Manufacturing technology problems

Scientific and Technical Journal
Namangan Institute of
Engineering and Technology

INDEX (—\@ COPERNICUS
I N T E R N A T I O N A L
olume 11 =
Issue 1 Google B>
2026 a Sc glar 4 Crossrefd \r\ Scientific library of Uzbekistan



1-ilova

NamMTI ILMIY-TEXNIKA JURNALI TAHRIR HAY’ATI A’ZOLARI

Bosh muharrir: f-m.f.d., prof. 0.0. Mamatkarimov

Bosh mubharrir o’rinbosari: k.f.d., prof. O.K. Ergashev

TEXNIKA FANLARI (PAXTA, TO’QIMACHILIK VA YENGIL SANOAT)

1. Prof. Dr. Metin COLAK

2. Prof. Dr. Suneel KATERIYA
3. Prof. Dr. Muradov RUSTAM
4. Prof. Dr. Obidov AVAZBEK
5. Prof. Dr. Maxkamov ANVAR
6. Prof. Dr. Azizov SHUXRAT
7. Dr. Qorabayev SHERZOD

Ege Universiteti, Turkiya

Javoharlal Nehru Universiteti, Hindiston
Namangan To’qimachilik Sanoat Instituti
Namangan Muhandislik-Texnologiya Instituti
Namangan Muhandislik-Texnologiya Instituti
Namangan Muhandislik-Texnologiya Instituti
Namangan Muhandislik-Texnologiya Instituti

TEXNIKA FANLARI (QISHLOQ XO’JALIGI VA OZIQ-OVQAT TEXNOLOGIYALARI)

Prof. Dr. Sakina BINTU ABDULLAH
Prof. Dr. Abdalova GULISTAN

Prof. Dr. Xudayberdiyev ABSALOM
Prof. Dr. Merganov AVAZXON
Prof. Dr. Sherquziyev DONIYOR
Prof. Dr. Qanoatov XAYRULLO
Prof. Dr. Mamatov SHERZOD

NG UL s o I

Malaya Universiteti, Malayziya

Taraz davlat universiteti, Qozog'siton
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Toshkent shahridagi Vebster Universiteti

TEXNIKA FANLARI (MEXANIKA VA MASHINASOZLIK)

Dr. Jaclyn SHARP

Prof. Dr. Aleksey KAZINSKY

Akad. Prof. Zaynobiddinov SIROJIDDIN
Prof. Dr. Usmanov PAZLITDIN

Prof. Dr. Matkarimov PAXRIDDIN

Prof. Dr. Sharibayev NOSIRJON

Prof. Dr. Erkaboyev ULUG’BEK

BB U

Pittsburg Universiteti, AQSH

Saratov davlat texnologiya universiteti, Rossiya
Andijon Davlat Universiteti

Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti
Namangan muhandislik-texnologiya instituti

KIMYO FANLARI (KIMYO VA KIMYOVIY TEXNOLOGIYALAR)

Prof. Dr. Abel SANTOS

Prof. Dr. Junli YANG

Akad. Prof. Namazov ShAFOAT
Prof. Dr. Botirov ERKIN

Prof. Dr. Akbarov HAMDAM
Prof. Dr. Nurmanov SUVANKUL
Prof. Dr. Salihanova DILNOZA
Prof. Dr. Kattayev NURIDDIN
Prof. Dr. Sultonov PO'LATJON

00 N oy O g TR e

Porto Universiteti, Portugaliya

Lanzhou kimyoviy fizika instituti, Xitoy

O’zR FA Umumiy va Noorganik Kimyo instituti
O’zR FA O’simlik Moddalar Kimyosi Instituti
O'zbekiston Milliy Universiteti

O’zbekiston Milliy Universiteti

OzR FA Umumiy va Noorganik Kimyo instituti
O’zbekiston Milliy Universiteti

Geologiya fanlari universiteti

TA’LIMDA ILG’OR PEDAGOGIK TEXNOLOGIYALAR

Prof. Dr. Paul TIKALSKY

Dr. David Leffler

Prof. Dr. Wen-Jian ZHANG
Prof. Ergashev ShARIBBOY
Prof. Dr. Musayev JAHONGIR
Prof. Dr. Eshbayeva ULBOSIN
Prof. Dr. Xoshimova DILDORA

@9 =

Mgy o

Oklahoma Davlat Universiti, AQSH

Liberty Universiteti, AQSH

Zhejiang Universiteti, China

Namangan Muhandislik-Qurilish Instituti
OFIV

Namangan Muhandislik-Texnologiya Instituti
Namangan Muhandislik-Texnologiya Instituti

. IQTISODIYOT FANLARI

Dr. Biral MERCAN

Dr. Orsolya KATONA

Prof. Dr. Soliyev AHMADJON
Prof. Dr. Saidboyev ShERMIRZA
Prof. Matkarimov KAMOLIDDIN
Dr. Bustonov MANSUR

