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Abstract. Background. Chronic pancreatitis (CP) is a complex progressive disease of the pancreas, which is accom-
panied by significant metabolic disorders, exocrine insufficiency, maldigestion, and malabsorption. Patients with CP often
face nutritional deficiencies, which include protein, vitamin, and mineral deficiencies. This leads to weight loss, anemia,
and deterioration in the quality of life. One of the key elements in the treatment of such patients is diet therapy aimed at
correcting nutrient deficiencies and compensating for impaired digestive system functions. In modern gastroenterological
practice, functional food products manufactured using extrusion technology are attracting increasing attention. It allows
creating products with high bioavailability, easy digestibility, and an optimal balance of proteins, fats, and carbohydrates.
In particular, thermoplastically extruded products based on wheat, buckwheat, and rice cereals, enriched with chicken
fillet, carrots, apples, and pumpkin, show high potential in correcting the nutritional status of patients with CP. The purpose
of the study was to assess the effectiveness of using thermoplastic extruded products in diet therapy of patients with CP.
Materials and methods. The study involved 110 patients, who were divided into two groups: the main (70 participants
with CP who received the proposed mixture for enteral nutrition) and the comparison one (40 people with isolated CP
who were fed a standard diet). The assessment of nutritional status included determining the level of albumin, hemo-
globin, body mass index, as well as the content of pancreatic elastase-1 in feces. For 12 weeks, patients in the main
group received extruded products as the main element of the diet. Results. A significant improvement in the nutritional
status of the patients was noted. The albumin level increased from 32.1 + 1.8 g/l to 38.5 + 2.1 ¢/l, and hemoglobin from
112+ 5 g/lto 125 + 6 g/l. The patients’ body mass index increased 1.7 times. All changes were statistically significant.
The organoleptic evaluation of the products showed that 91 % of the patients rated them as “tasty” or “very tasty’, which
ensures a high level of the diet acceptability. In addition, the products are well tolerated, which increases compliance with
therapy. Conclusions. The use of thermoplastic extruded products in diet therapy for patients with CP is a promising
direction in the treatment of this disease. It allows to ensure the correction of nutritional status, improve the quality of life,
and also contribute to reducing the risk of developing complications associated with metabolic disorders.

Keywords: chronic pancreatitis; metabolic disorders; extruded products; nutritional support; diet therapy; func-
tional nutrition

Introduction

Chronic pancreatitis (CP) is a progressive disease of
the pancreas, characterized by the development of fibrosis,
loss of functional organ tissue, and impaired exocrine and
endocrine functions [1]. These pathological changes lead
to maldigestion, malabsorption, chronic pain, and serious
metabolic disorders that reduce the quality of life of patients
and cause a significant medical and social burden [2].

According to current studies, the prevalence of CP in the
adult population is 27—50 cases per 100,000 people, and the
incidence is increasing annually [3]. The main risk factors are
long-term alcohol consumption, smoking, gallstone disease,
metabolic syndrome, and genetic predisposition [4].

Patients with CP have progressive exocrine insufficien-
¢y, accompanied by a decrease in the level of pancreatic
enzymes, including lipase, amylase and trypsin. This causes

©2025.The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CCBY, which allows othersto  freely distribute the
published article, with the obligatory reference to the authors of original works and original publication in this journal.
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malabsorption of nutrients, especially fats and fat-soluble
vitamins (A, D, E, K) [5]. Insufficient intake of these sub-
stances into the body leads to weight loss, anemia, osteopo-
rosis, the development of polyhypovitaminosis and impaired
immune system function [6].

More than 50 % of patients with CP have clinically sig-
nificant protein and energy deficiencies, which are associated
with an increased risk of complications and mortality [7].
Such patients often develop concomitant diseases, in particu-
lar hypertension, which significantly complicates the course
of CP due to the activation of oxidative stress and systemic
inflammation [8].

Modern approaches to the treatment of CP and meta-
bolic disorders are based on multicomponent therapy, which
includes drug correction of exocrine insufficiency, diet the-
rapy, control of chronic pain and prevention of complica-
tions [9]. Among them, diet therapy plays a key role, which
is aimed at compensating for nutrient deficiencies, improving
the functional state of the digestive system and the general
well-being of patients [10].

However, traditional approaches to diet therapy have a
number of limitations associated with poor digestibility of
ordinary foods due to impaired enzymatic activity. One of
the innovative solutions is the use of functional food products
manufactured using thermoplastic extrusion.

