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Introduction. The current global demographic
structure of the population shows a significant
rate of aging in the world and in Ukraine. One
of the modern means of properly meeting the
nutritional needs of older people is the con-
sumption (use) of products for enteral nutrition.

Problem. The volume of the Ukrainian market
of products for enteral nutrition is less than
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0.5 % of the world, which requires expanding
the range and volume of these products.

The aim of the work is to study the physical
and chemical properties of the developed in
Ukraine gerodietetic product for enteral nutrition.

Methods. The object of research is the deve-
loped gerodietetic dry soluble product for enteral
nutrition. The control sample was a similar
product Peptamen (TM Nestle, Switzerland).

There were used the following methods:
electron microscopy, drying, ashing, potentio-
metric, refractometric, pycnometric and others.

Results. The microstructure of the dry pro-
duct is determined by the low bulk density and the
positive effect of small particle sizes on the
solubility in the liquid. The low mass fraction of
moisture (3.1 %) allows to ensure its proper
storage and the high ash content (2.6 %) indicates
its biological value. The peroxide value of the
extract of the fatty component (2.5 mmol/kg /2 O)
indicates a low amount of unsaturated fatty acids
and the freshness of the product’s lipid com-
position.

The product in liquid form, prepared in
accordance with the developed recommendda-
tions, is slightly acidic and close to neutral, which
maintains the normal acid-base balance of the
body and a positive effect on the activity of pro-
teins and nucleic acids. The mass fraction of dry
soluble substances (15.1 %) and the solubility
index (0.20 cm® of raw sludge) indicate the high
solubility of the components of the product. The
experimentally ~ stablished  density  value
(996.2 kg/m*) indicates compliance with the
intended functions.

Conclusions. The developed gerodietetic
product for enteral nutrition is characterized by
proper physicochemical properties. It was
experimentally confirmed that this product has
better solubility in dry form and homogenous
consistency and digestibility in liquid state.

Keywords: physical and chemical proper-
ties, gerodietetic product for enteral nutrition,
dry powdery form, ready for consumption liquid
product, consumer advantages.

3a 0.5 % 3arasbHOCBITOBOTO, II0 MOTPEOYE PO3-
MAPEHHS ACOPTUMEHTY Ta 00CSTIB ITi€T ITPOTYKITIT.

Mema pobomu — nocimKeHHsT HI3UKO-XiMiY-
HUX BJIACTHBOCTEH po3p0o0IeHOT0 B YKpaiHi po-
JyKTY JUIsl €HTepaIbHOTO Xap4yBaHHS repoie-
TUYHOT'O IPU3HAYCHHH.

Mertomu. O0’€KT JOCITIHKEHHS — PO3pOOIICHNI
CYyXUM PpO3YMHHMU IPOAYKT L1 EHTEPATIBLHOIO
Xap4yBaHHsI TePOIIETUIHOrO NMpH3HaueHHs. KoHT-
poits — aHasnoriuauit Bupi6 Peptamen (TM Nestle,
[IBetinapis).

3acTOCOBAHO METOIM: EJIEKTPOHHOTO MIKpO-
CKOITyBaHHSI, BICYIITyBaHHsI, 030JICHHSL, TIOTCHIIIOMET-
pyuHMiA, pepaKTOMETPUYHHUHN, TTKHOMETPIIHHI
Ta IHIIIL.

PesyabTatn aociimkeHHs. 3a MIKPOCTPYK-
TYPOIO CYXOrO NPOIYKTY BH3HAUEHO HH3bKY Ha-
CHITHY Bary Ta IIO3UTUBHUI BIUTUB MAJIX PO3MIpIB
YaCTHHOK Ha PO3YMHHICTb Y pizuHi. Hu3bka MacoBa
yactka Bosiord (3.1 %) yMOXIHMBITIOE T0Ope 30epi-
TaHHs, a TiIBHIICHAH BMICT 301 (2.6 %) CBiTIUTh
Tpo oro GionoriyHy HiHHICTE. [lepokcuae uncio
€KCTPAaKTY KHPOBOI CKJIa/10B0i (2.5 MMOIB/KT /2 O)
BKa3ye HA HU3bKY KUTBKICTh HCHACHICHIUX SKUPHHX
KHCIIOT i CBDKICTB JIIITITHOTO CKIIaTy BUPOOY.

