Takue TpyIsl
MHUKPOOPTaHU3MOB, Kak Oakrtepuu Tpymibl kuieuHod mnanouku (BI'KII), matoreHHbie
MHUKPOOPTaHU3MBI B CMECSX HEe 00HapyxeHbl. O0IIee KOINIECTBO ME30(PMIBHBIX a3pOOHBIX
1 (haKkyJIbTaTUBHO aHA’POOHBIX MHKpoopraHu3MoB (MADAM) Bo Bcex oOpasiax cmeceit
HAXOIHUTCSI B IOMYCTUMBIX Ipezenax (ae oonee 5105 KOE/T).

AHaM3 KOJOHUUA Me30(DHIBHBIX a’3pOOHBIX MHKPOOPTAaHW3MOB Ha MsSICONCITHHHOM
arape Toka3aj, YTO OHM XapaKTCPU3YIOTCs OOJBIINMH, MAJIbIMH U CPEIHUMH pa3MepaMHu,
OCIBIM W JKCIATBIM OKPacoM, DaBHBIMH M HEpaBHbIMH KpasmMu. OCHOBHas 4YacTb
MHUKPOOPTaHHU3MOB - KOKOBBIC OaKTEPHH, KJICTKH KOTOPBIX PAa3MEIIAOTCS OIUHOYHO HITH
ckorieHussMA.  OCHOBHbIMH  MOpGOTUIIAMH  OaKTEpPHU, BBIACICHHBIX M3 KOPMOBBIX
9KCTPYIATOB, SIBJISIFOTCS a3POOHBIC OaKTEPHH.

BouiBoa. PexoMenayeTcs HCIIONB30BaTh MPOIIECC PKCTPYIUPOBaHUS KakK 3(H(HEKTUBHBIN
Ccroco0 TOBBINICHUSI CAHWTAPHOTO KaveCcTBa OKCTPYIUPOBAHHBIX KOPMOBBIX CMECEH,
ITOCKOJIBKY OH TO3BOJISICT IMOJIYYUTh ITOYTH CTCPUIIBHBIN IPOIYKT.

KiroueBble cJI0Ba: Kopm, JieH, SKCMPaKm, MUKpoOUOL02Usl, KOKU.
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HN3MeHeHHe MUKPOHYTPHEHTHOTO cocTaBa 0Mo¢opTH(PMIHPOBAHHBIX 0BOLIEH NMPH
3aMOPa’KMBAHMM W XPaHEHUH

I'puropuit eiinmuenxo ', Onbra FOnuuesa
1 — Xapwrosckuil 2ocyoapcmeentslil yHueepcumenm NUMaHusi U mopeoeiiu,
Xapovros, Yrpauna
2 — Buicuiee yuebnoe 3asedenue Yrkooncorosa “Iloamasckuil ynusepcumem 3KOHOMUKU U
mopeoeau“, Ilonmasa, Yxpauna

Bgenenue. HUccnenoBano HU3MEHEHHe MHUKPOHYTPHEHTHOT'O cocraBa
OouodopTUUIMPOBAHHBIX €  IOMOUIbI0  ynoOpenust  “PuBepm”  oBomedt  npu
3aMOpaKUBAHUH U XpaHEHHU.

Matepuanbl M MeToabl. Marepuanbl — CBEXHE M 3aMOPOKEHHBIE 00Opa3ibl
6uopopTUhUIMPOBAHHOIO Ieplia CIaJKoro W THIKB. J[JI ompeneneHust coiepikaHHs
MHUKPOHYTPUEHTOB ~ HCIIOJNB30BaHBI ~ METOIBl  WHBEPCHOHHOW  BOJBTAMIIEPOMETPHH,
KHUJKOCTHOW Xpomarorpauu, a TakkKe KOJIOPHUMETPHYECKUH W THUTPOMETPHYECKHIA
METO/IBI.

PesyabraTtel U o6cyxaenune. OOpasubl OHOPOPTHOUIMPOBAHHOIO IEpLA U THIKB
SIBIISTEOTCSI O0JIee IICHHBIMU TI0 COMeprKaHmIo Kee3a (Ha 7,4—14,6%), nmunka (Ha 2,7-6,7%),
Menu (Ha 2,1-6,6%), ButamunoB B; (Ha 20,9—44,7%), B, (Ha 18-34,3%), C (Ha 28-29%),
KapoTHHOHIOB (Ha 11,6—-22,8%) M0 cpaBHEHHUIO C KOHTPOJIEM.

VYMeHbIlIeHHEe KOJNMYECTBAa JKele3a B 3aMOPOXKEHHBIX OHO(pOPTHU(HHUIIUPOBAHHBIX
oBolax 3a 6 mecsneB xpaHeHus: coctasisier 4,5-5,4%, menu — 2,6-2,7%, nuaka — 2,1—
2,3%. Ilpm 3aMopaKMBaHMM | XpaHeHHH OuopopTU(UIMpPOBAHHAS THIKBA COpTa
OnemkuBckuii motepsuia 22,4% suramuna C (koHTpoab — 36,9%), 15,7% KkapOTHHOHIIOB
(xoHTpons — 23,7%), 15% Butamuna B; (xoutponp — 32,4%), 13,8% BuramuHa B,
(xoHTpONB — 26,2%). Ilpn XpaHeHHH 3aMOPOXKEHHOTO OMO(pOPTUPHIMPOBAHHOTO IMepla
craakoro copra 30510T0 CKU(OB TaKKe MPOU3OILIO YMEHbIIEHUE CONlepKaHHUsSI BUTAMUHOB!
ButamuHa B, — Ha 13,8% (xoHTpons — Ha 14,9%), Butamuna B, — na 12,8% (kxoHTpONs — Ha
14,1%), Butamuna C — na 12,7% (xontpons — Ha 13,2%), kaporuHougoB — Ha 5,3%
(xouTpONH — Ha 6,0%). BonbIlle BCero BUTAMUHOB OINBITHBIC 00pa3Ilbl OBOIICH MOTEPSUIH
HEIMOCPEICTBEHHO B Ipoliecce 3aMopakuBaHus. KOHTpoibHBIE 00pa3ipl 3aMOPOKEHHBIX
OBOIIEH Ha BCEX OJTamax WCCIEAOBaHUS COJAEpKald B CBOEM COCTaBE MEHBIIIE
MHUKPOIJIEMEHTOB 1 BUTAMUHOB.

BuiBonbl. 3amopakuBaHue M XpaHeHHE OHOPOPTH(PUIMPOBAHHBIX (BBIPALIEHHBIX C
MIPUMEHEHNEM OpraHUYecKoro yaoOpeHus “PuBepm’) ruiofoB mepia U THIKB HPUBOAT K
CHIDKEHUIO B HUX COJIEPXKAaHUSI MUKPOHYTPHEHTOB, HO 3T M3MEHEHUsI IPOUCXOAAT B HUX
MeHee MHTEHCUBHO 10 CPaBHEHHUIO C KOHTPOJIBHBIMH 00pa3naMu. CaMbie OOJIbIIHIE [TOTEpU
BUTAMUHOB IPOUCXOAT IIPU 3aMOpPaKMBAHHH.

KnroueBble ciioBa: 3amopadcusanue, Mukponympuenm, oduogpopmuguxayus, ogowyu,
“Pusepm”.

IMoka3aTe/in Ka4ecTBA KOHIAUTEPCKUX MOJY(PaOpPUKATOB ¢ MOPOIIKAMM U3 0aHaHA
M MOPKOBH

Mapus Anuuk, Anekcanapa Hemupuu
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna
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Beenenue. IIpoBeneHO wHCClieNOBaHUE TEXHOJIOTHYECKHX CBOMCTB TOPOLIKOB U3
MOpDKOBM ¥ OaHaHa, IIOJy4YEHHBIX XOJOJIHOH pacHbUINTEIbHOH CYHIKOH C MENbIo
OIIpEeJIeICHUs] BIMSHHS PACTUTEIBHOI'O CHIPhsi Ha MOKA3aTeIM KadecTBa KOHIUTEPCKOrO
noygadpukara.

Matepuanbl u Metoabl. OmnpeneieHus] IUCIEPCHOCTH PACTHTEIBHBIX ITOPOLIKOB
MPOBOJMIIM ITyTEM TMOJICUETa pa3MEpOB 4YaCTHI[ IOPOUIKOB C TIOMOUIBIO OKYJISIp-
MHUKpPOMETpa M ONTHYECKOro MHuKpockoma npu ysenudeHuun B 400 pa3. VccnemoBanue
(PU3MKO-XMMHUYECKHUX TIOKa3aTesel KauecTBa MOMyYeHHBIX MMoNy(haOdpuKaToB ONpenelsuiy ¢
TIOMOIIIBIO CTAaHIAPTHBIX METOANK.

PesyabraTsl u o6cyxnenue. OnpeneneHus AUCIEPCHOCTH PACTHTEIBHBIX ITOPOLIKOB
MHUKPOCKOITUYECKHUM METOZOM IOKA3aj10, YTO HAauOOIbIINHA 00BbEM YacTHIl B MCCIIETYEMbBIX
oOpasiax mpexacrarieH ¢pakmued no 20 MM, naHHas (pakims B MOPOIIKE M3 OaHaHA
conepxurcs B oobeme 81%, mopkoBu — 78%. To ecTh 4acCTHIIBI B TOTOBOM H3JICIIUH HE
OyIyT OIIYIIATHCS OPraHOJENTUYECKH.