7. Dr. Rashidov RAKHMATILLA

Sy g D2k

Necmettin Erbakan Universiteti, Turkiya
Miskolc Universiteti, Vengriya
Namangan Muhandzslzk Texnolog1ya Instztutz

Namangan

Namangan {M

XN VN

A. Tursunov, O.R. Qodirov (mas’ul muharigysz.0 = }"




Scientific and Technical Journal of NamIET

STUDY OF THE EFFICIENCY OF USING
CRYOPROTECTORS ON THE RHEOLOGY OF THE TEST

ALIYEVA GULNOZA

DSc student, Namangan State Technical University, Namangan, Uzbekistan
Phone.: (0897) 570-7030, E-mail.: aliyevagulnoza94@gmail.com
*Corresponding author

KANOATOV XAYRULLO

Professor, Namangan State Technical University, Namangan, Uzbekistan
Phone.: (0897) 335-8086, E-mail.: kanoatov8086@mail.ru

Abstract: One of the ways to improve the efficiency of the process of long-term storage of bakery products is the use of
freezing of bakery semi-finished products and / or finished products . The aim of the study was to study the efficiency of using
plant raw materials in the form of cryoprotects. The efficiency of using plant additives (persimmon powder, plantain powder,
pectin), which are waste or by-products of the food industry in the form of cryoprotects to improve the rheological properties of
dough and finished products is shown. The article presents the results of a study of the effect of pectin-containing persimmon
powder and powder plantain which contains mucus as a cryoprotectant on the rheological properties of dough and
physicochemical indicators of bread quality. The obtained data allow us to recommend pectin in the technology of bread from
frozen semi-finished products.

Keywords: freezing, vegetable raw materials, flour, cryoprotectant,, persimmon powder, plantain powder, pectin, mucus,
dough semi-finished products, bread.

Introduction. In the last decade, rapid freezing has established itself as an industrial
method for long-term preservation of frozen bakery semi-finished products and finished
goods in economically developed countries. Freezing is the oldest and most effective
method of preserving food products.

In Uzbekistan, new technologies based on freezing of semi-finished bakery
products are being intensively developed; they are most quickly used in small businesses,
retail chains and the HoReCa segment (hotels, restaurants, cafes), since these technologies
are more flexible compared to traditional ones, which is very convenient for small-scale
enterprises.

The sale of baked goods from frozen dough is carried out mainly through hot
baking points: at metro stations, near educational institutions, in hypermarkets. The use
of frozen bakery semi-finished products allows to expand the range and ensure high
quality of finished products, which is the main task of the bakery industry [ 1, 2, 6].

The adoption of such a decision is due to the modern pace of life, in connection with
which consumers of bakery products have a need for semi-finished products that can be
prepared without much time expenditure [ 3,4, 5 ].

In economically developed countries, the use of such semi-finished products is
becoming more widespread, as evidenced by the works of foreign scientists A. Basaran,
E. A. Elhady, Pablo D. Ribotta , SM Van der Sluis [8, 9, 10, 11, 12].

The authors Jingjie Yang et al. studied the effects of freezing rate and frozen storage
duration on the rheological properties and protein structure of unfermented dough.
Samples were frozen at —40 (0.149 ° C /min), -30 (0.086 ° C /min), and —20 ° C (0.039 ° C
/min) and stored at —18 ° C for 30 days. Freezing at —40 and -30 ° C resulted in minimal
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changes in the rheological properties of unfermented dough. In addition, freezing at —40
° C resulted in higher maximum creep compliance (J mx ) and lower zero-shear viscosity
(1 0). Macropolymer content glutenin (GMP) gradually decreased throughout the storage
period, while the content of free thiol groups (-SH) increased significantly, especially for
samples frozen at —20 ° C. Fourier transform infrared (FTIR) spectroscopy showed that
slower freezing rate and long storage resulted in a significant decrease in the proportion «
- spirals and a noticeable increase in the share 5 - sheets and random spirals. The gluten
network was severely damaged by slower freezing rates, but was relatively intact in
frozen dough samples at -40 and -30 ° C [ 13 ].

Utah Fimolsiripol et al. investigated the effects of freezing and temperature
variations during frozen storage on the quality of frozen dough and bread. Storage
regimes were selected and designed to simulate good or bad practices likely to occur in
the cold chain (#0.1°C, £1°C, +3 °C or +5 °C ). Quality changes and dough weight loss
were measured for both constant and variable frozen storage conditions. Quality was
assessed as CO2 production rate , yeast viability, bread specific volume and crumb
hardness compared to fresh dough. Both the freezing process and subsequent frozen
storage had a significant effect on all quality parameters. Dough weight loss and crumb
hardness increased with increasing storage time. The rate of CO2 production decreased
with increasing storage period, however constant storage conditions (-18 + 0.1 °C) and
good temperature control (-18 + 1 °C) did not produce a significant difference in the rate
of CO2 production . v for 112 days after freezing. Large temperature fluctuations during
frozen storage (18 + 5 °C) and storage at higher temperatures (combination of =18 °C,
-13 °C and -8 °C) resulted in significantly faster loss of dough and bread quality than
storage at constant and/or lower temperatures.[14]

The production of frozen semi-finished products allows you to control the safety
and quality of products, quickly respond to market changes, the costs of transporting
finished products are significantly reduced, it is possible to increase the network of
bakeries at the points of sale, due to the possibility of using a minimum amount of
equipment.

