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HIGH OLEIC SUNFLOWER OIL DECREASES
ENDOGENOUS BIOSYNTHESIS OF ENERGY FATTY
ACIDS AND INCREASES ENDOGENOUS BIOSYNTHESIS
OF ®-3 LONG-CHAIN PUFA

Abstract

The work shows that Fatty acids of dietary fats provide two main functions in the human and animal body: energy and
structural-regulatory, Polyunsaturated fatty acids (PUFA) are the basis of membrane lipids of all cells of the body The structure and
functional activity of cells, their resistance to pathogenic factors depends on the ratio of w-6 / v-3 PUFA. Adherence to recommend-
ed metabolic energy reserves in poultry feed is essential to optimize feed costs. The use of oils or fats is a common economic practice
in modern poultry production. Energy functions are carried out due to the oxidation of energy fatty acids in mitochondria, which
include, first of all, palmitic (C16:0), palmitooleic (C16:0), stearic (C18:1) and oleic (C18:1). In addition to providing energy, edible
oil can also enhance dietary palatability, reduce dustiness, and increase lipoprotein hydrolysis to promote the production of essential
fatty acids. Adipose tissue should be considered not only as a source of various fatty acids, but also as an important endocrine organ
that takes an active part in the activity of the immune system. To determine the effect of a diet with high oleic sunflower oil on the
content of energy fatty acids (EFA) and long-chain PUFA (LCPUFA) in rat liver lipids. We used high oleic sunflower oil (HOSO)
containing 85.5% oleic acid. The rats were fed a fat-free diet (FFD) and diets with 5 or 15% HOSO for 35 days. Lipids were ex-
tracted from the liver and separated into three fractions: neutral lipids (NL), phospholipids (PL) and free fatty acids (FFA). The
fatty acid composition of lipid fractions was determined by gas chromatography. FFA are the sum of the following acids:Cie:0, Cie:1,
Cis:0, C18:1andCis:2. LCPUFA are presented Cao:4 -6, C20:5 w-3, Ca2:5 w-3and Caz:6 w-3. Most of all, EFA is contained in the NL
fraction (89%), then in the PL fraction (79%), and least of all in the FFA fraction (68%). LCPUFA is found most of all in the FFA
fraction (20%), then in the PL fraction (13%), and least of all in the NL fraction (2%). In rats that received fat diets, the content of
EFA increased in the NL fraction by 2-3%, in the FFA fraction by 5-8%, and did not change in the PL fraction. The content of
LCPUFA w-6 (arachidonic acid) with fat nutrition dose-dependently decreases in the fraction of NL and FFA and does not change in
the fraction of PL. On the contrary, the content of w-3 LCPUFA increases in rats treated with HOSO in all lipid fractions. Also, the
w-6/w-3 LCPUFA ratio is significantly reduced in rats treated with HOSO. Consumption of HOSO stimulates endogenous biosynthe-
sis of -3 LCPUFA.

Keywords: fat nutrition, oleic acid, liver lipids, long-chain PUFA, ®-6/®m-3 LCPUFA ratio.

Introduction

Fatty malnutrition is one of the most important
causes of the development of mass noncommunicable
diseases (atherosclerosis, myocardial dystrophy, type 2
diabetes mellitus, obesity). Among these disorders, so
much excessive consumption of fat-containing products
can have a significant place, but their non-optimal fatty
acid composition (due to the large amount of palmitic,
linoleic and trans fatty acids) and a significant deficiency
of polyunsaturated fatty acids (PUFAs), especially -3
series. A deficiency of these PUFAS causes the develop-
ment of vitamin F deficiency, the manifestations of
which are a violation of neuropsychic activity, cardiovas-
cular, immune, digestive and almost all of the body's
defense systems [1, 2, 3].

A deficiency of essential PUFAs in human and
animal food makes their continuous introduction into the
body in the form of PUFA-containing preparations [4, 5].
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Fatty acids of dietary fats provide two main
functions in the human and animal body: energy and
structural-regulatory. Adherence to recommended meta-
bolic energy reserves in poultry feed is essential to opti-
mize feed costs [6].

The use of oils or fats is a common economic
practice in modern poultry production [7].

In addition to providing energy, edible oil can
also enhance dietary palatability, reduce dustiness, and
increase lipoprotein hydrolysis to promote the production
of essential fatty acids [8, 9].