The aim of the study is to develop and evaluate the effec-
tiveness of using thermoplastically extruded products in diet
therapy for patients with CP, particularly in conditions of
exocrine pancreatic insufficiency.

Materials and methods

The study involved 110 patients with an established
diagnosis of CP and metabolic disorders, aged 33 to
45 years, who were divided into two groups: the main
group (70 people with CP, who, against the background
of standard therapy, received the proposed mixture for en-
teral nutrition), the comparison group (40 people with CP,
whose nutrition was carried out according to dietary table
No. 5 according to Pevzner [11]) who were treated in the
Department of Liver and Extrahepatic Biliary Surgery of
the State Institution “Institute of General and Emergency
Surgery of the National Academy of Medical Sciences of
Ukraine, Ukraine and the Department of Gastroente-
rology of the 18™ City Clinical Hospital (Kharkiv) in the
period from 2023 to 2024. All patients were examined ac-
cording to a single program developed on the basis of the
order of the Ministry of Health of Ukraine dated July 4,
2023 No. 1204 “On Approval of the Unified Clinical Pro-
tocol of primary and specialized medical care “Chronic
pancreatitis”, taking into account the Cambridge classi-
fication of chronic pancreatitis. The research methods are
ethical and meet international standards. The participants
were informed and gave informed consent to participate
in the study, which does not pose risks to their health and
well-being. The study received approval from the ethics
committee.

The age of the patients in the main group ranged from
33 to 45 years with a median of 38 years, the ratio of men to
women was 27.1 and 72.9 %, respectively. In the comparison
group, the age of the patients ranged from 32 to 43 years with

a median of 33 years, and the ratio of men to women was 30
and 70 %, respectively. Thus, the groups are comparable in
terms of gender and age.

Together with specialists from the Department of
Bakery and Confectionery Technology of the State Bio-
technological University (Kharkiv, Ukraine), mixtures for
enteral nutrition of patients with CP were developed and
tested, taking into account the daily nutritional needs and
nutrient malabsorption syndrome. The developed extru-
ded products were made on the basis of wheat, buckwheat
and rice cereals with the addition of chicken fillet, carrots,
pumpkin and apples. Extrusion technology provided high
bioavailability of nutrients and improved organoleptic
properties, which was important for patients with digestive
disorders.

Given that the level of nutritional status disorders in pa-
tients with CP varies depending on the cause of the disease
and its severity, and requires an individual approach to cor-
rection, the main goal of nutritional support in the treatment
of CP is to achieve adequate caloric and nutritional value of
food products and the diet as a whole through the products
recommended for use.

The nutrition plan during treatment included an indivi-
dually balanced diet that brings the usual food intake closer
to a healthy and balanced nutritional model. Additionally,
high-calorie drinks were taken into account, which contri-
bute to an increase in the supply of energy and nutrients. The
nutrition plan for patients in the main group included forti-
fied foods and dietary supplements to prevent deficiencies of
essential nutrients.

Method of manufacturing mixtures for enteral nutrition.
In the process of thermoplastic extrusion, loose raw mate-
rials were prepared in the form of a mixture and through a
special hole entered the working chamber, where they were
mixed while moving along it along a complex trajectory,
which leads to an increase in the degree of compression.
The degree of compression was determined by the ratio
of the area of the working channel to the total area of the
exit jets through which the product exits from the matrix.
During extrusion, the initial material containing starch was
subjected to thermomechanical action, which leads to its
destruction and transformation from a state of loose dis-
persed material into an elastic-viscoplastic mass (gel). This
mass is characteristic of highly concentrated starch pastes
and denatured proteins.

The following cereals were selected as the main grain
product allowed for consumption by patients with panc-
reatitis: wheat, buckwheat and rice. Chicken fillet, carrots,
apples and pumpkin were selected as enriching additives
for fortification of traditional cereal products. In order to
expand the range of products with different taste and nutri-
tional benefits, the possibility of producing products sepa-
rately based on each cereal and their mixtures was consi-
dered. Namely, product technologies were developed based
on the following mixtures: wheat vitamin mixture; wheat
protein mixture; buckwheat vitamin mixture; buckwheat
protein mixture; rice vitamin mixture; rice protein mixture;
combined mixture.

The following research methods were used in the work
on creating mixtures.