However, there are a number of reasons that prevent the rapid introduction of new
progressive technology into the industry. During the freezing of dough semi-finished
products, denaturation and aggregation of proteins occurs, causing the loss of functional
properties, yeast cells die due to the formation of ice crystals. It should also be noted that
when freezing dough, dough, dough pieces, moisture is lost. Therefore, freezing of
dough, dough, dough pieces in bread and bakery technology, in production is carried
out with the addition of various cryoprotects.

The use of various cryoprotects is known , for example, enzyme preparations with
glucoamylase (FP-GA) and hemicellulose (FP-GC) [3], enzyme-modified lecithin "Solek-
K-EML" or the use of whipped frozen semi-finished products [5, 7].

Addition of cryoprotects during freezing allows to reduce or prevent protein
denaturation. The mechanism of cryoprotection by low-molecular carbohydrates is
confirmed by the studies of J. Park and T. C. Lanier . They proved that addition of sugars
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(lactose and glucose) to an aqueous solution of proteins led to an undesirable
spontaneous change - stabilization of the solution in isolation from the surface of the
hydrated protein. Among the substances with the property of water-retaining capacity,
pectin is of interest, which is used in the food industry in confectionery production as a
gelling agent . Considering the complex of positive properties of pectin, it was decided
to use it for a new purpose, as a cryoprotection in the production of frozen semi-finished
bakery products. Based on the above, the purpose of the work was formulated and the
tasks of the study were determined.

The aim of our research was to develop scientific and practical recommendations
on the technology of bread from frozen semi-finished products by studying the patterns
of change in the rheological properties of dough, biochemical processes of semi-finished
products, physicochemical indicators of the quality of finished products using plant
materials as a cryoprotectant.

Let us dwell in more detail on the choice of the main raw materials and
technological features of production, frozen at different stages of readiness of semi-
finished products.

The most important component in the production of frozen semi-finished products
for a bakery is the choice of flour. The baking properties of flour used in deep-freeze
technology must be higher than those of flour suitable for traditional dough making
methods : dry protein content of 9-11%, deformation energy W of at least 250, P/L =1
(elasticity to extensibility ratio according to the alveograph ), water absorption of 55-60%,
dough stability of at least 10 min (according to the farinograph ). The enzymatic activity
of flour must be low (NP =300 sec according to Hagberg ). The content of damaged starch
must be low. For sugar- and fat-free products, it must not exceed 8% (according to the
Odiid method).

During quick freezing, as well as during storage of frozen dough products, the
gluten framework experiences a negative impact of cold on its rheological characteristics.

The key issue in the technology of deep freezing of dough is the problem of survival
of yeast cells during freezing, storage at sub-zero temperatures and subsequent
defrosting. Dry yeast should not be used if the shelf life of frozen semi-finished bakery
products exceeds 4 weeks. For the production of frozen semi-finished dough products
with a shelf life of more than 2 months, it is recommended to use only pressed yeast and
in an increased dosage - 8% for frozen semi-finished products with a shelf life of up to 3
months and 10% - with a shelf life of 6 months. Do not forget that for the production of
frozen products it is necessary to use the freshest yeast possible (no more than 2/3 of the
shelf life declared by the manufacturer), which has not had time to use up its reserve
sugars during storage.

Also, when mixing the dough, you need to take into account the main tasks such as:

e  obtaining cold dough +16-20 °C (+12-16 °C — when cutting on automated lines)
to slow down the start of fermentation (this is important for maintaining the viability of
yeast after storing frozen semi-finished dough products);
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o the dough should have a slightly denser consistency for better dimensional
stability during defrosting.

To ensure the above parameters, the following measures must be taken:

o use of “liquid ice”, ice water, partial (up to 80%) replacement of water with ice
chips (depending on the temperature of the raw material and the environment);

o if possible, use chilled raw materials (some companies store flour at low
temperatures specifically for this technology, and also use specialized equipment to cool
the flour before feeding it for mixing);

e  air conditioning in the workshop (+16-18 °C);

e increase the duration of kneading at the second speed by 2-4 minutes relative
to kneading for the direct method of making products. This is due to the fact that the
optimum swelling of proteins lies in higher limits than the temperature of the dough
being kneaded, and to obtain a stable result, it is necessary to improve the gas-holding
capacity of the gluten framework. In addition, when using crushed ice, more time is
required to bind the ingredients.