Energy functions are carried out due to the oxi-
dation of energy fatty acids in mitochondria, which in-
clude, first of all, palmitic (Cis0), palmitooleic (Cie),
stearic (Cis:1) and oleic (Cia:1). The latter is formed most
of all in the body and is oxidized in mitochondria more
easily than all other fatty acids. In addition, linoleic acid
is also referred to EFA. (Cis:2 ®-6) [8, 9].
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The structural and regulatory function of fats is
carried out due to long-chain polyunsaturated fatty acids
(LCPUFA), which include arachidonic (Czu4 -6),
eicosapentaenoic (Czo:5 ©-3), docosapentaenoic (Cazs ©-
3) and docosahexaenoic (Cz2:6 w-3). These acids are part
of biomembrane phospholipids and are substrates for the
formation of physiologically active regulators. The
source of LCPUFA in food is milk, meat and, above all,
fish from the northern latitudes [10].

Adipose tissue should be considered not only as
a source of various fatty acids, but also as an important
endocrine organ that takes an active part in the activity of
the immune system [11].

Polyunsaturated fatty acids (PUFA) are the basis
of membrane lipids of all cells of the body The structure
and functional activity of cells, their resistance to patho-
genic factors depends on the ratio of ®-6 / ®-3 PUFA [5].

In human and animal nutrition, fats are used that
differ in their fatty acid composition. It has been estab-
lished that olive oil containing up to 75% oleic acid has a
positive effect on the body systems [12].

In recent decades, breeders have created high-
oleic varieties of sunflower, in which the content of oleic
acid exceeds 80%. It is shown that the consumption of
high-oleic sunflower oil has a positive effect on the state
of the animal organism [13].

The aim of our work was to determine the effect
of a diet containing high oleic sunflower oil (HOSO) on
the content of EFA and LCPUFA in rat liver lipids.

Materials and research methods
HOSO manufactured by LLC Biokhimtekh
(Odessa, Ukraine) containing 85.5% oleic acid was used
(Table 1). Cold pressed oil, unrefined.
Table 1 - Fatty acid composition of high oleic
sunflower oil (HOSO)

Table 2 — Component composition of diets for rats

Fat diets, %
Components FFD 5 % 15 %
HOSO || HOSO
Corn starch 64 59 49
Soybean meal defatted 20 20 20
Ovalbumin 6 6 6
Sucrose 5 5 5
Mineral Blend 4 4 4
Vitamin Blend 1 1 1
Oil HOSO 0 5 15

composition of lipid fractions was determined by gas
chromatography [16]. The results of the studies are pre-
sented as average values for each lipid fraction obtained
by combining extracts from each sample.

Results of the study and their discussion

Table 3 presents the results of the determination
of EFA in liver lipids of rats treated with FFD and fat
diets with 5% or 15% of HOSO. It can be seen that FFAs
constitute the bulk of all fatty acids in the liver. In the NL
fraction they contain on average 88-92%, in the PL frac-
tion 74-79% and in the EFA fraction 68-76%. Surprising-
ly, the total content of EFA and the content of linoleic
acid does not depend much on the intake with the feed of
the HOSO. Rats treated with FFD have a very high con-
tent of such EFA as palmitic, palmitooleic, stearic, and
oleic, which are synthesized in the liver under the action
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of the enzyme complex of fatty acid synthase, elongase, |:|

and stearyl-CoA desaturase [2].
Table 3 — Influence of consumption of diets with
HOSO on the content of energy fatty acids (EFA)
in rat liver lipids

Fatty acid Short Content, % of thg Content of EFA, %
Formula amount of fatty acids Ne Lipids fraction FED HOSO, | HOSO,
Myristic Ciao 0,08 5% 15 %
Palmitic Cis:0 3,86 1 |f Neutral lipids (NL)
Palmitoleic Cien 0,19 'TOtlaId' . gg’i? gi?g 213‘21
- mcludin 18:1 y y y
Stearic C1s0 2,72 includingclg;z 731 | 1127 | 886
Oleic_ Cign 85,51 Other EFA 42,71 | 2658 | 21,86
Linoleic C18:2 -6 6,51 2 PhOSphOleIdS (PL)
Linolenic Cig30-3 0,21 Total 79,08 | 7357 | 79,27
Arachinic C20:0 0,26 including Cig:1 14,95 || 19,75 32,37
includingCig:» 7,33 10,79 8,22
Feeding experiments were carried out on Wistar Other EFA 56,80 || 43,03 | 38,68
white rats (males, 5-8 months old, live weight 220-280 3 || EFA
g), divided into 3 equal groups of 6 animals each. Group Total 68,45 | 73,45 76,17
| received a fat-free diet (FFD), the composition of which including Cig:1 19,05 || 31,85 37,90
is shown in Table 2. Group Il received a diet with 5% includingCis:» 8,19 11,94 9,40
HOSO (instead of 5% starch) and Group Il received a Other EFA 41,21 || 29,66 28,87

diet with 15% HOSO. The duration of feeding was 35
days.