[Mopomok n3 OaHaHa SBISETCS TOMOTEHHBIM 3a MEJIKUMH (PakUIUsIMH YacTHII,
MIPE/ICTaBJICHHBIN OIBKaMH 1apoo0pa3Hoi (OpPMBI, OJHOPOIHBIN 110 BCeit Macce.

Jlyuie yaepsxuBaeT xup mopoimrok ¢ 6anana (0,92 mu/r), KOTOpBIH, HAOOOPOT, UMEET
MEHBIIIYIO BOJOCBSI3BIBAIOIIYIO CIIOCOOHOCTH (6,33%). AHamornyHass oOpaTHas TCHACHITUS
NpOSIBISIETCST M JJIsl TIOpOLIKa W3 MOPKOBU: NpPH OOJIBIIEM BOJOMOIJIOMIEHHH H
Braroyaepkanuu  (6,93%)  maHHBIA ~ MOPOMIOK  WMEET  MEHbIIEE  3HAYCHUE
)upoyzaepkuBatomiei criocoonoctu (0,89 Mi/r).

[lpu ompeneneHny BIMSHHUS BHIOPAHHBIX JO3UPOBOK HCCIENYEMBIX MHOPOLIKOB Ha
OpraHoJIENTUYECKHE  CBOMCTBAa  KOHAWTEpCKOro monydaOpukara Kak  HaumOolee
paumoHanbHas OblTa M30paHa O3MPOBKA MOPOIIKAa U3 MOPKOBH — 5% W TOpOIIKa H3
Oanana — 18% K pelenTypHOH MacChl, YTO TMO3BOJISIET TOJYYUTh KOHAWUTEPCKHI
noyabpuKaT ¢ BHICOKUMH BKYCOBBIMHU CBOMCTBaMH, & UMEHHO: OJJHOPOJHOH CTPYKTYDBI,
TUIACTUYHON KOHCHCTEHIINH, CO BKYCOM U 3aIaxoM, MPUCYIIUMH JaHHOMY PpYKTY.

MaccoBast monsi Biard KOHAWTEPCKOro mnonydadpukara ¢ IOPOIIKOM MOPKOBH
cocraryser 12,2%, ¢ mopomikom u3 6anana — 11,6%. MaccoBas mons xupa - 25% u 18%
coorBeTcTBeHHO. CoziepyKaHne PeAyLMPYIONIUX BEUIECTB B MOJMYyYEHHBIX MonydadpukaTax
oyt paBHbl 4,4% u 4,2%. Pa3mep KpucTauioB OCHOBHOHM (pakimm coctaBiser 10—15
MKM.

BuiBonbl. [lo pe3ynbraraM HcClleOBaHUI MOXXHO PEKOMEHIOBATh HCIIOIb30BAHHE
MEJIKOJJUCIIEPCHBIX PACTHTENFHBIX ITOPOIIKOB B KOHJUTEPCKOM HPOU3BOJICTBE C IENBIO
TIOBBILICHUS TUIIEBOH IEHHOCTH U PacUIMPEHHs] aCCOPTUMEHTA T'OTOBOW IPOAYKIIHH.

KiroueBble ciioBa: noaygabpuxam, nopouiok, Kawecmeo, KOHOUmepckoe uzoeinue,
b6anaH, MOPKOBb.

Hcnoab3oBanue (pepMeHTOB JIJIsl M3BJI€YEHHSI PANICOBOI0 MACJIa METOIOM
TPeCcCcOBAHUSA

Anéna Yepcrpas, Anacracus Jlacroserkas, Tamapa Hocenko
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBe)IeHI/Ie. 21.]'[5[ H3BJICYCHUA JIMIIUIAO0B, KOTOPLIC XPaHATCA B 3aMKHyTOI>i CTPYKTYpC
CEMIH, HEOGXOI[I/IMO peoa0JICTh HECKOJIIBKO 6apbep013. Hcnons3oBanue TUAPOIUTHYCCKUX
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(epMEeHTOB, TakMX Kak IeUIiojla3a, T'eMUIENIoIa3bkl, IEKTHHA3a, IOBBIIIAET
MIPOHHUIIAEMOCTb TAKOH CTPYKTYPHL.

Marepuansl ®W  MeToAbl. [l  HcclegoBaHMS — UCIOJNB30BAIMCh  CEMEHA
HU3KOTJIIOKO3MHONATHEIX copToB. [yt mpenBaputensHOi (hepMeHTaTUBHON 00paboTKu
UCIIONIb30BaHbl  clienyone (epMEeHTHBIE TpenapaTbl C pPACIIMPEHHBIM CIIEKTPOM
neiictBus: Protolad (mporteasa, 70 en/r, Du3uM, Ykpauna) u Celulad (tiemmonasa, 300 en/r,
OH3uM, Ykpauna). J[J1si OLEHKM KadecTBa MOJNYYEHHOI'O Macia HCIOJB30BATH METOJbI
OIpeJIeIeHUs] WOJHOr0, KUCIOTHOTO W IepeKUCHOro umces. DPQexkTHBHOCTh JeHCTBUS
(bepMEHTHBIX MPEapaToB OLIEHHUBAIH METOJIOM MOMEHTAJILHOTO B30ANTHIBAHNUS, a TAKXKE 32
OCTaTOYHBIM KOJIMYECTBOM Macia B KMbIXE.

PesyabraThl U o0cy:kaenne. Hawnydmme pe3ynbrarel ObUTH MONY4YeHBI B 0Opasmax
ceMsiH, KOTOpbIe UMeNH cofepkanue Biaark 4%. depmenTatuBHas 00pabOTKa MaCISTHOTO
MaTepuana B TEYEHHE IBYX YacCOB SIBIISIETCS TOCTATOYHBIM YCIOBHEM JJISl YMEHBILICHHUS
OCTAaTOYHOM MacIUYHOCTH KMBbIXa ¢ 24,4% 110 9,4%. KonuuectBo depmeHTHOrO NIpenapata
0,4% k Macce ceMsH SIBIISIETCS ONTUMAaJIbHBIM 3HaueHneM. depMeHTaTHBHAs 00paboTKa B
TEXHOJIOTUH IIPECCOBAHUS SIBIISIETCS O4eHb 3(P(EeKTHBHBIM CIIOCOOOM  yBEIUYEHHUS
KOJIMYECTBEHHOT'0 BbIX0Ja Macia. PH3UKO-XUMHUUECKHE MTOKa3aTesd o0pa3ia Macia 1ocie
(epMEHTaTUBHOM 00pabOTKM CpaBHWIM C OOpa3loOM IIPECCOBOrO parcoBOrO0 Macia.
Pe3yibpTaThl COOTBETCTBYIOT TPEOOBAaHUSIM HOPMATUBHOM TOKYMEHTALUHU. AHAIIN3 )KUPHBIX
KHCJIOT o0pa3la parcoBoro Macia TIocie (epMeHTaTHBHOH 00pabOTKM TOKa3al
YBEIMYEHHUE JIMHOJIEBOM U OJIEMHOBOW KHCIIOT (0KoJI0 3%) M JINHOJIEHOBOM — OoJiee ueM Ha
1 % mo cpaBHEHHIO C KOHTpoieM. B comepaHuu APYrHX MKHUPHBIX KHUCIOT B oOpasmax
parcoBoro mMacjia CyIIeCTBEHHBIX pa3inuuii He ObLI0. PaccunTaHo ypaBHEHHE perpeccuu
JUI 3aBHCHMOCTH BBIXOJa Macia OT KOHLEHTpauuu (epMeHTa, COlep)KaHus BJIATH B
MaTepHae Iepes MPEeCCOBaHUEM M BPEMEHH THUAPOIN3a Ha OCHOBE DKCIIEPHMEHTAIIBHBIX
JIAaHHBIX. YBEIWYEHHE KOJIMYECTBA M3BJICUEHHOIO Maciia C CEeMsH parica, KOTOpoe
MOABEPrayioch  MPEbIAYIINA  (epMeHTaTUBHOM  0OpaboOTKe,  TOKa3blBaeT,  4YTO
(bepMEHTATUBHBIA TUAPONU3 SIBISETCS O4YE€Hb S(PPEKTUBHBIM METOIOM IpeIBapUTENbHON
0o0paboTku Matepuaia mepe] mpeccoBaHueM. JloOaBineHue QepMeHTa INPOBOIUTCS B
BOJHOM  pacTBope. BbICcOkas BIaKHOCTh CeMsiH IIpu  oOpaboTKe  sIBIIsieTCs
HeOJIaronpuATHBIM (aKTOPOM C SKOHOMHYECKOH TOYKH 3PEHUs, TaK KakK CIIEAYIOIIIM
3TaroM 00pabOTKH SBJISIETCS BHICYNIMBAHHE.

BoiBonbl. OCHOBHBIMU 3aJjauyaMy HWCCIEIOBAHUS OCTAETCS YCOBEPILEHCTBOBAHHE
MeTo/Ia TPeBapUTEILHON 00pabOTKN CeMsIH, a IMEHHO: YMEHbIIICHHUE BIAYKHOCTU CEMSH B
nporecce pepMEHTaTHBHOI'O THAPONIN3A.

KuaroudeBsble cioBa: panc, ghepmenm, npeccosaniue, Maco.