Pinkuii IpoyKT, IiATOTOBICHHH BiIIOBITHO
JI0 PO3pOOJIEHNX peKOMEeHMaIlii, € crabokuc-
JUM 1 OTU3BKUM JI0 HEUTPAILHOTO, 10 3a0e3-
nevye MATPIMKY HOPMAJIBHOTO KHCJIOTHO-ITyXK-
HOro OajaHCy OpraHi3My Ta TMO3UTHBHHUN
BIUIMB Ha aKTUBHICTh OUIKIB 1 HYKJIETHOBHX
KHCJIOT. MacoBa 4acTKa CyX X PO3UMHHIX PEYOBHUH
(15.1 %) Ta innekc pozunnnocrti (0.20 cm® cuporo
ocajty) CBi4aTh PO BUCOKY PO3YMHHY 3/1aTHICTh
CKJIQ/IOBHX KOMIIOHEHTIB BHpOOy, a 3HaueHHs
rycturn (996.2 kr/M®) — mpo BiANMOBiOHICTH
nependavyBaHUM (YHKITISIM.

BucnoBku. Po3pobneHuii mpoayKT IS €HTe-
PaNIBHOTO Xap4yBaHHSA TEPOAIETHYHOrO NpU3HA-
YeHHS XapaKTepU3y€eThCs HANCKHUMHU (i3HKO-
XIMIYHAMH  BJIACTUBOCTSIMH, IO EKCIIEPUMEH-
TaJILHO MiITBEPIKEHO, — MA€ KPaIlly PO3YMHHICTb
Yy CyXOMy BHUIVISIII ¥ OIHOPIIHY KOHCHUCTEHIIIIO
1 3aCBOIOBAHICTB Y PIIKOMY.

Kniouogi crnoesa: }pizuko-xiMiuHi BlacTy-
BOCTI, IPOJYKT JUIsl eHTEPAIbHOTO XapyyBaHHs
repoJiETHYHOTO NPU3HAYEHHS, CyXa ITOPOIIKO-
monioHa (hopMa, TOTOBHH IO CIIOKUBAaHHS Pif-
KW BUPiO, CIIOKMBYI IIEpEBary.

Introduction. The current global demographic structure of the
population indicates a significant rate of aging. This is confirmed by the data
of the World Health Organization and the United Nations Organization that
the average age of the world’s population is growing steadily. According to
the forecasts, that were developed by the representatives of these
organizations, in 2025 the share of people over 60 years will be about 20 %
of the total population and in 2050 it will increase to almost 30 %
(approximately 2 billion people) [1; 2].
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Nowadays Ukraine is among the top 10 world leaders in terms of the
population average age growth rate and the growth dynamics of people over
60 total share [1; 2]. In addition, according to the data of State Statistics
Service of Ukraine [3] in early 2021, the total number of people aged 60 and
older exceeded 10 million and now is approaching 25 % of the total
population. That is why the situation, connected with the population aging,
is especially relevant for our country.

It is an indisputable that to ensure proper functioning of human body
the appropriate level of nutritional needs should be provided. Especially great
importance the optimal level of well-balanced nutrition plays for people,
whose body is characterized by changes in metabolism as a result of aging
processes, including the functions of the digestive, cardiovascular, immune,
nervous, musculoskeletal systems, energy imbalances, decreased overalls of
body mobility, its functionality and adaptation abilities, reliability of
biochemical and enzymatic mechanisms, speed of metabolic neurohumoral
regulation, which acquire a particularly pronounced character after 60 years.
That is why the consumption (usage) of specially modeled products for enteral
nutrition is considered to be one of the widely spread modern trend of proper
nutritional supply for older persons, especially with increased physical and
emotional stresses, diseases and injuries, including somatic.

The modern world market of enteral nutrition is characterized by
significant and dynamic development. This fact can be proved by the statistical
data [4-8] about its volume. In particular, at the end of 2020 it amounted almost
3.98 billion euros and is expected to exceed 6 billion euros in 2025. It is also
should be noted that during 2015-2020 the annual growth level of analyzed
segment of the international market was nearly 12 % [5; 6].

Problem. It should be stated that in Ukraine the volume of national
market of products for enteral nutrition is less than 0.5 % of the world one. It
1s mainly represented by foreign products: Ukrainian analogs are almost
absent at the national market, foreign products have rather high cost and
limited assortment for target consumers [8; 9]. As a result, it can be stated
that the national market of enteral nutrition is saturated inadequately.