After euthanasia of the animals under thiopental
anesthesia, the liver was removed and lipids were ex-
tracted from it according to the Dole method [14]. Lipids
were divided into 3 fractions: neutral lipids containing
triglycerides + cholesterol esters (NL), phospholipids
(PL), and free fatty acids (FFA) [15]. The fatty acid
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Feeding with HOSO increases the content of
oleic acid in lipids and reduces the content of such acids
as Cis:0, C16:1and Ciso.

On fig. 1 shows the content of LCPUFA in the
lipid fractions of the liver of rats treated with FFD and
diets with HOSO. It can be seen that the greatest amount
of these acids is contained in the FFA fraction, somewhat
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less in the PL fraction, and very little (no more than 2%)
in the NL fraction. Fat diets had little effect on the con-
tent of LCPUFA in the fractions of NL and PL, however,
they showed some tendency to decrease in the FFA frac-
tion after consumption of a diet with 15% of the HOSO.

24 A
NL PL

OFFD B59% HOSO ©15% HOSO
Fig. 1. Influence of consumption of HOSO on the
content of LCPUFA in rat liver lipids (FFD — fat-free
diet, HOSO - high oleic sunflower oil NL — neutral
lipids; PL — phospholipids; FFA — free fatty acids
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Table 4 presents the results of determining the
level of individual LCPUFA in liver lipids. It can be seen
that the content of arachidonic acid in the NL decreases
with the consumption of HOSO, while the content of ®-3
LCPUFA, on the contrary, increases.

Table 4 — The content of LCPUFA in neutral lipids of
the liver of rats fed diets with high oleic sunflower oil

(HOSO)
. HOSO, (| HOSO,
Fatty acid FFD 5 04 15 %
Arachidonic Cyg:4 ®-6 1,77 1,32 0,99
Eicosapentaenoic 0,08 0,09 0,23
Cao5 ©-3
Docosapentaenoic 0,11 0,12 0,25
Ca25 ©-3
Docosahexaenoic 0,20 0,27 0,63
Ca2:6 ©-3

Table 5 presents the results of the determination
of LCPUFA in the PL fraction of the liver. The content
of arachidonic acid in the composition of liver PL chang-
es little with the consumption of fatty diets, while the
content of ®-3 LCPUFA increases significantly (Caz:6 @-
3).

Table 5 — LCPUFA content in liver phospholipids of
rats fed diets with high oleic sunflower oil (HOSO)

. HOSO, || HOSO,

Fatty acid FFD 5 0% 15 %
Arachidonic Cz.4 m-6 10,17 10,48 9,56
Eicosapentaenoic 0,23 0,10 0,42
Cao:s ©-3
Docosapentaenoic 0,21 0,41 0,46
Caz25 ©-3
Docosahexaenoic 1,66 3,24 3,99
Caz ©-3

Table 6 presents the results of the determination
of LCPUFA in the FFA fraction. It can be seen that high-
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fat diets cause a reduction in arachidonic acid, however,
a diet with 15% HOSO significantly increases the con-
tent of ®-3 LCPUFA.

Table 6 — The content of LCPUFA in the fraction of
free fatty acids (FFA) of the liver of rats fed diets with
high oleic sunflower oil (HOSO

HOSO, || HOSO,

Fatty FFD 5 04 15 %
Arachidonic Cy.4 ®-6 || 16,47 || 15,65 9,06
Eicosapentaenoic 0,52 0,31 1,17
Caos5 ©-3
Docosapentaenoic 0,60 0,57 0,84
Ca25 -3
Docosahexaenoic 2,83 2,28 4,03
Ca26 ©-3

More clearly, the content of ®-3 LCPUFA is
shown in fig. 2, which shows a dose-dependent increase
in the content of this group of LCPUFA in all lipid frac-
tions, especially in the FFA fraction.

7_
el

UFFD B5%H0SO B15% HOSO

Fig. 2. Influence of the consumption of HOSO on the
content of -3 LCPUFA in rat liver lipids
(FFD, HOSO, NL, PL, FFA — see Fig. 1)
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OFFD B5%HOSO  ©15% HOSO
Fig. 3. Influence of consumption of HOSO on the
ratio of ®-6/®w-3 LCPUFA in rat liver lipids
(FFD, HOSO, NL, PL, FFA — see Fig. 1)

o

Ratio of w-6/®w-3 LCPUFA

FFA

Taking into account the biological role of the ra-
tio ®-6/w-3 LCPUFA [17], we calculated this ratio for
the lipid fractions of the liver of rats fed with FFD and
diets with HOSO. It can be seen that the consumption of
HOSO dose-dependently reduces this ratio to the level of
optimal physiological (1-2) [17].