YcoBepuieHCTBOBAHNE TEXHOJIOTHH MAKAPOHHBIX M3/1e/ Ui, 000ralleHHbBIX
YepHUKOIi

Taresua IN'omukosa, Oxcana babuu
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BCTyHJIeHPIe. I/ICCJ'ICZ[OBaHO HCIIOJIB30BAHHUEC YCPHUKH B TEXHOJOIMM MAaKapOHHBIX
PI3I[CJ'IPII>1 u3 XJ'ICGOHCKapHOﬁ MYKH, YTO ABJISACTCA aKTYAJIbHBIM I NOBBIMICHUA HPIHleBOﬁ
IEHHOCTHU U YCOBCPIICHCTBOBAHUA aCCOPTUMCHTAa MAaKapOHHbBIX HSI[EHHﬁ.

MaTepI/Ia.l'lbI U METOAbI. B pa60Te HCCJIICAOBAaHbl MAaKapOHHBIC UW3ACIHA U3
XHCGOHeKapHOﬁ MYKH, TTOPOHIOK YECPHUKH, HOJ'Iy‘IeHHBIﬁ HU3MCIIBYCHUCM BBIC}’IHCHHOﬁ
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yepHUKH. KauecTBO MakapOHHBIX W3JENUN OLEHHBAIM IO KOMIUIEKCHOMY IOKa3aTelro,
KOTOpBIH BKIIIOYAET MOKA3aTell BapoOYHBIX CBOMCTB, OpPraHOJENTHYECKUHE, (H3UKO-
XMMHUYECKHE TI0Ka3aTelnd M IUIIEBYIO IIEHHOCTh. CTpPYKTypHO-MEXaHHYeCKHE CBOWCTBa
Tecta ompenensuii Ha (QapuHorpade bpabenmepa. OnTuMalbHbIE TEXHOJIOTHYCCKHE
rapameTphl ONpeeNsIn MeToJioM bokca-YuscoHa.

Pe3yabraThl u 00cy:kaeHne. MakapoHHbIE H3JIENTUsI C BHECEHUEM MOPOIIKA YePHUKH B
kommuectBe 5 — 10 % Kk Macce MyKH NpUOOpeTaroT (MOJETOBBIN IBET, YAYUINAOTCS MX
BapouHble CBOWCTBA. YBEJIMYCHUE JO3UPOBKH MOPOIIKA YEpHUKH 10 15 % mpuBOguT K
MOBBIIIEHUIO KUCIOTHOCTH M CHWKEHHIO MpOYHOCTH u3nenuit Ha 30 %. UepHuuHbII
MOPOIIOK TIPHBOJAUT K CHIDKEHHUIO COZIEp)KaHUS KICWKOBHHBI M €€ THAPaTalOHHOW
CHOCOOHOCTH. DTO OOBSICHSAETCS TEM, YTO KOMIIOHEHTHI YEpHHKH IPOSBISIOT
JIETHpaTHPYIOIlee JeHiCTBE B MAaKapOHHOM TECT€ M IPEISITCTBYIOT OuonoinuMepam
MIIEHNYHOW MYKH 00pa3oBbIBaTh TecTo. [Ipu 3TOM KieKOBHHA NPOSBISIET Oojiee ypyrue
cBoiicTBa. YepHUUHBII MTOPOIIOK 0OecrednBaeT 00pa3oBaHUE METKOKPOIIKOBATOTO TECTa,
YTO CIOCOOCTBYET HEKOTOPOMY YCKOPEHHIO BBHINPECCOBBIBAHUS W3JENUI. Y CTaHOBJIECHBI
OIITHUMAaJbHBIE TEXHOJIOTMUECKHE MapaMeTphl ISl IPUTOTOBIICHNS] MaKapOHHBIX U3JEIUH C
YEPHUYHBIM ITOPOIIKOM: JTO3MPOBKa MOPOIIKa YepHUKU — 4 % K Macce MyKH, TeMIlepatypa
BoIbl Juis mpurotoBieHus tecta — 37 °C. Takas no3upoBka obecriedrBaeT oOOTralieHue
m3nenuii BuramuHoM C B konmmdectBe 2,3 Mr/100 r (B cimydae morpebienus 100 T
MaKapOHHBIX M3JIEJIUi CyTOYHAs MOTPEOHOCTh B STOM BUTAMHHE IMOKpBIBaeTcs Ha 2,6 %).

BoiBonbl.  PesynbraThl  HMCCliEOBaHWH — PEKOMEHAYIOTCS Al PacIIMpEeHUs
aCCOPTHMEHTa MAaKapOHHBIX H3JENHH, U JUETUYECKOro, BEreTapuaHCKOro, JETCKOro
MIUTaHMS, & TAKKE B CITydae MCIOIb30BaHUS MYKH, CIIOCOOHOH K ITOTEMHEHUIO.

KaroueBble cioBa: makapoHul, uepHuxa, kawecmeo, obozaujeHue.

Mpoueccbl n 060pyaoBaHME NULLEBbIX NPOU3BOACTB
CymKa KOMITIOBUIITUOHHOI' O q)HTO:)CTpOFeHHOl"O ChIPbsL

Xanna IlerpoBa, IOpuit Cuexkun, Exarepuna CinoboasHok
Hucmumym mexnuuecxou mennogusuxu HAH Yipaunvi, Kues, Yxpauna

Brenenue. ®uTodCTpOreHHBIE KOMIO3UIMK MO CBOEMY COJEPKaHHIO KOMIIOHEHTOB
OTJIMYAIOTCSI OT MOHOCBHIPBSI BBICOKMM COZEp)KaHWEeM OejiKa M HaJH4heM 3HaYUTEIIHHOIO
npoueHTta aunuaoB. [Ipu nepepabotke 1enecoodpa3Ho pa3paboTaTh PEKUMBI TOATOTOBKH
COU C TIOJHOM WHAKTHBAILlMEell aHTUIMIIEBBIX KOMIIOHEHTOB U CYIIKH C MaKCHMaJbHBIM
coXpaHeHHeM OHOJIOTMYECKH aKTUBHBIX BEIECTB.

Matepnansl u Metonbl. Ilpy TpoBEIEHWUM HCCIIEAOBAaHUI  HCIIOIH30BAIN
SKCIIEPUMEHTAJIbHBIE METOJbl C HCIIONb30BAHMEM COBPEMEHHBIX CpEICTB HM3MEPEHHs
MapamMeTpoB CYNIKH: BpPEMEHHM NPOBEACHUS ONbITa, TEMIEpaTypbl TEIIOHOCUTENS U
yYMEHBIIEHUsI Macchl Marepuana. J[is OIEeHKH KadecTBa (DYHKIMOHAJIBHBIX HPOIYKTOB
UCIIONIb30BaHbl  CTaHJAPTHBIE METOIbl HCCIEAOBAHMA C TIPUMEHEHHWEM METOJI0B
CIEKTPOCKOITHH.

PesynbraTtel m o0cy:xkmeHue. Pa3paboTaHa MOATOTOBKA COM, NPU KOTOPOH ITOYTH
TIOJIHOCTHIO MHAKTHBUPYETCSI WHTHOWTOp TpUICHHA — octaercsi 4%, TO ecTh Cielbl B
mpezienax IOTPEelIHOCTH, | TOBBIIIAETCS IepeBapuBaeMocTh Oenka 1m0 25 %.
Hcnonp3oBanuch KOMIIO3HMIIUM: COSI — MOPKOBB (00pabarhiBajiach TMIPOTEPMHYECKU) U

183

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1



—— Abstracts ——

panc-MopkoBb (0e3 THrpoTepMHuYeckoi 00paboTkm). I mpemoTBpalleHUs] OKHCICHHUS
JIUTIA0OB COM W parca WX OOBCAMHSIM C OBOIIaMu. IIpoiiecc Cymiku OMHApHOW cMecu
MPOXOAUT BO BTOpPOM THepuone. IIpogoiKHUTENbHOCTh CYIIKM MaTepualia B pPEXHUMe
tertoHocutenst 120°C yMeHbIIaeTcs MOYTH BABOE 10 CPABHEHHIO C MTPOIODKUTENEHOCTHIO
mporiecca pu 70 °C. KucnorHoe yucno yBenuuuBaercs A0 5 — 8% mpu TemmepaType
Matepuana 100 °C. Cymka pancoBoro-MOPKOBHOM CMeCH NPOHCXOAUT B MEpUOJE
Ma/IaIoIIe CKOPOCTH CYIIKH C MPEABIIYIINM IPOrpeBoM MarepHuaia. B pexume cymku t =
70 °C; V = 3,5 M/c; 6 = 10 MM MakcuMajbHas CKOPOCTh CyHIKU cocTaBisseT 11,5 %/muH.
Koneunass temmeparypa cmecu 78°C. [Ins mpemoTBpallleHHs MeENauAWHOBOM peakuuy,
KOTOpasl MPOMCXOIUT B IPOIECCE CYIIKH OEIKOBOCOAEPIKAIEr0 ChIPhSl C BBICOKHM
coJiep>)KaHUeM YTIIEBOIOB, OIpeie]ieH MaKCUMaIIbHBIN TemmepaTypHbiit mopor 60—70 °C. C
POCTOM TeMIIepaTyphl TEINIOHOCUTENSI YBEITMYUBAETCSl KUCIIOTHOE YUCIIO (TIpU TeMIeparype
70 °C no xputudeckoro ypoBHs 4,2 — 4,5%, a nmpu 100 °C Bo3pacraer A0 HENPUEMIIEMBIX
3HaueHuit 9 — 11 %).