For increasing the level of target customers satisfaction, first of all
persons of older age categories, including with increased physical and
emotional stresses, during diseases and injuries, including somatic, treat-
ment, rehabilitation after it basing on scientific data about peculiarities of the
older aging groups’ representatives nutritional needs [10—19] the scientists of
the State university of trade and economics and the state institution
"Ukrainian national academy of medical sciences institute of gerontology
n.a. D. F. Chebotarev" have developed domestic gerodietetic dry soluble
product for enteral nutrition [21].

The peculiarities of the target category of consumer needs, the process
of enteral nutrition consumption (usage), product’s preparation for it, its
production, realization, transportation and storage cause increased requi-
rements for physical and chemical properties of this products category, both
in dry and soluble and ready for consumption state.
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The analysis of latest researches and publications. The great con-
tribution for the development of gerodietetic nutrition’s basic provisions, its
principles forming has been done by national and foreign researchers:
D. Chebotariov, Yu. Hryhorov, P.Karpenko [14], Yu.Havalko [15],
M. Russell [10], P. S. Shwe, S. A. Ward [11], N. Abd Aziz[12], L. Lorenzo-
Lopez [13], J. Wei, W. Chen [16] and others.

The significant role for research of products for enteral nutrition
physical and chemical properties and the development of recommendations
for them 1s stated in the works of following scientists: N. Prytulska, M.
Hulich, Yu. Motuzka [21], in particular the properties of the developed pro-
ducts for enteral nutrition were researched, O. Loshak [22] evaluated the
effectiveness of products for enteral nutrition consumption was studied,
I. Baiu [23], O. Ojo [24], J. Payne-James [25], P. Guenter [26] studied con-
sumer advantages of these products group.

The aim of this work is to study the physical and chemical properties
of the developed in Ukraine gerodietetic product for enteral nutrition.

Methods. The object of presented in manuscript research is the
developed gerodietetic dry soluble product for enteral nutrition based on
whey protein concentrate as described earlier [20]. The product for similar
purpose Peptamen, dry soluble product for enteral nutrition, produced by the
foreign company Nestle (Switzerland), was the control sample. For being the
control sample the most presented in the market of Ukraine product was
chosen. Products sampling and their preparation for the experiments were
provided according ISO 707:2008 [27].

During providing the research of products in dry powdery form
physical and chemical properties the following methods were used: the
particle size — by electronic microscopy using Digital Microscope BW-400X
(China) and computer program Micro-Measure Version 1.20, mass fraction
of moisture and ash — by drying to constant mass [28] and ashing without the
use of accelerators [29] using drying cabinet Ulab DHG-9070A, peroxide
value of lipid component’s extract — by visual titrometric oxidetion after the
corresponding extraction of the sample using Soxhlet apparatus [30]. For the
investigation of the physical and chemical properties of the products in liquid
ready for consumption form, the next methods were used: active acidity — by
potentiometric titration using pH-meter Ulab MP 511, total (titrated) acidity —
by visual titrometric method [32], mass fraction of dry instant substances —
by refractometry [33], solubility index — by centrifugation and measuring
insoluble precipitate in product sample in liquid form [34], density — by
pycnometricly [35].

During providing the research replication of the experiments was quin-
tuple, the analysis was repeated three times. Mathematical and statistical data
analysis was provided using computer with a help of computer program MS
Excel. The identified reliability of the obtained results was higher than 95 %.

Results. One of the basic factors, which determine the level of needs
satisfaction for target consumers of products for enteral nutrition and its
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customers advantages, is their physical and chemical properties. They deter-
mine the compliance of these products with metabolic peculiarities of their
consumption (usage), easiness of preparation for it, transporting, realization
and storage.

Taking into account the fact that during realization on consumer
market products for enteral nutrition will be presented in dry soluble form
a great attention was paid to the research of their microstructure. As a result
of electronic microscopy research the data about particle size of dry instant
products was received (Table 1).

Table 1

The results of dry instant products for enteral nutrition particles size research
P>097;n=5

Tested samples — Particle size, um -
minimum maximum
Control sample 261.0+ 1.5 987.5+1.5
Developed product 2155+ 1.5 947.0+ 1.5

The detailed analysis of the research results gives a possibility to
confirm that particle size of the developed dry soluble product was smaller
than the same parameter of control sample (minimum on 17-18 %, maximum
—on 4 %). In addition, it should be noted that the particle size of proposed
dry mixture was generally characterized by uniform dimensions. Thus, it
gives a possibility to claim low bulk density of the developed product and
positive influence of small particle size on solubility in liquid substances [36].