The presence in the composition of lipids in the
liver of rats that did not receive fat with food, almost all
fatty acids of both energy and structural-regulatory
groups, casts doubt on the concept of essential fatty ac-
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ids, which include linoleic, linolenic and LCPUFA. En-
dogenous systems for the biosynthesis of these acids may
be associated with the metabolic activity of our microbio-
ta, which is capable of synthesizing any fatty acids [18].

The use of HOSO in nutrition shows that the to-
tal content of EFA in liver lipids does not change, since
the content of other energy acids, primarily palmitic and
palmitooleic acids, decreases with the intake of oleic acid
from food. It is possible that oleic acid is an inhibitor of
fatty acid synthase.

The most important thing that we have been able
to establish is the ability of oleic acid to stimulate the
endogenous biosynthesis of ®w-3 LCPUFA. Perhaps this
stimulation is associated with the ability of oleic acid to
stimulate the growth of probiotic bacteria, in particular,
lactobacilli and bifidobacteria [18, 19]. It is possible that
in this respect it will be possible to consider oleic acid
and fats containing it as prebiotics.

Our studies have added to the positive effects

that have already been shown for HOSO and olive oil, a
new biological effect of stimulating the endogenous bio-
synthesis of ®-3 LCPUFA, the significance of which for
the animal organism is beyond doubt.

Further research is needed in this direction.

Conclusions

In the animal body, endogenous biosynthesis of
all classes of fatty acids, including essential ones, which
include PUFA, occurs. High oleic sunflower oil inhibits
the endogenous biosynthesis of energy fatty acids, oleic
precursors, i.e. palmitic and stearic. High-oleic sunflower
oil dose-dependently activates the endogenous biosyn-
thesis of -3 LCPUFA. If the participation of the endog-
enous microbiota in the biosynthesis of ®-3 LCPUFA is
confirmed, then high-oleic sunflower oil (like olive oil)
can be considered as a new type of prebiotic.
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BUCOKOJIEIHOBA COHSIIITHUKOBA OJIIS1 3HUKY€E EHIOTEHHU
BIOCMHTE3 EHEPTETUYHUX )KUPHUX KUCJIOT TA HIIBULYE
EHAOI'EHHUU BIOCUHTE3 ®-3 TOBI'OJJTAHIIOT'OBUX ITH/KK