BoiBon. Co3naHbl pacTUTENbHBIE KOMITIO3UIIMH, B KOTOPHIX MaKCUMaJbHO COXpPaHEHBI
OCHOBHBIE ITHUIIEBbIE KOMIIOHEHTHI. Pa3paboTaHbl PEXHUMBI MOATOTOBKH COM W parca K
CYIIIKE C CO3JaHMEM KOMIIO3UIUM. B pe3yibTare UcclienoBaHui BIICPBbIC OBLTH MOTYYCHBI
(uToecTporeHHble MPOAYKTHI HA OCHOBE COU M OBOIIEH, parica 1 OBOIIEH.

KoarwueBslie cnoBa: cos, panc, umoscmpozen, cywxa.

3HaueHue CKOPOCTH pe3aHus NPU U3MEJIBbYCHUH PACTUTEC/IBHBIX MATEPHAJIOB B
HHHIEBOﬁ MNPOMBINVICHHOCTH

Anuna Hleuna, Buxrop I'yup
Joneyxuii HayuoHanbHuLL YHUGEpCUMEN IKOHOMUKU U MOP206IU UMEHU
Muxauna Tyean-bapanoscrkoeo, Yxpauna

Beenenue. lccrnenoBano m 000CHOBaHO BiMsHHE (PaKTOpa CKOPOCTU pe3aHHs Ha
yrpyrue ©  (PUKIHOHHBIE CBOMCTBAa pACTUTENBHBIX MaTepHAloOB. Y CTaHOBIICHA
3aBHCHMOCTh YCHJIHMSI PE3aHHs OT CKOPOCTH pe3aHus. BbIOOp palMoHalbHBIX MapameTpoB
npoliecca 000OCHOBAaH KaueCTBEHHBIM TOKa3aTeleM H3MENIbYEHHOTO TPOYKTa.

Marepuanbl M MeTOABI. YIpyrue CBOWCTBA OBOLICH H3ydanauch MO CTaHIAPTHOU
METOJMKE CXaTheM o0pasla MeXIy JABYMS IUIOCKOIIApaJUICNIbHBIMH —I[UIACTUHAMHU.
dukcupoBanock ycunue cxatusi. OpUKIMOHHBIE CBOMCTBA ONPENEsUIMCh Ha YCTaHOBKE
JIMCKOBOTO THIIA: HCCIEIyeMblil MaTepual KOHTAKTHPOBal C BPAIIAIOUIMMCS CTalbHBIM
IUCKOM,  (UKCHpPOBAJIOCH  YyCWJIME  TpPEHUs.  YCWINS  pe3aHus  ONpelelsuIuch
TEH30METPUYECKUM CIIOCOOOM IpH BHEAPEHUH IUIACTUHYATOTO HOXKa B CJIOH Marepuaia.
CkopocTh pe3anust BapbupoBaiack B quanasone 0,4 — 2,5 m/c.

PesyabraTbl u obdcyxknenue. C yBeIMYeHUEM CKOPOCTH pe3aHMsl YIIpyTHe CBOMCTBA
MaTepHana NpOSBISIOTCS B MEHbBIIEH CTEeNeHH, YTO OOYCIJIOBJIEHO PAacHpOCTpaHEHHEM B
cnoe ympyrux nedopmarmid. B auanazone ckopocreil pesanus ot 0,4 m/c mo 2,5 m/c
MOy b YOPYTrOoCTH yMeHblaercs B 1,2 pasa.

@OpHKIMOHHBIE CBOMCTBa, XapaKTepu3yeMble KO3(DUIIMEHTOM TpEHUSs, CHIXKAIOTCS B
1,2...1,5 paza mpu yBelMUEHHH CKOPOCTH CKOJIBXeHUs map Tpenus ot 0,75 mo 2,66 m/c.
XapakTep W3MEHEHHUs] DTUX CBOWMCTB 3aBHCHT OT CTPYKTYpHOTO CTPOCHHUS Marepuala,
BJIATOCO/IEPKAHUS, KAYeCTBA MOBEPXHOCTEN KOHTAKTA, YCHIIUS MIPYKATHS Map TPEHUSL.
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VYeunuss  pe3aHHs pacTUTENbHBIX MaTepHalioB 3aBUCAT OT UX CTPYKTYpHO-
MEXaHNYECKUX CBOMCTB. YBEIHMUEHHE CKOPOCTH PEe3aHUs B MCCIEAYyEeMBIX AHMANa3oHax
Oyner crocoOCTBOBATh UX CHIDKEHHUIO B 1,4 — 2 pa3a B 3aBUCUMOCTH OT BHJA NPOAyKTa. B
CBS3M C JTUM IeJecoo0pa3sHO HCIONIb30BaTh 0OoJee BBICOKHE CKOPOCTH Ppe3aHus
pacTUTENBFHBIX MaTepHajoB B OBOLIEPE3aTENLHOM OOOPYAOBAHUHM C UEIbIO CHUKEHHS
YIENbHBIX YCUIIUH pe3aHus.

Jlns monydeHHsT Hape3KH BBICOKOI'O KadyecTBa HEOOXOAMMO YUYWTHIBATH BIMSHUE
CKOpPOCTH pe3aHMs, TOJIIUHBI HAape3KH, CTPYKTYPHBIX OCOOEHHOCTEH H3MEeNbYaeMbIX
MIPOAYKTOB.

BuiBoabl. C yueroM BiusiHHE (aKTOpa CKOPOCTH Ha YCHIIUSI PE3aHHs PACTHTENBHBIX
MaTepUasioB ONTHUMAJIBHBIM U PEKOMEHIYEMBIM [UIS MCCIeAyeMON NPOAYKIUM SBIISETCS
JIMaIia3oH OKPYXHBIX ckopocteit pesanus ot 300 1o 600 06/MuH.

Knrouesble cnoBa: pesanue, o6owu, c0ticmea, CKOpocmy, Ka4ecmeo.

MonenupoBanue mpomecca CMEIINBAHMS KUIKOI onaphbl B aninapaTe ¢ pOTOPHbIM
patounM opranom

Opuii lonomakun
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenue. B paGore ¢ mMOMOIIBIO aHATUTUYCCKOIO METOAA OIMMCAHO H3MCHCHHE
KHMHEMATHYCCKUX IMapaMeTPOB HMHTECHCHBHOTO POTOPHOIO CMECHUTEIS IMEPHOAUICCKOTrO
IeHCTBUA  JUIsl  TPUTOTOBICHUS  JKUAKMX  monydaOpukatoB  XJjeOomekapHOU
MIPOMBIIIJICHHOCTH M ONPEICICHA MOIITHOCTh, HCOOXOAMMAsI JJIs1 IIPUTOTOBJICHHS MPOAYKTA.

Marepuanbl u MeToabl. VcciienoBaH Mpolece CMEIUBAHUS KOMIIOHEHTOB JKHIKON
MIIEHWYHOM  Oomapbl  BIAXHOCThIO 65% C TOMOIIBI0O  POTOPHOTO  CMECHUTENs
nepuoauueckoro  neiictBusa. C  MOMOIIBIO  aHAJIUTHYECKOTO METOAA  OMPEICIICHBI
KHHEMAaTUICCKUE u JUHAMHYCCKHE mapaMeTphl CMECHTEJIS, TIPUMEHSS
nuddepeHIMaIbHbe  YpaBHEHUS IBWKCHUSA CPEIbl, 3alMCaHHBIC B IIMJIMHIPUYCCKHX
KOOpAWHATaX, U peHeOperast KOHBEKTHBHBIMY WICHAMHY U CHJIAMH IIPUTSHKCHUS.

Pe3yabraThl U ob6cyxknenue. B pabore mpeiokeH BBIBOJ aHAJTUTUUECKOH MOJEIH
POTOPHOT'O CMECHTEINS, @ UMCHHO: dHEPreTHUYCCKHA OanaHC JUIsl ONpeIeSiCHUS MOIIHOCTH
ero npuBoaa. HaiimeHa MOIIIHOCTB, pacxojyeMasl Ha BpalllCHHE POTOpa B JKUIKOHN omape, a
TaKk)Ke MOIIHOCTh, HEOOXOJMMas Ha MpPOJABIMBAHHUE >KUAKOH OMapbl CKBO3b KaHAJIBI
HWIAHAPHYECKOro poTopa. CpaBHEHHE STHX JBYX COCTABJISIONINX IPUBEIO K BBIBOLY O
ToM, 4TO 40 % OOIIICH MOITHOCTH PACXOIYETCs Ha BpAIlEHHE POTOpPa B 00beMe MPOIYKTa U
60 % — Ha ero NpoJaBIMBaHUE CKBO3b KaHAJIbI POTOpA.

CpaBHeHHE 3aTpaT MOIIHOCTH OT pa3MEpOB pPOTOpa YKas3bIBaeT HA TO, YTO IPHU
ckopoctH ero pamenns 100 cex”! porop ¢ pasmepamu 1/3D Ttpartur B 3,62 pasa Goblue
SHEPTUH, YeM pOTOp ¢ pasMmepamu 1/4D, torma xak porop 1/2D tparur yxke B 8,49 pasa
GoIIbILIE YHEPIUH, YeM POTop ¢ pasmepamu 1/4D. [pu yBennuernn ckopoctu 10 300 cex”’
9TH COOTHOIIEHHS cOcTaBisioT 4,14 u 9,28 pa3a coorBeTcTBeHHO. OOBACHIETCS 3TO TEM,
YTO TIPU YBEIMYCHWHM pPa3MEpOB pOTOpa YBEIMYHBACTCSA IUIOMIAJb €ro KOHTaKTa C
00pabaThIBaEMBIM TIPOJAYKTOM, YTO BJIEYET 3a COOOH BO3pAcCTaHUE COIMPOTUBIICHHUS
MIPOAYKTA BPAIIAIOMIEMYCS POTOPY.

