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Hocaiocero i ymouneno ckaao HcupHux Kuc-
JIOM POCAUHHUX OJIill X0JIOOH020 NPECYEAHHSL.
Po3spobaenuii i 06rpynmosanuil ckaad Kynasicie
HA 0CHOBI COHSMHUK060T 01ii 3 000A8aAHHAM 01U
HACIHHS PUdCilo, JIbOHY MA 60JI0CLK020 20piXY,
wo 3abesneuyromv payionanvhe CnieeioHOuEHH
-3:0-6 HCUPHUX KUCTOM 3 MOUKU 30pY iX 8MiC-
my y xapuoeomy pauioni. /locaioiceno nepedie
asmoKamaiimu4noz0 OKUCHEHHSA KYNaxncie npu
sbepizanni ix 3a memnepamypu 20+2 °C 3a 6ino-
Hoz0 docmyny ceimaa ma nosimpsi. Bcmanoeneto
cymmeee YnoGibHeHHA WEUOKOCMT HAKONUYeH-
Hs nepoxcudie npu xynascysanmi 45 % zopixoeoi
abo 40 % puicieeoi oii 3 610n06i0H010 KinvKicmio
COHAWHUKO0B0T 0111

Kntouoei cnoea: conswnurxosa onis, 20pixo-
8a 0J1is1, pulCiesa oJis, :a3068a xpomamoepais,
KYynaxcyeanns, w-3 noaiHeHacu1eHi JHCUpHi Kuc-
Jaomu, »-6 noninenacuveni sxcupi xucaomu, 6io-
JI02iMHA UIHHICMb, NEPOKCUOHE HUCNO0, AHMUO-
KUCH06aIHa cmadinsHicmo

=, u |

Hccnedosan u ymounen cocmas ncupotx
KUCJIOM paCmumesivHbIX MaceJl X0J1001020 npec-
cosanus. Paspaboman u ob6ocnosan cocmae
Kynasicell Ha 0CHO8e NOOCOJIHEMH020 MACIAA C
dobaneHuem Macesl CeMsIH PolHCUKA, JIbHA U epel-
K020 opexa, KOmMopvie 2aparmupyiom pauuo-
HanbHoe coomHoweHue -3:w-6 HCUPHLIX KUc-
JIOM C MOUKU 3PEHUSL UX COOCPHCAHUSL 8 NUWLEEOM
pauuone. Hccnedosano asmoxamanumumeckoe
OKucCaeHue Kynasicei npu memnepamype xpame-
Hus (20+2) °C co c60600HbIM docmynom ceéema
u 8030yxa. Yemanoeaeno cyuwecmeennoe 3ameo-
JleHue CKopocmu HaKonjieHust nepoKcuoos u c6o-
000HbIX HCUPHBIX KUCTIOM NPU KYNANCUPOBAHUU
45 % opexoeoeo uau 40 % powicuxosozo macaa c
COOMBEMCMEYIOWUM KOTIUMECBOM NOOCOTIHEY-
HOo20 Macaa

Kmoueevie caosa: nodconneurnoe macuo,
opexogoe Macio, poLidCUK080e MACJI0, 230645
xpomamoezpadpus, Kynaxcuposanue, v-3 nojune-
HacvlueHHbLe JCUPHbLE KUCT0MbL, -6 nounena-
ColieHHble JCUpHbLE KUCA0MbL, OU0JI02UMecKas
UEHHOCMDb, NEPOKCUOHOE HUCA0, AHMUOKUCTIU-
menvHas CmouKocms

u| o

1. Introduction

Nowadays, human health and longer life expectancy
are among the most important medical and social issues.
A special concern in solving this problem refers to rational
nutrition. In this regard, it is important to create functional
products containing the necessary nutrients and not differ-
ing in taste and appearance from traditional ones [1].
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Fats and oils are not only a source of energy and plastic
substances but also an important pool of physiologically
functional ingredients such as polyunsaturated fatty ac-
ids (PUFAs), vitamins, phospholipids, and other bioactive
components. The content of the main polyunsaturated fatty
acids, primarily linoleic (C18:2) and linolenic (C18:3) acids,
is the most important factor in the biological value of a
vegetable oil. Linoleic acid is the main representative of the




family of omega-6 (w-6) polyunsaturated fatty acids, and
o-linolenic acid represents omega-3 (®-3). Polyunsaturated
fatty acids perform important biological functions. Primari-
ly, they are components of the phospholipids of all cell mem-
branes that regulate the transfer of impulses and the work
of receptors. Moreover, phospholipids are precursors of the
synthesis of lipid hormones (eicosanoids), which are import-
ant for the regulation of many physiological processes [2—4].

Omega-3 fatty acids stimulate the immune system as
well as reduce blood coagulability, the level of triacylglyc-
erols (TAGs) in the blood, and the risk of coronary heart
disease [5-7]. It is common fact that human and animal
organisms do not synthesize linoleic and linolenic acids, so
they can only come from food.

The relevance of the present work is based on the need to
develop blends of vegetable oils in which the ratio of polyun-
saturated fatty acids (w-3 and m-6) is close to the recommen-
dations of nutritionists. Moreover, the most important task
is to create mixtures of vegetable oils that contain polyun-
saturated fatty acids and have a high resistance to oxidation.

