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Abstract

Lipids are one of the main nutrients determining nutritional value. The fatty acid composition of the developed
gerodietetic product’s for enteral nutrition lipids and its biological effectiveness were researched. The determination
of the lipids content was carried out by gravimetric method, Folch’s method was applied for their extraction. Fatty
acids composition was analysed by gas chromatography method. Identification of fatty acids composition was carried
out by comparing the obtained mass spectra with standard ones, their content was calculated by the area of the
corresponding peaks. The coefficient of lipids biological significance was calculated as the ratio of eicosapentaenoic
and docosahexaenoic acid (DHA) polyunsaturated fatty acids (PUFAs) sum to the mass fraction of total lipids. Based
on the conducted research it was found lipids content in the developed product is 11.82+0.13 mass%. PUFAs
dominate among them (44.85 mass%). The ratio of polyunsaturated, monounsaturated and saturated fatty acids is
1.00:0.52:0.67. Linoleic acid predominates on the quantitative composition of product’s fatty acids (22.19 mass%).
The content of omega-3 fatty acids is 11.84 % of total lipids. The ratio of omega-3 to omega-6 fatty acids is 1.00 : 2.07,
corresponds to the norms recommended in emergencies - 2.0 : 1 - 4.0 : 1. The content of omega-3 fatty acids is11.84
mass%. The ratio of omega-3 to omega-6 fatty acids is 2.07 : 1 and corresponds to the norms recommended for people
in in emergencies - 2.0 : 1 - 4.0 : 1.The estimated biological significance of the developed product’s lipids is 40.4 %.
The research results provide an opportunity to state that the developed gerodietetic product’s for enteral nutrition
fatty acid composition is characterized by rather high nutritional value. It was experimentally confirmed that the
developed product is characterized by sufficiently high content of PUFAs, in particular linoleic, a-linolenic, EPA, DHA.
Keywords: lipids; fatty acid composition; products for enteral nutrition; nutritional and biological value; representatives of the
older age groups.