Taxke aHAJTMTUYECKH ONpEICICHBI CKOPOCTH TMPOJAYKTa B IOTOKE, KPYTSAIIHE
MOMEHTHI, BO3HHUKAIOIIAE HA BaJly pOTOpPa, MPOAYKTUBHOCTH IO TOTOBOMY MPOAYKTY HU
HEOOXOMUMBIN HAMOpP JABJICHUS TIPU 3aJaHHOMN MPOTYKTUBHOCTH.
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AnHanuTHyeckas  (QopMyZia  COCTABIAIONIMX  MOINHOCTH MPHBOAA  IO3BOJISIET
aHAIM3MPOBATh €€ YHCIICHHOE 3HAYCHHE B 3aBUCUMOCTH OT HM3MEHEHHS CTPYKTYPHO-
MEXaHUYECKUX XapaKTePUCTUK OMaphbl, TCOMETPUICCKUX Pa3MEpPOB pabovero opraHa u ero
KHHEMATHICCKUX XapaKTEPHUCTHK.

BuiBoasl. [IpuBecHa o0Ias aHATUTHYECKAs! MOJIETb MPOIIECCa CMEIIUBAHUS JKUIKON
omapsl B POTOPHOM CMECHUTENIC OPUTMHATIBHON KOHCTPYKIHHU MEPUOTUUCSCKOrO JACHCTBUSL.
[IpeumyiiecTBO mpeIaraeMoil  MOJICIH COCTOMT B TOM, UYTO OHA YYUTHIBACT
peoNOrnYecKre CBOMCTBa 00pabaThHIBAEMOrO MPOAYKTA, YTO MO3BOJISCT CUMTAThH e Oolee
TOYHO ONHUCHIBAIOIICH MOAOOHBIC TPOIECCHI.

KiroueBble ciioBa: onapa, mecmo, cmeuwiuganue, pomop, Mooeib, MOUWHOCHb.

MarteMaTH4YeCKo€e MOAeTHPOBAHNE HEJTMHEHHBIX (DYHKIUI perpeccuu mpu
IEHTPAJILHOM KOMIIO3HIIMOHHOM IUIAHNPOBAHUH YKCIIEPAMEHTOB ¢ MPOU3BOJILHBIM
KOJM4ecTBOM (aKTOpPOB.

TatesHa 3unyenko, Slna CuBoao6oBa
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. PaccmarpuBaercsi 3aiaya IOCTPOEHHST MHOTO(AKTOPHBIX HETUHEHHBIX
(GyHKIMH perpeccuu Ui MPOU3BOJIBHOIO KOJWYECTBA (PAKTOPOB 711 IIPU HCIIOIB30BAHHU
LEHTPAIEHOT0 KOMITO3MIIMOHHOT O TuTaHkpoBaHus skcnepumenTa (LIKIT).

Matepnanbl u  Metonbl. [l  cHCTEMBI  IEHTPAIBHOTO  pOTATaOEIBHOIO
KOMITO3UIIMOHHOTO TUTAHWPOBAHUS SKCIEPHUMEHTA HCIIONB3YIOTCS METO/Ib MaTEMaTHYECKOU
CTaTUCTUKH JUISl ITIOCTPOEHUs] 0000IIeHHOro (10 KoMW4ecTBy (DakTopoB) anroputMma
pacyera KO3((HUINEHTOB MHOTO(GAaKTOPHBIX (QYHKIHMH pEerpeccud BTOPOroO IMOpsaKa, a
TaKKe METOJ] MUHMMAJIBHBIX KBaJpaToB W METOAbl JMHEWHOW anreOpbl HaXOXKICHHS
PELICHU CHCTEMBI JIMHEWHBIX pa3pEeKEHHBIX allreOpandecKix ypaBHEHHMH.

PesyabraTbl. B OonbmmHCTBE citydaB jajisi 00paOOTKH pe3yNnbTaToB 3KCIEPUMEHTOB
UCIIONB3YIOT ~OPTOTOHAJIBHYIO CXEMY HEHTPAIBbHOIO KOMITO3MIIMOHHOTO IIJIAHUPOBAHUSL.
Jis konmmyecTBa (hakTOpOB 7 KOJNUYECTBO ONBITOB MOJHOTO (DaKTOPHOTO DKCIIEPUMEHTa

cocraBisier 2" . Takoe KOJIMYECTBO OMBITOB SBISIETCS] HEOCTATOYHBIM ISl HCIIOIB30BaHUS
HEITMHEHHBIX Mojleneld MHOrogakTopHOW perpeccun B momHod Qopme. [lpemnaraercs
ucronbp3oBaTh poraradenbHyto cxemy LIKII. Ilpm sTomM KomuuecTBO OMBITOB 0e3
MMOBTOpeHMI cocTaBisier (2" +2m). Bojbplliee KOJIMYECTBO TOYEK TIIO3BOJISACT HAWTH
Oorblliee KOTHMYECTBO KOI((GHUIMEHTOB HETMHEHHOW (DYHKIIMU PErpecchy.

[MocTpoeHne HeMMHEHHBIX MozeIeld MHOro(pakTOPHOH Perpeccuu st IPOU3BOIBEHOTO
KolMyecTBa (akTopoB TpeOyeT co3/JaHHsi  CIEeNHUAlIbHBIX MaTeMaTHYHUX CpEJICTB.
Koapopuumentsr  ¢yHKIMA  perpeccuut 0 METONy MHHHMAJIBHBIX KBaJpaToB
OIIPEJICIISIIOTCSl PEUICHHEM CHUCTEMbl aireOpandeckux ypaBHeHHMH. [yt pemeHus 3Toi
3aaud TOJYYEHbl PEKyppEeHTHblE M IpsMbIe (OPMYJbl BBIYHCICHHS PO3PEKEHHBIX
ofpenenuTeneil CreuaibHOro BUIa 72— ro MOpsSaKa, KOTOpble CYHIECTBEHHO YHPOIIAIOT
3aauy HaXOXJEHUs pEUIeHWH CHUCTEM JIMHEWHBIX ypaBHEHWH  — KOI(PHUIUEHTOB
MHOTro()akTOpHBIX (YHKLUUH perpeccuu BTOpOro rmopsiika. OCHOBHBIM pe3yJIbTaTOM
SIBIISIFOTCSL 0000MIeHHbIe (POPMYINIBI BBIYHCIIEHHS KOAI(PPUIMEHTOB (GYHKIMH perpeccuut
BTOPOTr'O MOPSA/IKA, B KOTOPBIX YUYUTHIBAIOTCS KOJIIMUECTBO (PaKTOPOB U KOJIUYECTBO OIBITOB.
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BoiBoapl. Pe3ynapTaThl  MaTEeMaTH4eCKOTO  MOJCIMPOBAHUSA — MHOTO(PAKTOPHBIX
HEJIMHEHHBIX (DYHKIUN PErpeccuy peKOMEHIYETCS MCIOIb30BaTh B 3aJadaxX OMPEICICHHUS
peuenTyphl ChIphsl, HAPUMED, ISl ONTUMU3AIMH PEENTYP KOHAUTEPCKUX U3ACTHUI.

®opMynbl  BBIYHUCICHUS KO3(D(UIIMECHTOB MHOTO(pAKTOPHBIX (DYHKIMHA pPErpeccHH
BTOPOT'O TIOPSIIKA MOXKHO UCIIONB30BATh VISl MPOU3BOJILHOIO KOJIMYECTBA (haKTOPOB m TPU
WCIONB30BAHUM  IEHTPAJIBHOTO POTATAOEIBHOTO KOMITO3MIIMOHHOTO  IIAHMPOBAHHS
skcnepumenta (IIPKII) ¢ coOTBeTCTBEHHBIM KOJIMYECTBOM OIBITOB.

KnrwueBble cioBa:  oxcnepumenm, — ()akmop,  MHONMCECMBEHHASI — pecpeccus,
K03 puyuenm, onpedenumerns.

Bbe30nacHOCTb XU3HeaeAaTeIbHOCTU

MeTO)I MHUHHUMMU3AIUHA Y€JT0BCYECKOI0 q)aKTopa B JKCHIEPTHBIX CYKACHUAX IO OLICHKE
NPOU3BOACTBCHHOI'0 PUCKA H NPUHATHA pemelmii

Oner Kpyxunko, Onsra bormanosa
Hayuonanwnwiti HayuHo-uccie008amenbCKuti UHCMumym npoMululieHHOU 6e30nachocmu u
oxpanvl mpyoa, Kues, Yxpauna

Beenenue. Ilenp uccnenoBanus — CBECTH K MUHUMYMY CYyOBEKTHBHOCTH SKCHEPTHOU
METOJI0JIOTUH B OOJIACTH YNpaBJIEHHs NPOU3BOJICTBEHHBIM PHCKOM IYTEM HCIOJIB30BaHUS
HETNpeB3sATOH PHUCK-3HAYMMOW MH(OPMALUH U TEOPETHYECKH OOOCHOBAHHOTO IMPUHSTHUS
pereHui.