If the mixed dough has a temperature higher than recommended, and the ambient
temperature is +24 °C or more, then before cutting (and especially laminating) the dough
must be placed in a cooling room or even in a shock freezing chamber until it reaches
+10-12 ° C. In the case of working with butter, the requirements become even more
stringent: in the absence of an air conditioning system in the workshop and provided that
the dough is “warm”, it is advisable to pre-cool it to 0+4 °C.

Fermentation as such should be absent and represent only a relaxation of the dough
before final shaping.

dough should be kept in a refrigerator.

If we are talking about puff yeast products, then it is not recommended to round
the pieces of dough intended for layering. On the contrary, the dough must first be rolled
out to a thickness of 5-7 cm and sent for resting at +4 °C. This will allow the dough to cool
evenly throughout its thickness, as well as relieve tension from the gluten framework.
Often, at enterprises, in the same refrigeration chamber, the pieces of dough are rested
before layering and the already layered dough is cooled. With constant opening and
closing of the doors of the common refrigeration chamber, the temperature conditions
are violated. In this case, the dough awaiting layering is not cooled, but continues to
ferment and heat up. Therefore, it is advisable to provide separate chambers for resting
the kneaded and already layered dough. It is also worth considering the required number
of shelves for cooling, so that portions of dough are not "stacked" on top of each other
and, as a result, their uneven cooling.

Deep freezing is the main stage in the technology of manufacturing frozen semi-
finished products from puff pastry and others. For the freezing process, shock freezing
chambers of various types are used - depending on the volume of production: dead-end,
tunnel or spiral. It is important that all the necessary parameters are met to ensure the
quality of the final product.
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The presence of air circulation in the shock chamber together with the optimally
low temperature ensure the necessary kinetics of freezing of the dough piece. The
duration of freezing of the dough semi-finished products should ensure a temperature in
the center of -8-14 °C. The process will also depend on the semi-finished product itself,
its shape and size. The larger the specific surface of the workpiece, the more optimal the
freezing process is (it is recommended to make loaf-shaped workpieces weighing no
more than 300 g, and roll out larger pieces of dough into a layer).

The freezing speed also depends on the product recipe. The presence of sugar
reduces the crystallization temperature of water, i.e. its transition from a liquid to a solid
state will occur much later compared to a dough piece made from simple dough. Rapid
freezing with a freezing speed of 1 °C/min is the most optimal, which is ensured by air
circulation in the chamber at a speed of 4 m/sec at a temperature of -35°C.

Due to such freezing dynamics, the loss of yeast activity and gas-holding capacity
of the dough due to microdamage to the gluten by ice crystals is minimized. For the
freezing process, various types of shock freezing cabinets are used: dead-end, continuous
tunnel or spiral - depending on the volume of production.

When choosing a shock freezer, you need to:

e in the technical specifications, indicate not only the weight of the frozen
product, but also the weight of the inventory (sheets, carts);

o to clarify the system for defrosting the chamber when the ice layer builds up
(automatic, cyclic, manual) to optimize the process of manufacturing frozen dough semi-
finished products.

One of the factors that negatively affects the quality of finished products is
dehydration. In cold air and low humidity conditions, products tend to lose moisture.

Therefore, the quality of packaging must meet a number of requirements related to
certain functions.

Packaging materials must have the following properties:

e  moisture and air impermeability;

e  softness (not hardness) and cold resistance;

. ease of hermetic sealing;

e  puncture and stretch resistance.

The materials most often used for storing frozen semi-finished dough products
include:

e OPP (oriented polypropylene): more transparent, has a glossy surface, is less
permeable to oxygen, is more resistant to heating; compared to low-density polyethylene
(LDPE), it has almost double the tensile strength;

o LLDPE (linear LDPE): compared to LDPE, it has higher tensile and puncture
strength (perforation resistance), higher abrasion resistance, which ensures the strength
of the joints. However, it is less transparent and is somewhat more expensive;

o  Coextruded films. For example, EVA ( ethylene vinyl acetate and LLDPE) or
LLDPE and HDPE (high-density polyethylene).
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Frozen semi-finished bakery products are first packed in a polyethylene bag with a
heat seal or plastic tie, then in corrugated boxes . It would be ideal to provide for a
combination of a shock freezing chamber with a chamber for packing and storing frozen
products, so as not to interrupt the cold chain.

Storage temperature —18-20 °C. As discussed above, the dough recipe includes
substances such as salt and sugar, which reduce the crystallization temperature of water,
i.e. water freezes not at -3-4 °C, but at —-12-14 °C. Consequently, at a temperature of -18-
20 °C in refrigerated chests, product stability will be ensured (provided that the
packaging is optimally selected).

The shelf life of the products will depend on the quality of the raw materials, the
recipe (it is not recommended to store dough semi-finished products, the recipe of which
includes butter, for more than 3 months due to its tendency to transform taste and aroma),
compliance with the standards of the production process and can range from several days
to several months.