YKUPHOKHMCJIOTHUM CKJIAJ TEPOJAIETUYHOIO MPOAYKTY AJIA EHTEPAJIBHOTO
XAPYYBAHHA

Harania B. [lputynbscebka, JiIMmutpo I1. AHTIOIKO

JepacagHutl mopeosenbHo-eKOHOMIMHUU yHigepcumem, 8ya. Kiomo, 19, Kuis, 02156, Ykpaina
AHoTalnia
Jlimigy € oAHMM i3 OCHOBHUX HYTDPIi€HTIB, M0 3a6e3Nme4yyl0Th XapyoBy MLiHHiCTb. Y crTaTTi JociaigkeHo
JKUPHOKMCJIOTHUI CKJIaj, JimigHoi cKJ1afoBOi po3po06/eHOro repoji€TMYHOrO MNPOAYKTY JJsA €eHTepabHOro
Xap4yBaHHS, NPOBeAeHO OL[iHKY NOKa3HUKIB ii 6iosioriuHoi epekTUBHOCTI. BusHayeHHs BMicTy jiniAiB npoBejeHo
rpaBiMeTpUYHUM METOAOM, AJIA IX eKCTpaKLii BUKoprcTaHo MeToA ®osrya. CKiaJ »KMPHUX KMCJIO0T IPpOaHa/1i30BaHO
MeTOAOM ra3oBoi xpomarorpadii. IneHTHdikanio ckiaaAy *KMPHUX KHCJIOT 3AiHCHIOBAJIM LUJIAXOM NOPiBHSIHHS
oJep>KaHUX Mac-CHeKTPiB 3i cTaHAAPTHMMM, BMiCT pO3paxoByBa/Id 3a IUIOIIel0 BigmoBiaHux mikiB. KoedinmieHT
GiosioriyHoi 3HauMMocTi JlimiZiB po3paxoBaHO AK BigHOmEHHS CcyMH eiiko3aneHTtaecHoBoi (EIIK) Ta
Aoko3arekcaeHoBoi (II'K) mosliHeHacMYeHUX >KUPHUX KUCJOT A0 MAacOBOI YAaCTKM 3arajibHHUX »kupiB. BctaHoB/1eHO,
10 BMICT JIimigiB y po3po6ieHoMy NpoAyKTi ckiagae 11.82+0.13 mac.%. Cepes HUX JOMiHYIOTh NOJIiHeHacCHU4eHi
)KupHi Kuciaotu (44.85 mac.%). CniBBigHOIIEHHs MOJIiHEHACMYeHUX, MOHOHEHAaCMYeHUX i HaCHYeHUX KUPHHX
KHUCJA0T cTaHOBUTH 1.00 : 0.52 : 0.67 BignoBigHO. 3a KiJIbKiCHUM BMiCTOM y NPOAYKTi epeBaka€ JiiHoJIeBa KUCI0Ta
(22.19 mac.%). BmicT omera-3 :KMpHUX KUCJIOT CTAaHOBUTH 11.84 mac.%. CniBBigHOIEeHHs oMmera-3 i oMera-6 >KUpHUX
KHUCI0T ckiagae 1.00: 2.07 i BignoBigae HopmaM, peKOMEeHA0BaHUM /I JII0Ael Yy HaA3BUYailHUX cuTyaniax - 2.0 : 1-
4.0:1. KoedinieHT 6ios10riyHOi 3HA4YuUMOCTi JiniAiB po3po6sieHOro npoaykry ckiaajgae 40.4 %. Pesyabratu
AOCTiP)KeHHs1 YKUPHOKUCJIOTHOTO CKJIaAy JimiJiiB po3po6/eHOro repoAi€TUYHOr0 NMPOAYKTY AJISI €HTepa/ibHOro
Xap4yyBaHHA CBiJ4aTh NPO IX AOCUTH BUCOKY Xap4O0BY L[iHHiCTb, 36a/1aHCOBaHicTh. EKciepyMeHTa/IbHO BCTAHOBJIEHO,
110 pO3pOGJeHHNA CyXMi pO3YMHHHUU BUPI6 XapaKTepH3y€ETbCA JOCTAaTHbO BHUCOKMM BMIiCTOM NOJIiHEHAaCM4Y€HUX
»’KUPHUX KUCJIOT, 30KpeMa JIiHO0/1eBOi, a-1iH0JIEHOBOI, eK03aNleHTA€EHOBOI, J0K03areKCa€HOBOI.
Karouosi caosa: ninifiy; »KUPHOKUCIOTHUM CKJIaJ; NMPOAYKTH [Jisi eHTepaJbHOr0 XapuyyBaHHs; XapuyoBa Ta 6ioJioriyHa
LiHHICTb; NPEACTAaBHUKHU CTAPIIUX BIKOBUX IpyIl.
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Introduction

The current global demographic situation can
be characterized by a clear trend in the aging of the
population. According to the World Health
Organization’s specialists’ data in 2020 the
number of people, aged 60 years and older,
exceeded level 1 billion. It is forecasted that 2050
this number will be doubled to 2.1 billion (from
12 % to 22 %) [1]. The United Nations officials
state that in 2050, the number of persons aged 65
years or older across the world will be twice the
number of children under 5 years, almost the same
as that of children under age 12 [2]. This global
trend is especially relevant for Ukraine, where the
number of people, aged 60 and older, exceeded 10
million and is nearly 25% of the total
population [3].

Aging is considered an inevitable physiological
process that occurs with the body throughout life.
According to generally accepted scientific data
[4; 5], it is defined as a complex process that is
characterized by a gradual decrease adaptability
of organism to the environment’s conditions, a
decrease, and loss of psychophysiological
functions. It is appropriate to note that as a result
of this process, there are gradual changes in the
state of the body's systems, in particular the
digestive, cardiovascular, immune, nervous,
musculoskeletal, and its organs. Also, energy
imbalances are observed, the productivity and
intensity of the metabolic process decrease [5-7].
It has been scientifically established that nutrition,
balanced with the physiological needs, can
minimize negative processes of age-related
changes and improve the quality of life [4; 8; 9].

Nutrition is naturally considered to be one of
the main factors that determine a human being's
lifestyle and standard of living. Its compliance
with the organism’s metabolic needs ensures the
possibility of maintaining a full-quality life,
performing physical and intellectual activities,
and being an active member of society in great
measure. As a means of ensuring physiological
needs and recovery, reducing the effects of
negative external and internal factors, nutrition is
especially important in emergency situations. In
particular, examples of such conditions are cases
when the body is subjected to increased psycho-
emotional and physical loads, stresses, injuries,
diseases, traumas, including somatic. In this
regard, the practice of consuming (using) food for
special medical purposes is quite common
nowadays [10-12].