Martepuanbl u MeTOAbL. [IpoBeeHBI 6-JIeTHHE HAOTIOICHUS 3a CHCTEMOM YIIpaBJICHUS
OXpaHOW Tpynma TabauHod (Gadpuku. MomudUIIMPOBAHHBIA METOI MATPHIILI PHUCKOB OBLI
YCOBEPILIEHCTBOBAH 10 KOMIIOHEHTHOIO METOJa OLEHKH PHCK-3HAYMMOW HWH(OpManuH.
MeroJ, MHOTOKPUTEPHAIBHOTO aHaNIM3a pELICHWH 10 CHIDKEHUIO pHCKa ObUT YCHJICH
NpUMeHeHrneM Kputepust ['ypBuIa 7S yCIOBHI HEOTIPEeICHHOCTH.

PesyabraThl U o0cy:xkaenue. lcciemnoBanue cucTeMbl yIpaBleHUs] 0€30MACHOCTH U
oxpaHbl Tpyaa Ha Tabaunoi (abpuke (2009-2016 TT.) MPOAEMOHCTPUPOBAIH PAZHHUILY
MEeXIy Hanbojee TpaBMaTHYECKUMH (DAKTOpaMH, OIpPEICICHHBIMH OKCIEPTaMu  C
UCIIONIb30BaHUEM MOTU(PHUIMPOBAHHOTO MATPHYHOTO METO/IA OL[EHKH PHUCKOB (B YaCTHOCTH,
coJiep)KaHue BpPEIHBIX BEIIECTB, B TOM YWCJIE YPOBEHb IIyMa M IbUIM B pabodei 30HE), U
(bakTOpamMu, KOTOpbIE BHI3BAIM HECUACTHBIE CITy4aH Ha MPOU3BOJICTBE (IBMKYIIHECS YaCTH
o0opynoBaHuUs, TaJ€HHE C BBICOTHI). OTa pa3HHIA OOYCIIOBIEHA CyOBEKTHBHOU
COCTaBJISIIOLIEH B DKCIEPTHOH OleHKe. UTOObI CBECTH €€ K MUHHMYMY, ObUI NPEIOKEH
CIEIYIONIMIA aJrOpuTM OIeHKU pucka: 1. KomudecTBeHHBIH ydeT OOBEKTHBHOW PHCK-
3HAYMMON HMH(OPMALUH, IOCTYITHON Ha MNPEINPHATHH: B JONOJTHEHHE K pe3ylnbTaTaM
OLIEHKH pUCKa MOAM(UIMPOBAHHBIM MAaTPUYHBIM METOJIOM, OHA BKJIFOUAET PEKOMEHAAIHH
BHEITHEIO W BHYTPEHHEro ayauTa, [aHHble O ITOTEeHIWAIBHO OMACHBIX CIyYasX,
CTaTUCTHYECKUE NaHHbIe TpaBMatu3Mma. 2. HMHdopmanus Oblia cBemeHa K O0OIIEMY
3HaMEHaTeNr0 — 18 TpaBMaTHYeCKUM COOBITHSM, M PAacCYMTAaHO CpeIHEee MacCOBOE
pacripezieieHle pucka MO COOTBETCTBYIOIIMM KOMITOHEHTaM. 3. PHCKH, paH)XMpOBaHHbIE
KaK HeNpHeMJIEMbIE M CPEIHUE, OJDKHBI YIIPABISITHCS C IIOMOIIBI0 MEPAPXUH CHIDKEHUS
pHCKa, JJIsl 4ero SKCIEPThI B 00JaCTH OXPaHbI TPy[Aa TOTOBSIT MAacCCUB MEPOIPHUSTHI JUIs
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KaXJIOH CTyneHn wuepapxud. 4. DKCIepTHas rpynna u30upaeT Mepbl C MOMOIIBIO 5
KPUTEpHUEB U BECOBBIX KOd(uIMEeHTOB, Kpurepuid ['ypBHIa UCIOIB3yeTCs JUIs
NpeoJIoNieHusT HeompeaeneHHocTH. 5. OOOCHOBaHHBIE TakuM O00pa3oM MEpOIPUSITUS
CTaHOBSITCS OCHOBOW Ipollecca IJIAHWPOBAHHS B CHCTEME YIPAaBJIEHUS OXpaHOH Tpyda
TIPEATIPUSTHSI.

BuiBonbl. PexomeHmyeTcs HCIIOJIb30BaTh  YCOBEPIICHCTBOBAHHYIO —OKCIIEPTHYIO
CHCTEMY C MUHUMH3alWeW BIHMSHUS 4YEIOBEYECKOro (akropa B CHUCTEME YIpaBIICHHUS
OXpaHO Tpy/Ja B IMUIIEBOH ¥ TaOAYHOMN MPOMBIIUIEHHOCTH.

KnroudeBble ciaoBa: puck, oyenka, 6e30NACHOCHb,  HCU3HEOEAMENLHOCD,
CYObLEKMUBHOCIb, IKCHEPM.

OueHka yCTOIYMBOCTH KOHCTPYKIIUI MPOM3BOICTBEHHBIX 00bEKTOB
TOCTUHUYHO-PECTOPAHHBIX KOMILIEKCOB

Haramus BonomuenkoBa, Anexcanap XuBpud, Maprapura JlaGxkuHCKast
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenue. 3aBeneHHs T'OCTMHUYHO-PECTOPAHHOTO XO3SMCTBA MO crenuduke cBoen
NESITCTPHOCTH HE  SBJISIOTCA  OOBEKTAMM  TOBBINICHHOM  OMAcCHOCTH, HO TpHU
(YHIIMOHUPOBAHUM TAaKUX 3aBEICHUN MOTYT OOpa30BBIBATHCS HEONArONPUATHBIC HWIIH
HECTaHJAPTHBIC CUTYAIMH, KOTOPBIC CIEAYyeT OTHECTH K OMacHbIM. K TakuM cHTyaIusm
OTHOCSATCS B3PBIBBI M TOKAphI, BO3HUKAIOIIAE B MPOILECCE ICATEIBHOCTH YUPSKICHUH,
KOTOpBIC MOT'YT ITOBJIMATH HAa MPOHM3BOJCTBEHHBINH, OOCITY)KHUBAIOIIMNA IMEPCOHAT M / WA
MIOCETUTENEH.

Marepuanbl W MeToAbl. JIs  OLEHKM  YCTOWYMBOCTH  KOHCTPYKIMI
MIPOM3BOJICTBCHHBIX OOBEKTOB TOCTHHUYHO-PECTOPAHHOIO KOMILICKCA K BO3ICHCTBHUIO
HETaTHUBHBIX (haKTOPOB OBLIO MPOBEICHO HCCICIOBAHHME C KCIIOIh30BAHUEM METO/a,
KOTOPBIM yCTaHABJIMBACT MOPSIOK pacueTa BEIMYUHBI W30BITOYHOIO NABJICHHUS, KOTOPBIH
MOJKET CO3/1aBaThCS MPH CTOPAaHUM T'a30-TIAPO-BO3AYIIHBIX CMECEH B MPOHM3BOICTBEHHBIX
MTOMEIICHUAX BBINICYITOMSIHYTHIX 3aBEICHUM.

Pesynbratel m oOcyxnmenme. Jlnsa pacdyera 3HAYCHUN KPUTEPHUEB  B3PBIBO-
MTOYKAPOOIACHOCTH TPH CrOpaHWU TIa30-Napo-BO3AYIIHOW CMECH BBIOMparOT Haubosee
HeOJIaroNPUATHBIA BapHaHT Pa3BUTUS aBapvu (aBapUHHOW CHUTyallMd), MPH KOTOPOM B
MTOMEIICHUE MTOCTYITaeT MAKCUMAJIbHOE KOJIMYECTBO OMACHBIX BEIIECTB (CMecei).

KonudecTBo BellecTB, KOTOPBIC MOMANAIOT B IMOMEIICHHE M MOTYT OOpa30BLIBATH
B3PBIBO-TIOXKAPOOTIACHBIC Ta30-BO3AYIIHBIC M TAapO-BO3AYIIHBIE CMECH M WX THOPHUIBI,
OMpeneNsIeTcsl MPH CIACIYIONUX YCIOBUAX: MPOUCXOMUT pacueTHas aBapus (aBapuitHas
CUTYyaIMs) OJJHOT'O U3 allapaToB; BCE KOJIMYECTBO OMACHOM CMECH, KOTOPOE COACPIKUTCS B
ammapate, IOCTYIaeT B IIOMEIIEHHE; BCE KOJMYCSCTBO BEIECTB W3 TPYOOMPOBOJIOB,
YUYUTBIBAs BPEMs Ha OTKIIIOYCHUE.