During transportation, the cold chain must not be interrupted under any
circumstances. Due to the fragility of the products, there is a high risk of damage to the
products, so the transport packaging must ensure the safety of the products.

Defrosting must be gentle, as the phenomenon of crystal "growth" may occur, which
causes damage to the membranes of yeast cells. Currently, various defrosting methods
are used.

The most common is defrosting in a final proofing cabinet. From the point of view
of the quality of finished products, it is considered the worst, even at a relatively low
temperature in the cabinet (up to +30 °C). The surface layer of the dough piece is " over-
proofed ", which negatively affects the quality of the finished products.

The most modern and optimal method of defrosting frozen dough products
involves the use of programmable final drying cabinets. proofing — programmable
defrosting.

The first phase of defrosting is carried out at a temperature of 0 °C. In this case, the
water gradually passes from a solid state to a liquid one, and until the moment of yeast
activation (uniform proofing throughout the entire volume of the product), which
reduces the effect of moisture condensation on the surface of the products. During the
second phase of defrosting, the temperature slowly rises from 0 °C to +20 °C and above.
With this method, it is important to ensure optimal humidity in the final product cabinet.
proofing.

And finally, the third method, the most correct in the absence of specialized
programmable chambers, is defrosting at room temperature followed by proofing in a
final proofing cabinet. This method produces fewer defects compared to the first, but it
is worth remembering the risk of weathering of the dough pieces during defrosting.
Therefore, the recommended duration of defrosting in the workshop is 30-40 minutes.

Rotary or convection ovens are usually used for baking. The main feature of baking
is a slightly shorter duration in order to limit the rapid darkening of the blanks due to the
presence of a larger amount of fermentable sugars.
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For dough subject to freezing, three fundamental factors are important: gas
formation, gas retention , and rheological properties of the dough, since exposure to low
temperatures results in a decrease in gas formation, a decrease in gas retention capacity,
and a decrease in the rheological properties of the dough [15].

To correct and maintain optimal data of the listed factors, cryoprotectors are used -
substances one of the properties of which is the ability to retain moisture, such as fructose,
sorbitol, and so on.

Since pectin has water-retaining, water-binding capacity, we decided to use it in the
technology of bread from frozen semi-finished products, as a cryoprotection and at the
same time as an improver - surfactants (surface-active substances) of anionic action [3, 4].
It is also necessary to note such important properties as complex formation and
radioprotective properties, which is very important in modern conditions. In this regard,
the goal of the study was determined - to develop scientific and practical
recommendations on the technology of bread from frozen semi-finished products by
studying the patterns of change in the rheological properties of dough, biochemical
processes of semi-finished products, physicochemical indicators of the quality of finished
products using pectin as a cryoprotection.

Kenyaz N.V. studied the influence of various cry protectors on the rheology of the
dough using cry protectors (pectin, sorbitol, fructose) on the physical properties of the
dough [15].

In the work of Gerasimov A.A. the influence of the influence of betaine on the
rheological properties of dough, quality indicators of finished products and activity of
yeast cells at different storage periods of frozen dough pieces produced using betaine
was investigated. It was established that the use of betaine increases the height of dough
rise on the 1st, 7th, 14th and 30th days of storage and increases the amount of carbon
dioxide retained in the dough without reducing the total amount of carbon dioxide
released during fermentation relative to the control sample over the entire storage period.
The use of betaine is recommended to improve the quality of finished products in
technological chains designed for storage periods of frozen semi-finished products up to
30 days [16].

To achieve the goal set in the work at the initial stage of research, the effect of pectin
on the rheological properties of the dough was studied in comparison with other
substances used as a cryoprotectant , such as fructose and sorbitol.

Methodology & Empirical analysis. The rheological properties of dough with the
use of cry protectors were studied on a Brabender farinograph. The physical properties
of dough are important in the process of kneading, cutting and baking. In the experiment
on the effect of cry protectors on the physical properties of dough, options were included
with the introduction of cry protectors in dosages of 0.5; 1.0; 1.5; 2.0% of the flour weight.
The sample without the addition of additives served as a control. Premium wheat flour
was used in the studies. Data analysis showed that the use of pectin when kneading the
dough leads to an increase in the WAC (water absorption capacity) of the dough in all
experimental options compared to the control. It should be noted that the addition of
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pectin leads to an increase in the dough kneading time. The formation time and stability
of the dough increased from 8.5 min in the control to 10 min when pectin was added to
the dough at a dosage of 1.5%.

Results. The velocimetric assessment in all variants with pectin was higher in
comparison with the control by 8 units. When adding sorbitol and fructose in the same
dosages, the rheological properties of the dough were lower in comparison with the
variant where pectin was added during dough kneading by 8 and 14 units, respectively.
Analysis of the results obtained on the farinograph device allowed us to conclude that
the WPS in variants with the addition of pectin increases due to the ability of the carboxyl
groups of pectin to retain water, which is a positive factor when freezing dough pieces.
Improvement of the structural and mechanical properties of the dough is associated with
the strengthening of the gluten frameworks due to the interaction of hydroxyl and free
carboxyl groups with the amino groups of gluten proteins, due to conformational
changes in the protein molecule, leading to a more “dense packing”, and also due to the
ability of methoxylated carboxyl groups to converge in an aqueous medium, with the
formation of polymer chains of pectin, which is of considerable importance in the
technology of frozen semi-finished products [15 ].