286 Miznarodnij endokrinologiénij zurnal, 1SSN 2224-0721 (print), ISSN 2307-1427 (online)

Vol. 21, No. 3, 2025



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

The amino acid score was determined by the ratio of the
amount of each essential amino acid in the protein under study
to the amount of the same amino acid in the “ideal protein”:

mg AA in 1 g of the tested protein
mg of AA in 1g of ideal protein

Amino acid score = x 100, (1)
where AA is any essential amino acid.

The method for determining the biological value of a
protein by the adjusted amino acid score taking into account
the limiting amino acid and the “apparent” digestibility of
the protein — PDCAAS was proposed by FAO/WHO in 1991
according to the formula of G. Schaafsma, 2000.

mg of limiting AAin 1g
of the tested protein

mg of the same AAin 1g
of ideal protein

PDCAAS, % = xCD x 100, 2)

where CD is the coefficient of “apparent” protein digestibility
of the product.

DIAAS is a relatively new method recommended by
FAO/WHO and used as the main one in assessing the protein
value of protein. It assesses the biological value by amino acid
score, adjusted for the digestibility of essential amino acids
in the ileum, based on measuring the digestibility of each
individual essential amino acid in the small intestine, namely
in its section — the ileum — as opposed to the traditionally
accepted method of determining protein digestibility, which
is measured in feces.

mg of limiting AAin 1g

B of the tested protein D of amino acid
DIAAS, % = 100 % mg of the same AAin 1g  in the ileum. (3)
of ideal protein

The energy value of extruded products based on wheat
cereals was about 340 kcal; buckwheat cereals — 303 kcal;
rice cereals — 317 kcal and a mixture of cereals — 322 kcal.

The carbohydrate content was within 60—66 g per 100 g
of product and fluctuated significantly with changes in the
recipe composition.

An important component is meeting the patient’s needs
for micronutrients, and it is worth noting that the most com-
mon deficiency is that of vitamins D, K and E. Deficiency
of water-soluble vitamins is less common. In addition, many
patients may have clinical and laboratory indicators of mineral
deficiencies, such as magnesium, iron, zinc and selenium [12].

Tables 1 and 2 show the content of vitamins, macro- and
microelements in extruded products for nutritional support
of patients with CP.

The calculation of the amino acid score of the developed
mixtures is given in Table 3.

The formula proposed at the meeting of the FAO Expert
Consultative Meeting in 2011 [13] was used as the reference
protein.

Patients of the main group consumed the developed mix-
tures both in dry form and by pouring them with warm water,
since warm liquid nutrition is recommended for patients
with pancreatitis. The consistency of the product prepared
for consumption depended on their personal preferences.
When pouring the product with water, it acquired the taste
properties of the corresponding porridge with meat or with
fruits and vegetables.

The clinical study included the collection of data on the
history of the disease, the frequency of exacerbations and
concomitant pathologies. All participants signed an informed
consent to participate in the study, which was approved by
the ethics committee.

The study protocol provided for a baseline assessment of
the patients’ condition before the start of the use of extruded
products, an intervention lasting 30 weeks with a subsequent
control examination (on the day 31—32 day of observation).

Table 1. Vitamin content in extruded products for nutritional support of patients with chronic pancreatitis

Unit of | Wheat | Wheat | Buckwheat | Buckwheat | Rice Rice

Nutrient measu- | vitamin | protein vitamin protein vitamin | protein

rement | mixture | mixture mixture mixture mixture | mixture
Vitamin A, PE Hg 50.99 42.39 50.69 51.35 27.84 21.08
Beta carotene mg 0.47 0.38 0.47 0.47 0.25 0.19
Vitamin B,, thiamine mg 0.40 0.40 0.20 0.21 0.36 0.36
Vitamin B,, riboflavin mg 0.30 0.31 0.30 0.31 0.09 0.09
Vitamin B, mg 4.90 5.45 5.01 5.57 0.04 0.34
Vitamin B,, choline mg 23.36 28.47 53.01 57.89 88.56 90.76
Vitamin B, pantothenic acid mg 0.91 0.99 1.19 1.27 0.64 0.68
Vitamin B, pyridoxine mg 0.40 0.45 0.40 0.44 0.57 0.59
Vitamin B,, folate ug 78.11 77.60 42.04 42.11 37.13 37.02
Vitamin E, alpha tocopherol, TE mg 1.37 1.36 0.10 0.1 0.88 0.88
Vitamin H, biotin Hg 12.45 12.39
Vitamin K, phylloquinone mg 2.98 2.81 0.62 0.62 0.32 0.24
Vitamin PP, HE mg 5.50 5.47
Niacin mg 3.94 3.92
Vitamin C mg 1.00 0.49 1.10 0.56 0.55 0.25
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Table 2. Content of macro- and micronutrients in extruded products