HccnenoBanne MeTroma pacdyera HM30BITOYHOrO  JABICHHS, KOTOPBIA  MOXKET
00pa30BaThCS MPH CrOPAaHUM Ta30-BO3AYIIHONW CMECH, MPOBOIWIOCH IMPHU CIICAYIOIIHX
YCJIOBUSAX: B THUIIOBOM ITOMECIICHUM 3aBEJCHUS T'OCTHHUYHO-PECTOPAHHOTO XO3SHMCTBA C
HOPMAIIbHBIMH YCJIOBHSMHU TPOM3BOJCTBEHHOH cpembl  (CBOGOAHBIM 00beMoM 200 M)
MPOXOAUT TPyOONPOBOA C BHYTPEHHUM jguamMerpoM S50 MM, TI0 KOTOPOMY
tpancnoptupyercs mpoman CiHg ¢ MakcuManbHeIM pacxomoM S5x10° M/c u ¢
MakcUMalbHbIM naBieHueM 150 kl]a.
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Pacuersl mpoBOmMIHMCH IS CIydaeB:  TPYOONPOBOA  OCHAINIEH  CHCTEMOMU
aBTOMATHYECKOr0 OTKIIIOYCHHS CO BpeMeHeM cpalaThIBaHHMsS 2 C; BEPOSTHOCTh OTKa3a
cucreMsl apToMaTuku Ooinbire 0,000001 B ron, aBapuiiHOE pe3epBUPOBAHHUE €€ JICMECHTOB
He obecredyeHo, BpeMs OTKIoYeHus — 120 ¢; mpu PYyYHOM OTKIIOUYCHHH CHCTEMBI BpEMs
orkmouenus — 300 c.

BoiBoabl. [IpemiokeHHBIH MeETOJ pacyera BEJIUYMHBI HM30BITOYHOIO JABJICHUS,
KOTOPBIM MOXET CO37aBaThCs MPU CTOPAHUU Ta30-MaPOBO3AYIIHBIX CMECEH B MMOMEIICHUAX
3aBEICHUN TOCTHHUYHO-PECTOPAHHBIX KOMIUICKCOB, IIO3BOJISCT 3apaHee ONpeeisaTh
MOCJICICTBUS. BO3MOXKHBIX ~ HEOJNIArONMPUATHBIX WM  HECTAHNAPTHBIX CHTyallud U
CBOCBPEMCHHO NPUHUMATh  KOHCTPYKTHBHO-TCXHMYCCKHE  MEPOIPHATHS 10  HX
MIPEAYTPEKACHUIO I MAHUMH3AIIHH.

KnrwoueBble ciaoBa: Oasnenue, 63pvi8, YCMOUYUBOCMb, OMENb, NPOU3BOOCMEO,
besonacrnocme.
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Instructions for Authors

Dear colleagues!

The Editorial Board of scientific periodical «Ukrainian Journal of Food Science»
invites you to publication of your scientific research.

Requirements for article:

Language — English

Size of the article 8 — 15 pages in Microsoft Word 2003 and earlier versions
with filename extension *.doc

All article elements should be in Times New Roman, font size 14, 1 line
intervals, margins on both sides 2 cm.

The structure of the article:
The title of the article
Authors (full name and surname)
Institution, where the work performed.
Abstract. The structure of the Abstract should correspond to the structure of the
artlcle (Introduction, Materials and methods, Results and discussion, Conclusion)
5. Key words.
6. The main body of the article should contain the following obligatory parts:
Introduction
Materials and methods
Results and discussion
Conclusion
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).

L.‘“!\)._‘

All figures should be made in graphic editor, the font size 14.

The background of the graphs and charts should be only in white colour. The
colour of the figure elements (lines, grid, text) — in black colour.

Figures and EXCEL format files with graphs additionally should submit in
separate files.

Photos are not appropriate to use.

Extended articles should be sent by email to:
ukrfoodscience@meta.ua
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Ukrainian Journal of Food Science myOuikye opuriHaabHi HAYKOBI CTaTTi, KOPOTKI
TOB1IOMJICHHSI, OTJISIZIOBI CTaTTi, HOBHHU Ta OTJISIIH JIITCPATYPH.

Temaruka nyomikaniii B Ukrainian Journal of Food Science:

XapuoBa iHKeHepis HanorexHosorii

XapyoBa xiMmist [pouecu Ta obsaHAHHS

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHs

BrractuBOCTI Xap4OBHX MPOIYKTIB ABTOMaTH3AIlisI IPOLIECIB

SIkicTh Ta Oe3reka XapuoBUX MPOAYKTIB YnakoBKa Juisi Xap4OBHX MPOYKTIB
310poB'st

MepioguunicThb KypHaITy 2 HOMepH Ha PiK (YepPBEHb, IPY/ICHD).

PesysibpraT JOCHIKEHb, TPEJCTABICHI B JKypHaJli, NOBHHHI OYTH HOBHUMH, MaTH
3BSI30K 3 Xap4OBOIO HAYKOIO 1 MPEACTaBISATH IHTEpEC Ui MDKHAPOIHOTO HAyKOBOT'O
CITIBTOBAPHCTRA.

Ukrainian Journal of Food Science BxiroueHo 10 HAyKOMETpUIHUX 0a3:
EBSCO (2013), Universal Impact Factor (2014), Google Scholar (2013), Index Copernicus
(2014), Directory of Open Access scholarly Resources (ROAD) (2014)

Ukrainian Journal of Food Science BxiroueHo y nepenik HaykoBuX (paxoBHX BHIaHb
VYkpainu 3 TeXHIYHHX HAYK, B SKOMY MOXYTb ITyONIKYBaTUCS PEe3yNIbTaTH AUCEPTAIliHHIX
pobiT Ha 3700yTTSI HAYKOBUX CTYIEHIB JOKTOpa i kaHauaata Hayk (Hakxa3 MiHicrepcTBa
ocitu i Hayku Ykpainu Ne 793 Bin 04.07.2014)

Penensisi pykomucy crarri. HaykoBi crarti, mpeacramBieHi uis myOmikaiii B
«Ukrainian Journal of Food Science» mnpoxomsTh «mojBiiiHe ciiilie perieH3yBaHHs»
(peleH3eHT He 3Ha€, YMIO CTATTIO PEleH3YE, i, BIIIOBIJHO, aBTOP HE 3HAE PEIICH3EHTA)
JIBOMa BUCHHUMH, TPU3HAYCHUMH DPEJAKIIHHOI KOJIETi€l0: OJMH € WICHOM pPEeIKOJerii,
IHIMH — HE3aJICKHUHN YICHUH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1110 POOOTA HE € MOPYIICHHSIM OY/1b-
SIKUX ICHYIOUMX aBTOPCHKUX MpaB, 1 BIJIIKOJAOBYIOTh BUABIIIO MOPYIIEHHS JaHOI TapaHTii.
OnyOmnikoBaHi Matepiasu € npaBoBoto BiacHicTio Bumasipsl «Ukrainian Journal of Food
Sciencey, SIKIIIO HE Y3rO/KEHO THIIE.

IMoaitnka axamemiunoi etukm. Penmakiiis «Ukrainian Journal of Food Science»
KOPHUCTYEThCS TPAaBUIAMH aKaJeMiYHOI €THKH, BUKIaJgeHUMH B mipaiii Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Penmakmisi mpomoHye aBTOpaMm, peIEH3eHTaM 1 4YHhTadam
JOTPUMYBATHCS BUMOT, BUKIQJECHHX Y IIbOMY IOCIOHHKY, 00 YHUKHYTH HOMHJIOK B
o(opMIIEHHI HAYKOBUX IIpallb.
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Ukrainian Journal of Food Science

PepakuiitHa xonerisi
I'osioBHMII penakrop:

Amnarouniii Ykpainenb, 1-p. TexH. Hayk, npod., Hayionanvhuii ynisepcumem xapuosux mexmonoeii,
Ykpaina

Yiienn pemrakuiiiHoi Koserii:

Anexkcanap IBaHOB, 1-p. TexH. HayK, npod., MOruIbOBCHKHI JIepiKaBHUH  YHIBEpCHUTET
IpoaoBoNIbCTBA, Pecybnika benapycs

Anexkcanap Mamues, 1-p. TeXH. Hayk, npod., ¢imis MOCKOBCBKOrO JEpiKaBHOTO YHIBEPCHTETY
TeXHoJOorii Ta yrpasiinHs B M. Meneys, Peciy6nika bamkoprocran, Pocis

Amnaromiii CaliranoB, 1-p. €KOH. HayK, 1pod., [ncmumym cucmemnux docniodcenv ¢ AIIK HAH
benapyci

Anxeii KoBanwcki, n1-p, npod., lncmumym acpapnoi ma xapuooi exonomiku — HOYIOHATbHUL
Odocnionuil incmumym, Ionvwa

AnToHesa JIopoxoBHY, I-p. TEXH. HayK, npod., Hayionanenuii ynisepcumem xapuosux mexmonoeit,
Ykpaina

lamuna Cimaxina, a-p. TexH. Hayk, npod., Hayionanohuii ynigepcumem Xapuosux MmMexHonoeil,
Ykpaina

3anpsina JlenkoBa, 1-p, npo., Vuisepcumem xapuosux mexnonociii, m. Ilnosous, boneapis

IBan Manexuk, 1-p. TexH. Hayk, npod., Hayionanvhuii ynisepcumem Xapyoeux mMexHonoeit,
Ykpaina

JliBiy I'auey, 1-p, npod., Tpancineeancoruil ynisepcumem bpawiosa, Pymynis

Muxona CuueBCbKH, 1-p. €KOH. HayK, pod., [ncmunmym npodosonvuux pecypcie HAAH Vkpainu
Mapxk Ilamusin, kaHn. TexH. Hayk, nou., Cawnxm-Ilemepbyp3vkuii OepocasHull mexHono2iynuil
incmumym, Pocis

Ounexcanap Cepborin, 1-p.TexH. HayK, npod., Hayionanvhuil ynieepcumem xapyogux mexmonocit,
Ykpaina