The main indicator of flour baking properties is the "flour strength" indicator, which
was determined using an alveograph . The experiment used previously accepted dosages
of cry protectors. The data obtained are presented in Table 1.

Table 1. Changes in rheological parameters of the test when adding cryoprotectants

Indicator The value of test indicators when adding cryoprotectants in dosage, %
Control (0) 0.5 1.0 1.5 2.0
Pectin

The power of flour, e.a. 227 235 245 247 258
Maximum excess pressure, 71 70 83 95 103
mm

The ratio of elasticity to 0.70 0.7 1.01 1.40 1.56
extensibility (P/L)

Persimmon powder

The power of flour, e.a. 230 234 245 255 2 66
Maximum excess pressure, 71 69 80 93 100
mm

The ratio of elasticity to 0.70 0.68 0,91 0,97 1,53
extensibility (P/L)

Plantain powder

The power of flour, e.a. 232 236 247 253 268
Maximum excess pressure, 71 68 89 96 103
mm

The ratio of elasticity to 0.70 0.69 1.02 1.42 1.54
extensibility (P/L)
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The conducted studies on the effectiveness of using plant raw materials as cry
protectors show that they are superior to currently used cry protectors, such as pectin, in
terms of dough formation time and stability. In the case of adding pectin-containing
persimmon powder, dough liquefaction occurred, and when using plantain powder,
which contains mucous substances, 1.3 minutes later compared to pectin in dosages of
1.0; 1.5%.

The flour strength index was also higher when adding plant raw materials as a
cryoprotectant compared to pectin. Improvement of dough rheology when adding
pectin-containing persimmon powder during kneading occurs because pectins and
sugary substances, as well as polysaccharides, including mucus in the composition of
plantain powder, form a strong framework due to the convergence of hydrophobic
methoxy groups in an aqueous medium, and free carboxyl groups dissociate into ions
that interact with -NH3+ groups on the surface of the protein, since pectins are surface-
active compounds and thus improve the structural and mechanical properties of the
dough.

Conclusions. One of the most promising proposals for technologies of delayed
baking from frozen dough that retains enzymatic activity is the use of processed plant
materials as a cryoprotectant. As a result of the conducted studies, it was established that
the use of persimmon powder and plantain powder as an ingredient that protects yeast
cells from various types of stress encountered in baking technologies can be implemented
as the development of new technological solutions. Fundamentally, they are considered
as a potential ingredient of wide functionality for various areas of the food industry.

References

1. Grgurich, T. How did the crisis affect consumer demand for frozen semi-finished
products? [Text] / T. Grgurich // The world of ice cream and quick-frozen products. - 2010.
- No. 5. - P. 38-39.

2. Far mill “Frozen” solutions for your business [Text] / Far mill // Bread products.
- 2011. - No. 9. - P. 38-39.

3. Kitissu , A. P. Development of technology for quick-frozen dough semi-finished
products after proofing [Text]: dis . ... candidate of technical sciences: 05.18.07, 05.18.04 /
Kitissu Akoete Paul. - St. Petersburg, 2009. - 163 p. RSL OD 61 10-5/643.

4. Krutskikh , S. N. Development of technology for the production of whipped flour
products from frozen semi-finished products [Text]: dis . ... candidate of technical
sciences: 05.18.01 / Krutskikh Sergey Nikolaevich. - Voronezh, 2008.- 200 p. RGB OD 61
09-5/316.

5. Kudryavtsev, V. A. Development of technology for frozen custard bakery semi-
finished products [Text]: dis . ... candidate of technical sciences: 05.18.07, 05.18.04 /
Kudryavtsev Valery Aleksandrovich. - St. Petersburg - 2010.203 p. RGB OD 61 10-5/2557.

6. Matveeva, I. Biotechnological solutions for the production of frozen semi-finished
products and bakery products [Text] / I. Matveeva , D. Gazzola , S. Strakhan // Bread
products. - 2011. - No. 9. - P. 30-32.

T —
81

Vol. 11, Issue 1 Www.niet.uz
2026




NamdTI
ILMIV-TEXNIKA

\®

Scientific and Technical Journal of NamIET

7. Ponomareva, E. I. Scientific and practical foundations of the technology of
functional bakery products using whipped semi-finished products [Text]: diss . ... dr . t
ex. Sciences: 05.18.01 / Ponomareva Elena Ivanovna. - Moscow. 2009.- 475 p. RSL OD
61:05-19/531.

8. Basaran, A. The effects of bow mixing temperature on dough rheology and bread
properties [Text] / A. Basaran, D. Gocmen // Eur. Food Res . and Technol . 2003. -No. 2.-
P.138-142 .