Nutri Unitof | Wheat | Wheat | Buckwheat | Buckwheat | Rice Rice Composite
utrient measu- | vitamin | protein vitamin protein vitamin | protein | ™ . 5"
rement | mixture | mixture mixture mixture mixture | mixture
Macronutrients
Potassium, K mg 407.67 | 422.24 334.36 353.27 340.34 | 346.14 373.57
Calcium, Ca mg 4217 41.01 19.44 18.73 43.05 42.36 33.97
Silicon, Si mg 1286.50 | 1280.49 408.65
Magnesium, Mg mg 121.22 121.27 214.89 214.08 121.08 | 121.11 153.29
Sodium, Na mg 6.19 7.25 15.12 16.55 33.24 33.62 18.46
Sulfur, S mg 0.22 0.27 62.36 61.96 19.77
Phosphorus, P mg 375.94 | 385.24 311.73 322.04 342.29 | 347.03 350.09
Chlorine, CI mg 0.09 0.1 138.03 | 137.34 43.83
Micronutrients
Aluminum, Al Mg 4.86 6.04 948.63 | 941.78 300.56
Boron, B Hg 10.82 13.45 237.81 231.31 73.82
Vanadium, V Hg 0.18 0.22 415.09 | 413.06 131.82
Iron, Fe mg 3.48 3.37 2.58 2.46 2.25 2.20 2.69
lodine, | Hg 0.09 0.11 2.43 2.38 0.76
Cobalt, Co Mg 0.04 0.05 7.18 713 2.27
Manganese, Mn mg 3.15 3.12 1.56 1.54 3.77 3.75 2.78
Copper, Cu Hg 496.22 | 486.15 585.62 573.69 583.43 | 578.29 547.07
Molybdenum, Mo Hg 0.27 0.33 27.83 27.57 8.80
Nickel, Ni Mg 0.75 0.93 53.91 53.29 17.01
Rubidium, Rb Mg 2.78 3.46 1.39
Selenium, Se Mg 69.49 70.26 8.12 9.54 20.76 21.41 33.67
Strontium, Sr ug 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fluorine, F Mg 0.49 0.11 0.58 0.14 83.25 82.67 26.47
Chromium, Cr 3o} 0.18 0.22 2.99 2.89 0.92
Zinc, Zn mg 2.68 2.69 2.35 2.36 1.88 1.89 2.32
Table 3. Characteristics of the protein quality of extruded products studied for the content
of essential amino acids
Amino acids (222]] \mgﬁﬁtn [\)’I\"gteeailt‘l Bt‘x’ci;tlgﬂ;ﬁat B%ﬁﬁﬁ?ﬁm vi?anl::in plfgf:in Composite
RIR mixture | mixture mixture mixture mixture | mixture RIS
Lysine 48 65.74 81.83 98.67 109.91 80.94 91.30 92.95
Histidine 16 145.18 | 155.82 135.52 146.38 158.28 | 164.92 152.29
Threonine 25 137.98 142.59 144.16 148.25 140.24 | 143.40 144.32
Tryptophan 6.6 202.51 201.37 203.97 202.83 181.65 | 182.60 197.73
Methionine + cystine 23 171.36 | 169.83 123.31 127.37 168.45 | 167.65 152.04
Phenylalanine + tyrosine 41 211.04 | 208.31 130.84 137.10 227.37 | 224.03 183.20
Valine 40 111.63 113.86 118.97 120.30 133.19 | 133.00 120.73
Isoleucine 30 128.25 | 132.54 116.95 122.23 124.64 | 128.08 126.50
Leucine 61 118.47 | 120.64 95.81 100.31 150.51 149.40 118.77
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Table 4. Score evaluation of organoleptic indicators of extruded products

Indicator

weighting

Indicator characteristics

factor

Typical, pronounced

Typical, weakly expressed

Odor 5

Atypical, slightly altered, but weakly expressed

Atypical, foreign, clearly expressed

Typical, plain

Typical, plain, slightly darkened or lightened

Color 8 Typical, not plain

Altered (lightened or darkened)
Atypical (significantly modified)