Also, mass fraction of moisture, ash and peroxide value of lipid
component’s extract were determined in gerodietetic dry soluble product for
enteral nutrition (Table 2).

Table 2

Mass fraction of moisture, ash, peroxide value of lipid component’s extract
of dry instant products for enteral nutrition

P>0.95;n=15

gILMATOdI XHUIdORhdVX

Indexes Tested samples
control sample developed product
Mass fraction of moisture, % 4.16 £0.04 3.11+£0.03
Ash, % 2.492+0.016 2.611+0.015
Peroxide value of lipid component’s extract, mmol/kg /> O 2.5+0.5 2.5+0.5

Based on the obtained results, the fact that mass fraction of moisture
in the developed gerodietetic product for enteral nutrition corresponds to the
requirements, established by Technical conditions [37] of the product’s
manufacturing enterprise, was established. This index’s value in the proposed
mixture is lower than appropriate in the control sample (on 33.7 %). Itis,
probably, explained by the difference of moisture’s mass content in raw
components that were used in the process of the researched products
manufacturing.

ILOOME BEHHAXYIVOOY
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The identified ash value, which indicates the presence and content of
mineral elements and is stipulated by used mineral substances and other raw
components, confirms that developed gerodietetic product for enteral nut-
rition in dry powdery form is characterized by rather high content of mineral
inorganic substances in a form of salts. In particular, ash value of the
developed dry soluble product is slightly higher (on 4.7 %) comparing with
the control sample

The identified peroxide value of lipid component’s extract of the deve-
loped gerodietetic product for enteral nutrition in dry powdery form is the same
with the value of appropriate index for control sample and indicates low quantity
of unsaturated fatty acids and freshness of lipid composition.

To identify the compliance of physical and chemical indexes of pro-
ducts for enteral nutrition in ready for consumption liquid state (prepared
according with the developed recommendations [20]) with special metabolic
needs of target consumers category and factors, which determine an ability
for usage and the convenience of preparation for consumption, the research,
results of which are presented in Table 3, was held.

Table 3

Physical and chemical properties of products for enteral nutrition
in ready for consumption liquid form

P>095;n=15
Indexes Tested samples
control sample developed product

Active acidity, pH units 6.31+0.01 6.07 £0.01

Total (titrated) acidity, °T 22+1 20+ 1

Mass fraction of dry instant substances, % 152+0.5 15.1+0.5
Solubility index, ml of sediment 0.20 + 0.05 0.20 = 0.05
Density, kg/m3 998.20 + (.02 996.22 £ 0.02

The analysis of obtained data gives an opportunity to state that the
active and total (titrated) acidity indexes values are weakly acidic and close
to neutral level. It indicates an ability to maintain a normal acidic-base
balance, positive influence on activity of proteins and nucleic acids. Iden-
tified mass fraction of dry soluble substances and solubility index values that
are almost the same for both samples indicate rather high solubility of used
constituent components.

It is widely accepted that for providing proper consumption (usage)
conditions products for enteral nutrition should be characterized by homo-
geneous liquid consistency and low density. Its importance is provided by the
possibility of enteral nutrition (in ready for consumption form) probe insertion
and the necessity of need to minimize the efforts for its oral consumption.
Obtained results of conducted mass fraction of dry soluble substances, density’s
researching, that are almost the same as analogue ones for the control sample,
show the rationality of raw components selection and compliance with the
desired properties of the developed gerodietetic product.
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Thus, the conducting of physical and chemical researches of the
developed gerodietetic product’s for enteral nutrition quality in dry soluble
and pre-prepared liquid form give an opportunity to establish rational choice
of constituent components for ensuring safety, rather high mineral value,
weakly acidic and close to neutral acidity, high solubility in water, proper
density. It, in its turn, confirms developed product’s proper physical and
chemical properties and high consumer advantages.

Conclusions. The developed gerodietetic product for enteral nutrition
is characterized by proper physicochemical properties, as evidenced by the
smaller particle size in the dry soluble state, so it will dissolve better and then
form a more proper consistency, lower mass fraction of moisture and higher
ash content, which indicates about the content of necessary mineral elements.
It was established that in the ready-to-eat liquid state the developed product
is characterized by a lower value of acidity and density and will be better
digested.

The prospects of further researches are the detailed identification
of the developed gerodietetic product’s for enteral nutrition consumer advan-
tages and approbation of its properties physiological effectiveness in clinical
conditions.
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