9. Elhady, E. A,, Elsamahy S. K., Seibel W., Brammer J. M. // Cereal Chem , 1996.-
73, No. 4.- P. 472-477.

10. Ribotta Pablo, D. Effect of freezing and frozen storage of doughs on bread
quality [Text] / Pablo D. Ribotta, Alberto E. Leon, Maria Cristina Anon //J.Arg . and Food
Chem.- 2001,- No. 2.-P. 913-918.

11. Ribotta Pablo, D. Effects of yeast freezing in frozen dough [Text] / Pablo D.
Ribotta , Alberto E. Leon, Maria Cristina Anon // Cereal Chem. - 2003. - No. 4, - P. 454-
458.

12. Van der Sluis , SM Cooking and freezing simulation of bakery products [Text] /
Cold Chain Refrig . Equip, by Der.: Proc. Meet. commis . Bl , B2, DI, D2/3, Palmerston
North (NZ), Nov. 15-18, 1993 / Int. Inst . Refrig.-Paris , 1993.- P. 249-256,- P.2 57-259.

1 3. Jingjie Yang, Bo Zhang, Yingquan Zhang, Mohsin Rasheed , Shuqin Gu, Boli
Guo Effect of freezing rate and frozen storage on the rheological properties and protein
structure of non-fermented doughs / Journal of Food Engineering. Elsevier: Volume 293,
March 2021.

14. Yuthana Phimolsiripol , Ubonrat Siripatrawan , Vanna Tulyathan , Donald J.
Cleland Effects of freezing and temperature fluctuations during frozen storage on frozen
dough and bread quality // Journal of Food Engineering . Volume 84, Issue 1, January
2008, Pages 48-56.

15. Kenijz N.V. Development of technology for bread from frozen semi-finished
products using pectin as a cryoprotector : dis . ... Cand. of Engineering Sciences: 05.18.01
/ Kenijz Nadezhda Viktorovna. - Voronezh, 2013. - 163 p.

16. Gerasimov A.A. Betaine as an ingredient for improving the quality of frozen
dough semi-finished products / A.A. Gerasimov, N.V. Barakova , R.M. Melchakov //

17. International Research Journal. - 2023. - No. 6 (132) . - URL: https://research-
journal.org/archive/6-132-2023-june/10.23670/IR].2023.132.44 (date of access: 06.09.2024).
- DOI: 10.23670/1R].2023.132.44

82
Vol. 11, Issue 1 Www.niet.uz
2026


https://www.sciencedirect.com/journal/journal-of-food-engineering
https://www.sciencedirect.com/journal/journal-of-food-engineering/vol/84/issue/1
https://www.sciencedirect.com/journal/journal-of-food-engineering/vol/84/issue/1
https://www.sciencedirect.com/journal/journal-of-food-engineering/vol/84/issue/1
https://www.sciencedirect.com/journal/journal-of-food-engineering/vol/84/issue/1

NamdTI
ILMIV-TEXNIKA

\®;
K

Scientific and Technical Journal of NamIET | ISSN 2181-8622

CONTENTS

TECHNICAL SCIENCES: COTTON, TEXTILE AND

LIGHT INDUSTRY

Parpiyeva N., Kayumov J., Parpiyev D., Tukhtasinov D., Rizayev D.,
Komilov M.

Rotational auto-oscillations of ribbed cylinders in a pneumatic pressure 3
supply system
Mirzaumidov A.
Integrated multi-track laser surface hardening of gears and rotating 14
components: thermal field control and residual stress engineering
Mirzaumidov A., Xabibullayev D.
Practical study of determining vibrations of 5LP machine in experimental 20
research
Kozokov S.
Determination of optimal parameters of an advanced device for cleaning 26
cotton from large impurities based on a mathematical model
Mamakhanova Z.

38

Biomechanical principles of sportswear design for kayak slalom athletes

TECHNICAL SCIENCES: AGRICULTURE AND FOOD

TECHNOLOGIES

Sattarov K., Khazratkulov J.
Use of non-traditional raw materials in the production of fish feed 16
Akramova G.
Grain cold conditioning device and technological solution 52
Ravshanov S., Abdullayeva F., Zaynobiddinov M.
Investigation of the chemical composition, structure, and functional- 59
technological properties of the secondary product “gluten” from kokand
spirit JSC
Abdurahimov A., Tashmuratov A., Kuzibekov S., Ochilova S,
Toshmuratov M.
Comprehensive assessment of linear dimensions, physical-mechanical and 63
chemical properties of cotton seeds of foreign and local varieties
Yakubjanova Y.
Milk-based refreshing beverages: classification, nutritional benefits and 69
comparative advantages over other beverage types
Aliyeva G., Kanoatov X.