Typical, homogeneous

Typical, homogeneous, sticky or stiff

Consistence 4

Typical, homogeneous, sticky or hard

Atypical, heterogeneous, sticky, watery

Typical, pronounced

Typical, weakly expressed

Taste 8

Atypical, with a foreign taste

Atypical — stale, expressed quite strongly

To assess the condition of the patients, we carried out
anthropometry (determination of body weight, body mass in-
dex), biochemical blood tests (albumin, hemoglobin levels),
as well as determination of the level of pancreatic elastase- 1
in feces to assess the exocrine function of the pancreas ac-
cording to standard methods.

During the organoleptic study of wheat flakes from
wheatgrass, the following indicators are determined: taste,
color, smell.

The organoleptic evaluation of extruded products was car-
ried out according to the quality indicators given in Table 4.

In the case of score assessment, the evaluation score is
multiplied by the weighting factor obtaining a total score
in points. Products of excellent quality must have a score
of at least 90 points, good — 80—89, satisfactory — 60—79.
A product that received a score below 60 points is of unsa-
tisfactory quality.

For statistical data processing, the general-purpose data
processing program package “Statistica for Windows” was
used.

For data presentation, the median and mean values were
used as indicators of the measure of location; standard de-
viation as an indicator of the measure of dispersion. As a
non-parametric comparison method, the Mann-Whitney
test (MWT) was used to compare two independent groups,
the Wilcoxon test (WT) was used to evaluate the dynamics of
indicators, and the t-test was used to compare percentages.

Not expressed (absent)

Typical, with the presence of unevenly cooked grains

Not expressed (absent)

= N W~ OO = N W s O = D O >~ A =2 NN OB o

Results

According to our data, consumption of 200 g of extru-
ded products satisfied from 40 to almost 90 % of the daily
requirement. The highest level was achieved with the buck-
wheat protein mixture (Fig. 1).

BCAA are three branched-chain amino acids: leucine,
isoleucine, and valine. It is known that branched-chain ami-
no acids, or BCAA, are proteinogenic, meaning they are
the main building blocks for protein synthesis. Studies have
shown that these amino acids are absorbed more quickly in
the gastrointestinal tract and enter the bloodstream than
short, unbranched amino acids. This means that protein
synthesis with their participation is accelerated. They exist
as part of the body’s support during mass gain and recovery.
The level of BCAA in the developed products is shown on
Fig. 2.

The limiting amino acid of grain products used as a basic
component is lysine. The use of enriching additives allows
to raise the level of lysine in mixtures to 80—90, and in the
buckwheat protein mixture the amino acid score for lysine
exceeded 100.

It is known that lysine has a great positive effect on the
human body, in addition, it improves the functioning of the
intestine, restores the balance of microflora, treats dysbiosis,
relieves inflammation and helps in the treatment of pancre-
atitis. Therefore, increasing the level of lysine in the protein
composition of the developed products is important.
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Figure 1. Daily requirement of BCAA for people with different body weights under the condition
of consuming 200 g of extruded products per day
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Figure 2. Level of BCAA in developed products (g per 100 g of product)

The study assessed the impact of thermoplastically extruded
products on the nutritional status of patients with CP (Table 5).

The values of the pancreatic elastase-1 index in the sub-
jects of the main group and the comparison group were sig-
nificantly lower than the content of pancreatic elastase-1
in patients of the control group (p < 0.05, MWT). The dif-
ferences in the values of the pancreatic elastase-1 index in
patients of the main group and the comparison group did not
reach a statistical level.

In general, the majority of patients of the main group
and the comparison group in terms of the level of panc-
reatic elastase-1 in the blood serum had an average degree of
severity of excretory insufficiency of the pancreas (43—61.4
and 25—62.5 %, respectively). A mild degree of enzyme syn-
thesis disorder was observed in 27 (38.6 %) and 15 (37.5 %)
individuals, respectively.

Patients with severe excretory insufficiency were not in-
volved in the work.