It should be noted that according to the
internationally recognized norms, in particular

provisions of Regulation Ne 609/2013 of the
European Parliament and the Council mentioned
items of foodstuffs are defined as "food specially
processed or formulated and intended for the
dietary management of patients, including infants,
to be used under medical supervision; it is
intended for only or partial feeding of patients
with a limited, impaired or disturbed capacity to
take, digest, absorb, metabolise or excrete
ordinary food or certain nutrients contained
therein, or metabolites, or with other medically-
determined nutrient requirements, whose dietary
management can’'t be achieved only by
modification of the normal diet".

The analysis results of the current state of the
food for special medical purposes market indicate
that at the international level it is developing quite
intensively. This is confirmed by the fact that in
2023 the volume of these products world market
exceeded 14 billion US dollars [13]. It was also
investigated that according to the specialists’
market forecasts [13], the volume of this market
segment should exceed 19.5 billion US dollars.
USA and the average compound annual growth
rate (CAGR) is expected to be near about 5.8 %. At
the same time, it is appropriate to note that
despite the war and a significant injured people in
Ukraine, the national market of the country is
slightly developed (it is about 0.1 % of the global
market) and is characterized by a low quantity of
this assortment group products manufactured by
domestic enterprises [14; 15].

One of the types of food for special medical
purposes are products for enteral nutrition. These
varieties of products, intended for oral
consumption or introduction through a
nasogastric tube, are focused on ensuring the
metabolic needs of the body, correcting and
eliminating its disorders, caused by negative
external and internal factors [12]. Optimum
provision of nutritional needs allows to reduce
pathological consequences, increase the body's
protective functions, optimize and accelerate its
recovery in the process of impact from
emergencies, including for representatives of
older aging groups. Due to this, products for
enteral nutrition are becoming more and more
widely spread.

Taking into account the limited assortment of
food for special medical purposes in Ukraine and
the need to take into account age-related changes
in the body during aging process, the gerodietetic
product for enteral nutrition was developed [16].
To simplify the conditions of transportation and to
extend the period of storage the product is offered
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in a dry soluble form. It is provided that
preparation for consumption (use) should be done
by dissolving a portion of the dry product’s
mixture (50 g) in prepared boiled water at a
temperature of 15-30°C (200 cm3 or more
according to needs and preferences).

It has been scientifically proven that food lipids
provide 2 main physiological functions in the
human body: non-specific (energy) and specific.
The last one consists in providing essential fatty
acids, fat-soluble vitamins, substrate for
biosynthesis and building up the cell envelope,
adipose tissues of the body [17]. Polyunsaturated
omega-3 fatty acids, in particular
eicosapentaenoic (EPA) and docosahexaenoic
(DHA) fatty acids, are important for organism,
especially injured, antioxidant and anti-
inflammatory protection [18; 19]. Also they are
important for  preventing cardiovascular
disease [18]. An improper ratio of fatty acids in the
diet can lead to various physiological problems,
including inflammatory diseases, obesity and
cardiovascular disorders. Balanced consumption
of fatty acids contributes to the general health
improvement and human body well-being. The
ability to meet special metabolic needs in optimal
fatty acid composition is essential for people in
emergencies. In this regard, the content and ratio
of fatty acids is an important indicator of biological
value. The polyunsaturated fatty acids presence of
is considered an indicator of lipid metabolism [17;
20].

The purpose of the research is to identify the
fatty acid composition of the lipid component of
the developed enteral nutrition product and
evaluate its biological effectiveness.

Materials and methods

The object of the research was the developed
gerodietetic product for enteral nutrition [16]. Itis
stipulated that the constituent components of this
dry soluble product are (per 100 g): whey protein
concentrate  WPC-80 (25.00 g), monodisperse
maltodextrin (25.00 g), glucose (20.00 g), omega-
3 polyunsaturated fatty acids derived from
microalgae Ulkenia sp. and presented in casein
matrix (the content of omega-3 fatty acids is more
than 90 %) (10.80 g), fructose (10.00 g), dietary
fiber (5.34 g), l-glutamine (2.00 g), I-methionine
(0.50 g), l-tryptophan (0.30g), ginseng root
extract (0.50 g), ascorbic acid (0.25 g), I-tyrosine
(0.10 g), glucosamine hydrochloride (0.10 g),
creamery calcium (41 mg), coenzyme Q10
(30 mg), magnesium hydrophosphate (22 mg), -

carotene (8 mg), calciferol (5 mg), riboflavin
(2 mg), pyridoxine (2 mg).