73

Study of the efficiency of using cryoprotectors on the rheology of the test

292
Vol. 11, Issue 1
2026

www.niet.uz



Scientific and Technical Journal of NamIET ISSN 2181-8622

Abdurazzokova M., Raxmonova X.

Degradation of pectin and starch in sweet sorghum stem juice using 83
enzymes

Ismanova A., Meliboyev M.

Physico-chemical analysis methods in combined drying of topinambur raw 87
materials

Atamirzayeva S.

Investigation of additives in the composition of meat canned products based 93
on taraxacum officinale Wigg. plant
Abdullayeva B.

Comprehensive assessment of quality and safety indicators of minced meat 100

semi-finished products

Ikromov F., Ikromova Y., Xamdamov A.

105

The importance of using reverse osmosis in tomato paste production

CHEMICAL SCIENCES

Janaev M., Adilov R., Ergashev O.

Laws of micelle formation in aqueous solutions of azomethines based on 111
monoethanolamine and acetaldehyde

Mukhammadjonov M., Rakhmatkarieva F., Oydinov M.

Hydrothermal synthesis of KA (LTA-type) zeolite from Angren kaolin: 117
structural, morphological, and adsorption characterization

Abdukhamidova F., Ibragimova K., Khusenov A., Rakhmanberdiev G.

Nitro-carboxymethylinulin synthesis 128
Yusupova M., Mamadjonova M., Egamberdiev S., Abduvohidov 1.
Study of the process of aminolysis of secondary polyethyleneterephalate 134
with monoethanolamine without the participation of a catalyst and analysis
of the obtained product
Eshonkhodzhaeva O., Mirzarakhmetova D.
Features of cationic pectin synthesis and properties 140
Urinboeva M., Abdikamalova A., Mamataliev N., Ismadiyorov A.

: ; . : 147
Synthesis of surfactants based on fatty acids and their spectral analysis
Urinboeva M., Abdikamalova A., Mamataliev N., Ismadiyorov A. 153

Adsorption activity of bentonite clays toward dyes
Hakimova Kh., Makhkamova D., Turayev Z.

Extraction of the nickel microelement from industrial secondary products 166
using sulfuric acid

Ochilov G., Boymatov I., Ganiyeva N.

Adsorption properties of modified adsorbents for dyes 176
_
293
Vol. 11, Issue 1 www.niet.uz

2026



Scientific and Technical Journal of NamIET | ISSN 2181-8622

Shamuratova M., Giyasidinov A., Abdikamalova A., Eshmetov 1.

Bonding of porous structure and soil moisture retention in modification 180
surfactants and polymers

Giyasidinov A., Sultonov B., Dedaboyeva M., Aliyev O.

Optimal amounts and concentrations of calcium nitrate solution in the 186
production of phosphate fertilizers

Shermatov A., Sherkuziyev D.

Optimization ~ of acid decomposition of washed calcined 195
phosphoconcentrate using a mixed secondary sulfuric—extraction
phosphoric acid system: chemical and ftir investigation

Umirov F., Erkaev A., Kucharov B., Maxmudov R., Baxshilloyev N.

Production of magnesium chloride from magnesium-containing brines by
the isothermal method at 25 °C based on the system 2Na*, Mg?* | SO,%, 2CI-
- H,O

Urinov A., Aslonov A.

202

Development of an effective anti-corrosion polymer composition for oil and 209
gas trunk pipelines on a resource-saving basis
Khamidov R., Oydinov M., Abdulkhaev T.

Crystalline structure and spectroscopic analysis of LIA zeolite

TECHNICAL SCIENCES: MECHANICS AND MECHANICAL
ENGINEERING

216

Azamov S.

Improvement of methods for increasing the energy efficiency indicators of 224
an off-grid solar photovoltaic system

Kayumov U., Pardaeva Sh.

231

Operational characteristics of centrifugal pumps in the mining industry

Mamanazirov J., Mamatkulov Sh.

240

Investigating mxene material for evolution reaction in water splitting
Obidov A., Khudayberdiyeva D., Mirzaakhmedova D.

247

Experimental construction development of the device for cleaning cotton
from small impurities

Sultanov D., Mamahonov A.

Assessment of the chemical and mineralogical properties of rocks from the
mountainous areas of chortoq district, namangan region, based on xrf and
ftir methods

Abduvakhidov M., Mirjalolzoda B., Umarov A.
Bending vibrations of flexible packet-type working bodies of technological 271
machines

257

294
Vol. 11, Issue 1 www.niet.uz
2026



NamdT1
ILMIV-TEXNIKA

\®;

Scientific and Technical Journal of NamIET ISSN 2181-8622

Abduvakhidov M., Mirjalolzoda B., Umarov A.
Theoretical study of bending vibrations of packet-type working bodies of 278
technological machines with account of internal longitudinal forces

ECONOMICAL SCIENCES

Ergashev A.

The impact of public—private partnership (PPP) mechanisms on enterprise 283
competitiveness in the implementation of green technologies

295
Vol. 11, Issue 1 www.niet.uz
2026