Table 5. Dynamics of laboratory parameters in patients with CP on the background of consumption
of extruded products

Laboratory parameters

Before treatment

Blood serum albumin (g/l) 32.1+1.8
Hemoglobin (g/l) 112+ 5
113.0 £ 17.7¢

Pancreatic elastase-1 (ug/g) 113.1 (85-156)*

Patient groups, study terms
 wam [ compaisn |

Day 31-32 Before treatment Day 31-32
38.5+2.0 33.0+1.7 36.2+2.0
125+ 6 114+ 4 120 £ 5
391.0 + 63.5*

391.8 (253-507)*

Note: * — statistically significant differences from the control group (p < 0.05, MWT).
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The albumin level in patients of the main group increased
1.2 times from 32.1 £ 1.8 g/1 to 38.5 = 2.1 g/1 (p < 0.01,
WT), while in the comparison group — 1.1 times: from
33.0%+ 1.7 g/1t0 36.2 £ 2.0 g/1 (p <0.01, WT).

The hemoglobin level in patients of the main group in-
creased 1.1 times from 112 £ 5 g/I to 125 + 6 g/1 (p < 0.01,
WT), and in the comparison group — 1.05 times: from
114 £ 4 g/1to 120 = 5g/1 (p < 0.01, WT).

The level of pancreatic elastase-1 in feces increased by
15 % in the main group, indicating improved exocrine func-
tion. In the comparison group, such changes were less pro-
nounced (7 %, p < 0.05, t-test).

Patients in the main group after 30 weeks of using ex-
truded products showed a significant improvement in body
weight and body mass index (BMI). BMI increased by
1.8 times, while in the comparison group only by 0.8 times.
The changes were statistically significant (p < 0.05, WT).

91 % of patients in the main group rated the products as
“tasty” or “very tasty”, which ensures high compliance with
the diet. At the same time, buckwheat and rice mixtures re-
ceived a score of 90 points, and mixtures made from wheat
cereals — 84—86 points.

Discussion

High physiological and technological requirements
are imposed on nutritional support products for the treat-
ment of CP. The first group of requirements includes a
balanced chemical composition, high nutritional value
and easy digestibility of the product. The limiting factor
is the narrow range of products recommended for use.
Technological requirements include ease of preparation
for use. Products manufactured by thermoplastic extru-
sion meet these requirements. The use of thermoplastic
extrusion technology for grain products allows you to
obtain a ready-to-use product with adjustable properties
that is well digestible.

Nutritional support is an important part of the treat-
ment of CP and aims to ensure sufficient calorie intake,
regulate the response to oxidative stress, and prevent cata-
bolic processes during the course of the disease [14]. In
the case of the development of hypercatabolic syndrome
in patients with CP, energy expenditure can increase by
77—158 % [15]. To calculate nutritional support, it is re-
commended to take into account the following standards
of consumption per 1 kilogram of body weight during the
day [14]: energy from 25 to 35 kcal; carbohydrates from 3
to 6 g (at that, the concentration of glucose in the blood
serum should not exceed 10 mmol/1); protein from 1.2
to 1.5 g (with possible correction in the case of acute re-
nal or hepatic failure); fats — 2 g (at that, the content
of triglycerides in the blood serum should not exceed
12 mmol/I).

The developed mixtures for enteral nutrition fully met
these requirements.

The results of the study confirm the effectiveness of ther-
moplastically extruded products in diet therapy of patients
with CP. A significant increase in albumin and hemoglobin
levels indicates an improvement in protein-energy status,
which is consistent with the results of other studies [1, 15].
An increase in pancreatic elastase-1 levels confirms the

positive effect of extruded products on the exocrine function
of the pancreas. This may be due to the high bioavailability
of proteins and vitamins, which is provided by extrusion
technology [16].

In our study, patients in the main group demonstra-
ted better results than patients in the comparison group.
This may be explained by a more pronounced effect of
the developed products on compensatory mechanisms
in combination with CP. According to modern studies,
oxidative stress and systemic inflammation with hyper-
tension aggravate nutritional disorders in CP, and the use
of products enriched with antioxidants and vitamins helps
to reduce them [4, 15].

The organoleptic acceptability of products plays an
important role in increasing patients’ compliance with
diet therapy, which is also confirmed by previous studies
[16, 17].

According to current studies, extruded products
demonstrate a positive effect on the nutritional status of
patients with CP, reduce symptoms of malabsorption and
contribute to an increase in energy and endurance levels.
In particular, they allow to restore protein and vitamin
deficiencies, facilitate digestion processes and are well
tolerated by patients [18, 19]. The use of thermoplastically
extruded cereal products made from wheat cereals, rice or
buckwheat will allow adding a new product to the diet of
patients with pancreatitis. This product is almost ready
to use, adding warm liquid to the product allows you to
quickly prepare warm porridge of the required consisten-
cy. This will allow you to use small meals without unne-
cessary effort and quickly if necessary. Extruded cereal
products will be able to satisfy such nutritional require-
ments of patients with pancreatitis as the consumption of a
high-calorie product that is easily digestible. The products
are very low in fat, and carbohydrates are represented by
dextrinized starch, which is more easily digested and does
not belong to simple sugars.