AHoOTaNiA Y pobomi noxkaszano, wo HcupHi KUCIOMU XAPHOBUX HCUPIE 3a0e3neyyioms 08I OCHO8HI QYHKYIL 8 opeaHizmi aro-
OUHU [ MBAPUH: eHepeemUuHy ma cmpyKkmypHo-pezyasmopHy. Iloninenacuueni swcupni kucromu (IIHKK) € ocnosoro membpanuux
ninidie ycix knimun opeanizmy. Cmpykmypa ma QyHKYIOHAIbHA AKMUGHICMb KAIMUH, IX CMIUKiCmb 00 NAMOo2eHHUX paxkmopis 3a-
Jedxcums 610 cniggioHoutenuss w-6 / w-3 IIH)XKK. [Jompumanus pexomendosanux 3anacie memaboniunoi enepeii 6 kopmax s nmuyi
€ sadcausum 0 onmumizayii egumpam Ha Kopm. Buxopucmanns onii abo srcupy € 36UaiiHO0 eKOHOMIYHOIO NPAKMUKOIO 8 CYUACHO-
My nmaxigHuymsi. Enepeemuyni ¢pyrxyii 301licHI010mbCs 30 paxyHOK OKUCIEHHS 8 MIMOXOHOPIAX eHEPLeMUUHUX HCUPHUX KUCTIOM, 00
AKUX Hanedicams, Hacamneped, naromimunosa (C16:0), nanomimooneinosa (C16:0), cmeapunosa (C18:1) ma oneinosa (C18:1. Ok-
Dpim 3a0e3neueHHs eHepaicio, HCUP PAyiony MaKodc MoHice NOKPAWUMU XAPUO8i, CMAKOBI AKOCMI, 3MEHWUmMU NUJl i NOCUIUMU 2iopo-
J1i3 AINONpOmMeinie 0N CNpUAHHA CUHME3Y He3AMIHHUX HCUPHUX Kuciom. JKupogy mxkaununy ciio pozenaoamu He milbKu K 0Xdcepeno
DIBHOMAHIMHUX HCUPHUX KUCTIOM, A U AK 8AXHCIUGUL eHOOKDUHHULL Op2aH, AKull bepe akmueny yuacme y OiSIbHOCMI IMYHHOT cucme-
Mmu. Busnauanu ennue 0iemu 3 8UCOKOOIEIHOBOI0 COHAUHUKOBOIO ONIEI0 HA 8Micm enepeemuyHux scuprux kuciom (EXKK) ma ooeeo-
aanyrocosux ITHXKK (JIJIITH)KK) y ninioax neuinku wypie. Mu euxopucmogysanu 6ucoxooneinogy consunuxogy oniio (BOCO), wo
micmums 85,5% oneinosoi kucromu. Payionu 200ieni wypis 6esocuposa diema (BXK/) i payionu 3 5 abo 15% BOCO npomszom 35
ouis. Jliniou excmpazysanu 3 neuinku i po3oinsanu Ha mpu @paxyii: neumpanwvni ainiou (HJI), goconiniou (®DJI) i inbhi sncuphi
kucnromu (BXKK). JKupnokuciomuuii cknad ninionux ¢paxyitl susnauaiu memooom 2azoeoi xpomamozpaii. Cyma JHCuphux Kuciom
(C)KK) — ye cyma C16:0, C16:1, C18:0, C18:1i C18:2. JJJITITHIKK npedcmasneni C20:4 w-6, C20:5 w-3, C22:5 w-3 ma C22:6 w-3.
Haiibinowe E)XKK micmumoca y @paxyii HII (89%), nomim y ¢ppaxyii DJI (79%,), a natimenwe y ¢paxyii BXKK (68%). Hatibinswe
JITTH)KK micmumuca y ¢pparyii BXKK (20%), nomim y ¢paxyii @JI (13%) i natimenwe y gppaxyii HII (2%). ¥V wypies, axi ompumy-
sanu dcuposi diemu, emicm EXKK nioeuwgysasca y ¢paxyii H/I na 2-3%, y ¢paxyii BXKK na 5-8%, a y ¢ppaxyii DJI ne 3miniosascs.
Bmicm JJITHKK -6 (apaxiooHo60i Kuciomu) 3 HCuposuM XapuysaHHsim 00303a1edxcHo 3menuyemvcs y @paxyii HXKK i B)KK i ne
smintoemocs y paxyii DJI. Hasnaxu, y wypis, siki ompumyearu BOCO, emicm w-3 JJJIITHKK 3pocmac y 6cix ninionux gpaxyisx.
Kpim moeo, cnigsionowenns w-6lw-3 JUIITHKK snauno snudicyemocs y wypis, sxi ompumyeaiu BOCO. Cnoocusanns BOCO cmu-
Mynioe endoeennutl 6iocunmes w-3 JJITTHKK.
KiiouoBi cioBa: »kupoBe XapuyBaHHs, 0JIeiHOBAa KHCJI0TA, Jinmian nevinku, nosrogaanmorosi [THKK, cniBBinno-

meHHst ®-6/®-3 JIMHXKK.
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DAXOBA TEPMIHOJIOI'TA — HEOBXII[HHFI EJIEMEHT
BYJ1b-SIKOI T'AJ1Y31 BUPOGHULITBA
Anomauin

Y ecmammi obrpynmosano 3nauenns gpaxoeoi mepminonozii' y 6yov-axiil eanysi nayku, Kyibmypu, mexuiku. IIpocmydiiio-
6AHO MAKOJIC NUMAHHS CMAHOApmMu3ayii mepminonoeii, moomo eupobrenHs MepMiHi6-emaionie, MepMini6-3pasKie, YHOPMYBAHHS
mepminonozii 6 medicax oOuiel Kpainu (AKwo ye HayioHanbHull cmandapm) abo 6 Medicax epynu Kpain (IKuwo ye MidicHapoOHutl cma-
noapm). Be3nocepeonvo 30MICHEHO KOMNIEKCHE OOCTIONCEHHS WSXI8 DOPMYBANHS MA CMAHOGLCHH OKPEMUX MEPMINIG V 2any3i
BUpOOHUYMEA Ui nepepobKu 3epHosoi npodykyii, makux sk «zdkuy [zldky]l, «zepué» [zerndl, «sbiococsy [zbijjial, «66pownor
[boroshno], «xpynax [krupdl, «cyparcury [surjyk]. 3pobaerno 3ayeazu do eapitoeanns mepminy «xnio» [hlib] 6 yxpaincexiti ma inwux
€108 IHCLKUX MOBAX. 36epHEHO MAKOJIC Y8A2y HA npoyec 0emepMiHoN02i3ayii 0esaKux i@ YKpaiHcbKoi MosU, 30Kpema, Ha mepmiH
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