The product for enteral nutrition “Peptamen”
manufactured by the company "Nestle"
(Switzerland) was chosen as a control sample. It is
established that according to the information
presented on the labelling the control product
contains: maltodextrins, enzymatically
hydrolyzed whey and soy proteins, sucrose,
fructose, middle-chain triglycerides, potato starch,
soy oil and lecithin, lime carbonate, sodium

phosphate, magnesium  chloride, choline
bitartrate, flavour identical to natural (vanillin),
potassium  phosphate, sodium  ascorbate,

magnesium citrate, l-carnitine, taurine, retinol
acetate, zinc sulfate, pyridoxine hydrochloride,
thiamine, riboflavin, niacin, folic acid.

Sampling and preparation of products samples
for research were provided according with the
provisions of the standard ISO 707:2008 [21].

Determination of the content of total lipids
from samples was carried out by the gravimetric
method [22]. Folch's method [23] was applied for
the extraction of total lipids from products
samples. Products samples were homogenized in
a chloroform-methanol mixture (2 : 1, by volume),
centrifuged in a refrigerated centrifuge CM-50M
(Latvia) to separate the water-soluble and organic
phases. After that, the organic phase was
separated, the chloroform was evaporated using a
mini-evaporator. The amount of total lipids in
each sample was expressed as a percentage of dry
weight.

The composition ratio of fatty acids was
analysed using the method of gas chromatography
[24; 25] in a gas chromatograph HP-6890 (Great
Britain) with the mass-selective detector HP-
5972. Also, non-polar 30 m x 0.25 mm x 0.25 pm
capillary column HP-5MS (5% Diphenyl) was
used. Gas chromatograph operating parameters
were following: Helium was used as a carrier gas,
its flow rate - 1 cm3/min, sample volume - 1 pl,
evaporator temperature - 250°C, its initial
temperature - 45 °C, heating rate - 10 °C/min,
final temperature - 280 °C, holding time at 280 °C
- 5 min. The parameters of the detector were as
follows: the temperature of the ion source and the
interface line was 280 °C. The identification of
fatty acids was carried out by comparison with the
corresponding mass spectra of standard ones,
using stated in the electronic databases “Wiley
138” and “Nist 02 Spectra Lib” [26]. Analysed fatty
acids were expressed as a percentage of total
quantity basing on the area of the corresponding
peaks on the chromatogram.
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The biological significance of products lipids
was calculated as the ratio of the sum of
eicosapentaenoic acid (EPA) and docosahexaenoic
(DHA) PUFAs to the mass fraction of total fats [27].

The repeatability of the samples was fivefold, of
the studies - triple. Statistical analyses were
performed using MATLAB software (R2023b
v23.2.0). The significance of the difference in
mean values was assessed using the Student's
parametric t-test. The difference is considered
reliable at p < 0.05.

Results and their discussion

Based on the results of the research, it was
established that content of lipids in the developed
productis 11.82+0.13 g/100 g, while, the value of

the corresponding indicator for the control
sample is 16.79£0.15. It shows that lipids content
in the control product is higher by almost
4.97 g/100 g (29.6 %). It is explained by the fact
that the developed product was intended to meet
the metabolic needs of persons in the older age
group.

The qualitative and quantitative composition of
fatty acids is reasonably considered to be
important indicators that allow assessing the
value of the lipid component of food products.
Taking this into account, the fatty acid
composition of lipids of products for enteral
nutrition was researched. The results are
presented in Table 1.

Table 1
Fatty acid composition of lipids of dry soluble products for enteral nutrition
P>0.95n=15
. Mass fraction of fatty acids, % of total lipids
Fatty acids
Control sample Developed product

Saturated fatty acids (SFAs)

3:0: Propionic acid 0.060+0.005 0.040+0.005
9:0: Pelargonic acid 0.340+0.010 traces
10:0: Capric acid 0.040+0.005 0.020+0.005
11:0: Undecylic acid 0.620+0.050 0.280+0.010
12:0: Lauric acid 0.070+0.005 0.050+0.005
13:0: Tridecylic acid 0.320+0.010 traces
14:0: Myristic acid 4.760+0.020 8.010+0.050
15:0: Pentadecylic acid 0.820+0.020 0.210+0.010
16:0: Palmitic acid 18.410+0.500 17.710+0.460
17:0: Margaric acid 0.620+0.020 0.110+0.010
18:0: Stearic acid 5.420+0.100 2.610+0.050
20:0: Arachidic acid 0.340+0.020 0.240+0.010
21.0: Heneicosanoicic acid 0.280+0.020 0.210+0.010
22:0: Behenic acid 0.810+0.020 0.310+0.010
24:0: Lignoceric acid 1.310+0.020 0.360+0.010
Total SFAs 34.220+0.825 30.160+0.645
Monounsaturated fatty acids (MUFAs)
12:1: Lauroleic acid 0.210+0.010 traces
14:1: Myristoleic acid 0.520+£0.010 0.230£0.010
16:1: Palmitoleic acid 3.740+0.100 6.450+0.500
18:1: Oleic acid 18.540+0.800 16.360£0.650
20:1: Gondoic acid 0.180+0.010 0.260+0.010
22:1: Erucic acid 0.210+0.010 0.130+0.010
Total MUFA 23.600+0.940 23.430+1.180