Thermoplastic extrusion technology allows the creation
of products that are characterized by: high bioavailability
of proteins, vitamins and minerals; easy digestibility due to
improved texture and reduced antinutrient content; enrich-
ment with essential nutrients such as amino acids, fiber and
antioxidants [20].

Conclusions

The use of thermoplastically extruded products in diet
therapy of patients with chronic pancreatitis allows for im-
proved nutritional status, as confirmed by increased albumin
and hemoglobin levels.

In patients with CP, the developed products contribute
to a more significant improvement in protein-energy status
and exocrine pancreatic function compared to patients who
followed a standard diet.

The high level of organoleptic acceptability of the pro-
ducts ensures high compliance with diet therapy, which is
important for long-term treatment of patients with CP.

Thermoplastically extruded products are an effective
and promising component of complex therapy for chronic
pancreatitis, especially in the presence of comorbid con-
ditions.
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®GowmiHa .M., Faspuiu T.B.", Manikos K.C.", IBaHosa (O.B.2 B'toH T.1.2, B'toH C.B.%2, M’acoeaos K.B.2, butak C.KO.?, Paasiluescbka €.5.2

" AepXKQABHMM GIOTEXHOAOTIYHWM YHiBEpCUTET, M. XQPKIB, YKPQIHO

2 XQpKiBCbKM HQLIOHQABHA MEAMYHI YHIBEPCUTET, M. XapKiB, YKpQiHO

BUKOPUCTAHHS TEPMONACACTUYHO EKCTPYAOBOHUX 3€PHOBUX MPOAYKTIB
Y XOPYOBiN NIATPUMLL XBOPUX HO XPOHIYHMUIA NAHKpPEeATUT
i3 NOPYLUEHHSIMU MEeTABOAIZMY

Pe3iome. Axkmyaavnicmo. Xponiunnii nankpearut (XI1) — ue
CKJIAJIHE MPOTPECYIoUe 3aXBOPIOBAHHS MiAILITYHKOBOI 3aJ103U, SIKE
CYIIPOBOIKYETHCSI 3HAUHUMU METa0OJIYHUMU TTOPYIICHHSIMU,
€K30KPUHHOIO HEOCTATHICTIO, MAJIBIUTECTIEI0 Ta MaTbabCOPO-
uieto. [Mamientu 3 XI1 yacTo cTUKaOThCS 3 HYTPUTUBHOIO He-
JIOCTaTHICTIO, 1110 BKJIoYae AediuuT OinKiB, BiTaMiHiB i MiHepa-
JiB. Lle 3yMOBITIOE 3HMKEHHSI MaCH Tijla, aHEMIIO Ta TTOTipIIeHHS
sgKoCTi XKUTTs. OMHUM i3 KIIIOUOBUX €JIEMEHTIB JIIKyBaHHS TaKNX
MallieHTIB € Ji€eToTepallisi, CIpsSIMOBaHA Ha KOPEKIIilo aediuuTy
HYTPI€HTIB i KOMIIEHCaIlil0 TOpYIIeHNX (DYHKIIii TPaBHOI CUCTEMMU.
Y cydacHiit racTpoeHTepOJIOTIUHIi MPaKTHILLi BCce OiIbIIY yBary
MIPUBEPTAIOTh (DYHKIIIOHAJIBbHI Xap4oBi ITPOIYKTH, BUTOTOBJICHI 3a
JIOITIOMOTOI0 €KCTPY3iitHO1 TexHo10rii. BoHa 103BoJIsIE CTBOPIOBATH
MPOIYKTH 3 BUCOKOIO O10JIOTTYHOIO TOCTYITHICTIO, JIETKOIO 3aCBOIO-
BaHICTIO, ONTUMAIBHUM OajlaHCOM OiJIKiB, XUPIB i BYTJIEBO/IiB.
3o0KpeMa, TepMOIUIACTUYHO €KCTPYIOBaHi MPOAYKTH Ha OCHOBI
MIIEHUYHOI, FpevyaHoi Ta pUCOBOI KpYII, 30araueHi KypsiauM die,
MOPKBOI0, SI0JTYKOM i rap0Oy30M, MaloTh BUCOKUIA TTOTEHILial y KO-
pekuii HyTpuTUBHOTO cTaTycy xBopux Ha XI1. Mema: ouinutu
e(heKTUBHICTh BUKOPUCTAHHSI TEPMOIUIACTUYHO €KCTPYIOBAHUX
MPOAYKTIiB Yy AieTotepartii oci6 i3 XI1. Mamepiaau ma memoodu.
Mo nocmimkeHHst O0yino 3anydeHo 110 mauieHTiB, SKUX pO3MOIi-
JIeHo Ha ABi rpynu: ocHoBHY (70 yyacHukiB i3 XI1, orpumyBaiu
3aMpPONOHOBAHY CYMIlII IS EHTePAJIbHOTO XapuyBaHHsI) Ta TPYITy
nopiBHsHHSA (40 oci0 i3 i3oapoBaHuM XI1, xapuyBaaucs 3rigHoO 3i