Harania CxoneHko, 1-p. eKoH.HayK, Hayionanvhuil yHisepcumem xapuoeux mexuonoz2it, Yxpaina
Ounexcanap lleBuenko, 1-p.TexH. HayK, npod., Hayionanvhuii ynieepcumem xapuogux mexnonoeit,

Ykpaina
Ounena I'paGoBcbka, 1-p. TexH. HayK, npod., Hayionanvuuil ynisepcumem xap4osux mexmonocit,
Ykpaina
Onena Cojoryd, n-p. exoH. Hayk, npod., Hayionanvhuil yunigepcumem Xap4o8ux MexHon0eil,
Ykpaina

Cranka JlamsinoBa, 1-p, Pycencokuil ynigepcumem, @inis 6 m. Paszepao, Boneapis

Terssna MocTeHcbKa, I-p. €KOH. HayK, npod., Hayionanenuil ynieepcumem xapyogux mexmonoeit,
Ykpaina

Tersina [upor, x1-p. 6ion. Hayk, npod., Hayionanvnuii ynieepcumem xapuosux mexnonocii, Ykpaina
Ounexciit ['yGenst (BiqoBianbHUIA cekpeTap), KaH. TeXH. HAyK, HoL., Hayionanvhuil ynigepcumem
Xapuoeux mexnonoei, Yxpaina.
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Bumoru 10 opopMiieHHs cTaTel

Mosga cratTi — aHrJiiicbKa.

PexomennoBanuii odcsr cratri — 815 cropinok (mns orisimoBux cratedt — 20-30
cTopiHoK) popmary A4.

CraTTs BUKOHYETBCS B penakTopi Microsoft Word 2003 B dhopmari *.doc.

s Beix (1) enementiB crarti mpudt — Times New Roman, kerib — 14, inTepBan —
1, a63air — 1 cm.

CtpykTypa cTaTTi:

1. Ha3Ba cTaTTi.
2. ABtopu cratTi (iM’s Ta Ipi3BUILE NOBHICTIO, Mpukiay;: [lenuc O3epsiHKO).
3. Yemanosa, 6 sxiil suxonana poboma.
4. Awnoranis. PexomeHnoBaHMH 00csAr aHoTamii — IiB CTOPIHKH. AHOTAIlisl ITOBUHHA
BIJIMOBIIaTH CTPYKTYpi CTAaTTi Ta MicTHTH po3finu Berynm (2-3 psaxu), Matepianu i
Meronu (mo S5 psakiB), Pesymbratn Ta oOroBopeHHs (IiB cropiHku), BucHoBku (2-3
PAIKH).
5. Kirouosi cioBa, 3—5 ciiiB, ajie He CIOBOCIIONYYeHS (!).

IIynkTH 1-5 BUKOHATH aHIIiHCHKOI0, YKPATHCBKOIO Ta POCiiicbK0I0 MOBaMU.
6. OcHOBHHII TEKCT cTaTTi. Mae BKITIIOYaTH Taki 000B’SI3KOBI PO3IiIH:
Beryn
Marepianu Ta MeTOu
Pe3ysnbraTn T2 0OrOBOpEHHS
BucHoBku
e Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JIOAABaTH iHIII PO3/iNIK Ta PO30MBATH IX Ha IiIPO3/ALIH.
7. ABropceka posinka (IIpizBuie, iM’st Ta O OATHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIle
pobotH, eleKTpoHHa aapeca abo TenedoH).
8. KoHTakTHI JaHi aBTOpa, 10 SKOr0 32 HEOOXIAHOCTI Oy/ie 3BEpTATUCh PENAKIIis KypHAITY
(TenedoH Ta eNEKTPOHHA ajapeca).

Po3mip TekcTy Ha pHCyHKax NMOBHHEH OyTH cHiBPO3MipHUM (!) OCHOBHOMY TEKCTY
crarTi. CKaHOBaHI PUCYHKH HE MTPUHMAaIOThCS.

®on rpadikis, miarpam — mumie Oinuid (). Koxip enmemeHTiB pucyHKY (JIiHii, CiTKa,
TEKCT) — JIUIIIC YOPHUM (HE Cipuii).

Opurinanu pucyHkiB (daiinu rpadiuHux penaxkTopiB), a Takox ¢aiiam ¢dopmary
EXCEL 3 rpadixamu 000BsS3KOBO MOAAIOTHCS B OKpeMHX (aiinax.

dororpadii Ta KOIBOPOBi 300pakeHHs 0aXkKaHO HE BUKOPUCTOBYBATH.

CkopoyeHi Ha3zBu (I3MYHMX BEJIMYMH B TEKCTI Ta Ha rpadikax I[O03HAYAIOTHCS
JIATUHCHKUMH JIiTepaMH BiAmoBiqHo 1o cucremu Cl.

B cniicky niteparypy MOBHHHI IEpeBaXkaTu CTAaTTi Ta MOHOTrpadil iHO3eMHUX aBTOPIB,
siki omyostikoBaHi micist 2000 poky.

JleranbHi iHCTPYKIIT U151 aBTOPIB PO3MIllIEHI Ha CalTi

http://ukrfoodscience.ho.ua

CTaTTsl HAICWIAETHCSA 32 €JIEKTPOHHOIO aJIPecolo:
ukrfoodscience@meta.ua

—— Ukrainian Journal of Food Science. 2016. Volume 4. Issue 1

193



Instructions for Authors

OdopMIeHHs CNUCKY JliTepaTypu

IlocuiaHHA HA CTATTIO

ABTopu (pik Buaanusi), Haza crarri, Hazea scypnany (kypcusom), Tom (Homep),

CTOpPIHKH.

Bci enemenTy micnst poKy BUAAHHS PO3AUISIOTHECS KOMAMU.
Hpuxaagm:

Yannick Fayolle, Sylvie Gillot, Arnaud Cockx, Laetitia Bensimhon, Michel Roustan,
Alain Heduit (2010), In situ characterization of local hydrodynamic parameters in
closed-loop aeration tanks, Chemical Engineering Journal, 158(2), pp. 207-212.

Carlo Tocchi, Ermanno Federici, Laura Fidati, Rodolfo Manzi, Vittorio Vincigurerra,
Maurizio Petruccioli (2012), Aecrobic treatment of dairy wastewater in an industrial
three-reactor plant: Effect of aeration regime on performances and on protozoan and
bacterial communities, Water Research, 46(10), pp. 3334-3344.

IIpuxsiax ogopmiieHHS CTATTI, OPUTiHAJ AKOI YKPAIHCHKOI0 MOBOIO:

Pyroh T.P., Konon A.D., Skochko A.B. (2011), Vykorystannia mikrobnykh
poverkhnevo-aktyvnykh rechovyn u biolohii ta medytsyni, Biotekhnolohiia, 4(2), pp.
24-38.

3a bascanns nicist mpancirimeposanoi nazeu cmammi abo JHCypHALy 8 {PpicypHux

OYIHCKAX MOJICHA OAMU NEePeKIA) AH2IIUCbKOI0 MOBOIO }.

—

IHocni1aHHS HA KHUTY

ABTopu (pik), Hazea knuzu (kypcueom), Bunasaunrso, Micto.
Bci enemMeHTH MicCis pOKY BUIAHHS PO3IIISIFOTECS KOMaMH.

Hpuxaagm:

Harris L. (1991), Money theory, McGraw-Hill Companies, Hardcover

2. Rob Steele (2004), Understanding and measuring the shelf-life of food, CRC Press.
IIpuxaax odopmiieHHs cTATTi, OPUriHAT SIKOI YKpPaiHCBKOI0 a00 PpocilicbKO0I0

MOBOIO:

1. Donchenko L.V. (2000), Tekhnologiya pektina i pektinoproduktov, Deli, Moscow

2. Kirianova H.A. (2008), Udoskonalennia tekhnolohii termostabilnykh zheleinykh
nachynok shliakhom ratsionalnoho vykorystannia hidrokoloidiv roslynnoho ta
mikrobnoho pokhodzhennia: PhD tethis, NUHT, Kyiv.

3. Zalutskyi I.R., Tsymbaliuk V.M., Shevchenko C. H. (2009), Planuvannia i diahnostyka

diialnosti pidpryiemstva, Novyi svit, Lviv.

3a bacicannsn nicis mpanciimepoganoi HA36U KHUSU 6 {pieypHux OYHCKAX MONCHA

oamu nepexiad aHiiticbko MOBOI0}.
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IMocunanHs HA eJIEKTPOHHUI pecypc

BukoHyeTbCsl aHaIOTi4HO TTOCHIIAHHIO Ha KHUTY a00 crartio. [Ticis opopmieHHs
JTAaHUX Mpo MyOIiKamilo MUIIyThCs cinoBa available at: Ta BkasyeThcst eneKkTpoHHa ajapeca.

HpI/IKJ'IaZ[ MTOCHJIAHHS Ha CTATTIO 13 CJICKTPOHHOI'O BUJIaHHA:

1. Barbara Chmielewska. (2012), Differentiation of the standard of living of families in
countries of the European Union, Ukrainian Food Journal, 2(2), pp. 230-241,
available at:
http://ufj.ho.ua/Archiv/UKRAINIAN%20FOOD%20JOURNAL%202013%20V.2%20
Is.2.pdf

2. (2013), Svitovi naukovometrychni bazy, available at:
http://www1.nas.gov.ua/publications/q_a/Pages/scopus.aspx
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