Polyunsaturated fatty acids (PUFAs)

16:2: Hexadienoic acid 0.670+0.050 0.340+0.010
16:3: Hexadecatrienoic acid 2.580+0.050 6.720+0.100
18:2: Linoleic acid 25.720+0.500 22.190+0.500
18:3: a -Linolenic acid 4.540+0.100 5.430+0.100
18:4: Stearidonic acid 1.940+0.020 1.230+0.020
20:4: Arachidonic acid 0.950+0.050 1.780+0.020
20:5: Eicosapentaenoic acid (EPA) 1.540+0.030 2.740+0.500
22:2: Docosadienoic acid 0.380+£0.020 0.220+£0.010
22:3: Docosatrienoic acid 0.280+0.010 0.200+£0.010
22:4: Docosatetraenoic (adrenic) acid 0.170+0.010 0.330+0.050
22:5: Docosapentaenoic acid (DPA) 0.640+0.010 1.630+0.050
22:6: Docosahexaenoic acid (DHA) 1.140+0.050 2.040+0.050

Total PUFAs 40.750+£0.900 44.850+1.420
Unidentified 1.430+0.040 1.560+0.050

Total 100.00 100.00
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The results of the research of the fatty acid
composition of the developed product indicate
that PUFAs are dominating among presented fatty
acids (44.85 mass%). Their quantity in the
developed product is 9% higher compared to the
control sample. This is explained by a more
balanced approach to meeting the specific needs
of older aging groups representatives in
emergency situations.

Linoleic acid (18 : 2) prevails among PUFAs,
presented in the composition of both products: in
the developed product its content is 22.19 mass%,
in the control it is 25.72 mass%. Such content of

this nutrient is justified by its important value for
plastic processes, regeneration. It is worth noting
that to ensure the proper conditions for recovery.
a-linolenic fatty acid is present in both samples. In
particular, its content in the developed product is
16.4 % higher than in control one.

According to generally accepted norms, the
biological value and physiological efficiency of
lipids are significantly determined by the ratio of
fatty acids, their balance. In practice, a
corresponding analysis was conducted to evaluate
these criteria. The obtained results are presented
in Table 2.

Table 2
Indexes of biological value of dry soluble products for enteral nutrition lipids
Indexes of lipids biological value Control sample Developed product
Amount of omega-3 fatty acids, % of total lipids 7.86 11.84
Amount of omega-6 fatty acids, % of total lipids 27.22 24.52
PUFAs : MUFAs : SFAs ratio 1.00: 0.60: 0.84 1.00: 0.52: 0.67
The ratio of omega-3 to omega-6 fatty acids 1:3.46 1:2,07
The ratio of linoleic acid to a-linolenic acid 1:5.67 1:4.09
On the basis of the data submitted in table 2, it Conclusions

was established that the nutritional value of the
lipids of the studied products is rather high. This
is confirmed by rather high content of omega-3
and omega-6 fatty acids in the products. In the
developed product the content of omega-3 fatty
acids is 33.6% higher than in control one. At the
same time the content of omega-6 fatty acids is
almost 10% lower. The ratio of these acids in the
developed dry product is 1:2.07 while in the
control one - 1 : 3.46. For both analysed products,
the ratio of the studied nutrients corresponds to
the norms recommended people in critical
conditions, in particular during inflammatory
reaction-1:2-1:4[20; 28].

Based on the obtained results about the ratio of
the sum of eicosapentaenoic acid (EPA) and
docosahexaenoic (DHA) PUFAs (4.780 mass%) to
the mass fraction of total fats (11.82 mass%), it
was established that the biological significance of
the developed product’s lipids is 40.4 %. At the
same time, the corresponding value of the control
sample is about 15.9 % (almost 2.5 times lower).
This is ensured by the fact that omega-3 PUFAs in
the casein matrix are used as raw materials to
provide the lipid component of the developed
product.
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