CTaHIAPTHOIO Ai€To10). OlLliHKa HYyTPUTUBHOTO CTAaTyCy BKJII0Uaia
BU3HAYEHHs PiBHSI albOyMiHY, reMOIJIOOiHY, iHAEKCY MacH Tija,
a TaKoX BMICTy MaHKpeaTuuHoi enacrasu-1 y kanii. [Iporsrom
12 THKHIB MALIIEHTA OCHOBHOI TPy OTPUMYBAJIN €KCTPYIOBaHi
MPOJYKTH SIK OCHOBHMUIA eJleMeHT paliony. Pesyssmamu. OtpumMaHi
JlaHi CBiIYaTh MPO 3HAYHE IMOJIIMILIEHHSI HyTPUTUBHOTO CTATYCy.
PiBenb anpOyminy 3pic i3 32,1 + 1,8 r/m mo 38,5 £ 2,1 r/x1, a remo-
rno6iHy — 3i 112 £ 5 r/n go 125 £ 6 r/n. IHaekc macu Tina nariti-
€HTIiB 3011bIIMBCS B 1,7 pa3a. Yci 3MiHM Majiu CTaTUCTUYHO 3HAUY-
it xapakrep. OpraHoyienTUYHA OLliHKA MIPOIYKTIB MoKa3asa, 110
91 % y4acHWKIB OLIHMIN iX K «CMauHi» a00 «IyXe CMadHi», 110
3a0e3mnevye BUCOKUIM piBeHb MPUITHATHOCTI Hietu. ExcTpymoBaHi
MPOAYKTU € e(heKTUBHUM KOMITOHEHTOM JieToTepariii ocio i3 XI1.
IXHe BUKOpUCTAHHS 103BOJIsIE 3MEHIIIUTH TIPOSIBU MaIbabCOPOLLil,
TOJIMILIUTY 3aCBOEHHSI OUIKIB, BiTaMiHiB Ta MikpoeseMeHTiB. Kpim
TOTO, MPOAYKTH N0OpE MePEHOCIThCS MalliEHTAaMU, 110 MiIBUIILYE
MPUXUIBHICTD 10 Teparlii. Buchoeku. BukoprcTaHHs TepMoILIac-
TUYHO €KCTPYIOBaHUX MPOAYKTIB y AieToTeparii nauieHTiB i3 XI1
€ TIepCITIEKTUBHUM HAIIPSIMOM Y JIIKYBaHHI 1IbOTO 3aXBOPIOBAHHSI.
BoHo 103BosIsiE 3a6€3MeYNTH KOPEKIIil0 HYTPUTUBHOTO CTAaTyCy,
TMOJTITIIUTY SIKICTh KUTTSI, @ TAKOX CIPUSITU 3HVKEHHIO PUBUKY
YCKJIQJIHEHb, MTOB’SI3aHUX i3 META0OTIYHUMU TTOPYIIEHHSIMU.
Kuo4oBi ciioBa: xpoHiuHmii maHKpeaTuT; MeTabosIiuHi MOpyLIEH-
Hsl; eKCTPYIOBaHi MPOAYKTU; HYTPUTUBHA IMTiIATPUMKA; TiETOTEpa-
mist; GyHKIIOHAJIbHE XapuyBaHHS
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