2. Literature review and problem statement

Despite the fact that most scientists are of the opinion
that the biological effectiveness of lipids depends on the
content of omega-3 fatty acids, the question of the optimal
ratio of individual classes of lipids in the human diet remains
controversial. According to the recommendations of the
Institute of Nutrition of the Russian Academy of Medical
Sciences, Russia, the ratio of ®-3:0-6 polyunsaturated fatty
acids in the diet of a healthy person should be 1:10, and in the
medical diet, it should be range from 1:3 to 1:5 [8]. Based on
the majority of clinical and experimental studies, the ratio of
®-3 and ®-6 in the human diet is recommended to be from
1:4 to 1:2 [3, 4, 9]. The British Nutrition Foundation main-
tains that the ideal ratio between the families of ®-3 and -6
PUFAs should be 1:6 [4]. To achieve this ratio, the UK pop-
ulation is advised to increase the consumption of fatty fish
containing a significant amount of PUFAs of the -3 family.
According to the author of study [10], the consumption of
fatty fish twice a week reduces the risk of angina and atrial
fibrillation by 50 % in patients with cardiovascular diseases.

The -6 fatty acid family includes linoleic (C18:2),
v-linolenic (C18:3) and arachidonic (C20:4) acids. Linoleic
acid can be elongated in vivo to arachidonic acid, and the
latter is a precursor to the formation of eicosanoids. In most
traditional vegetable oils, linoleic acid predominates. The
exception is olive oil, in which oleic acid (w-9) predominates,
contributing to a decrease in the level of cholesterol in the
plasma and being necessary for the balance of polyunsatu-
rated fatty acids in the body.

The three essential fatty acids (eicosapentaenoic (C20:5),
docosahexaenic (C22:6), and o-linolenic (C18:3)) belong to
the family of ®-3 polyunsaturated fatty acids. Elongation
and desaturation of o-linolenic acid convert it into eicos-
apentaenoic acid, a precursor of the synthesis of eicosanoids.
Docosahexaenoic acid is an important structural component
of cell membrane phospholipids.

Eicosanoids, synthesized from ®-3 and ®-6 polyunsat-
urated fatty acids, have different structures and biological
effects [10]. Eicosanoids that are formed from w-3 fatty acids
(prostaglandins PGE3, PGI3, thromboxane TXA3, as well
as leukotrienes LTB5 and LTC5-LTES5) intensify blood cir-

culation, dilate blood vessels, and have anti-inflammatory,
antiallergic and thrombolytic effects.

Conversely, eicosanoids that are synthesized from -6 ara-
chidonic acid (prostaglandins PGE2 and PGI2, thromboxane
TXA2 and leukotrienes LTB4 and LTC4-LTE4) contribute to
the development of inflammation and allergy, platelet aggrega-
tion, clot formation, and narrowing of blood vessels. The excep-
tion is prostaglandin E1, which is derived from y-linolenic acid
(w-6); it has an anti-inflammatory effect and lowers histamine
synthesis, reducing allergic reactions. Clinical studies have
shown that shortage of the main polyunsaturated fatty acids
(especially ®-3) in cells creates a high potential for inflamma-
tions [11]. It has also been found that the content of ®-3 below
4 % in the fatty acid diet is associated with the greatest risk of
death from an ischemic heart disease [12].

It has been suggested that for normal life the content of
arachidonic acid in the diets should be 2 g, and an excess of this
acid can lead to a number of undesirable changes in metabolism
[12]. Therefore, for effective metabolism of -3 PUFAs, there
is a need to block the source of arachidonic acid synthesis [13].

Thus, the published works on the enrichment of daily nu-
trition with ®-3 PUFAs disclose studying the effect of fatty
fish consumption on the prevention of common diseases.
Much less attention is paid, in research by technologists and
nutritionists, to the use of vegetable oils with a high content
of ®-3 PUFAs to optimize daily nutrition. One of the reasons
of this may be the low antioxidant resistance of such vege-
table oils. A possible solution to this problem is the creation
of blends of vegetable oils with optimal PUFA content and
higher antioxidant resistance. This is especially essential for
people with low consumption of fish products.

3. The aim and objectives of the study

The aim of the work is to develop blends of vegetable oils
with the optimal ratio of ®-6 and ®-3 PUFAs in terms of
healthy nutrition and high antioxidant resistance.

To achieve this aim, the following objectives were set:

— to study the fatty acid composition of common vege-
table oils;

—to develop blends of vegetable oils with the optimal
ratio of -6 and w-3 PUFAs;

— to study the antioxidant stability of the blended vege-
table oils with the optimal ratio of ®-6 and ®-3 PUFAs.

4. Materials and methods for determining
the fatty acid composition and the oxidative stability of
the vegetable oil blends

4. 1. Materials

The present research concerns vegetable oils of cold press-
ing, presented on the consumer market. Namely, it deals with
oils such as sunflower, soybean, rapeseed, flaxseed, mustard,
camelina, hempseed, amaranth, sesame, cedar, pumpkin, wal-
nut, wheat germ, grapeseed, and extra virgin olive.

4. 2. Determination of the content of fatty acids in the
vegetable oils

For the preparation of methyl esters of fatty acids,
100 mg of an oil was dissolved in 2 ml of a solution (0.5 g/1)
of hydroxytoluene (butylated hydroxytoluene, BHT) in hep-
tane. Then there was addition of 100 pl of sodium in a meth-



anol solution (46 mg/ml); the mixture was stirred for
2 minutes and exposed for 15 minutes. It was followed
by adding 1 to 2 g of sodium hydrogen sulphate. The

in the content of fatty acid fractions, as recommended by
nutritionists.

samples were filtered through anhydrous sodium sul- ) . . Table 1
fate, and then a heptane BHT solution was added in The content of the main fractions o'f fatty acids in
the amount of 2 ml. The resulting solution was filtered the tested vegetable oils
once again through a 0.45 pm membrane cellulose fil- Fatty acids, %
ter, which was washed with 1 ml of the same solvent. Mono- The ratios
The two filtrates were combined and used for analysis. | y,, getable oils Polyunsaturated | O of
The composition of the methyl esters of the fat- Saturated| -3:0-6
ty acids was determined by gas-liquid chromatogra- _l.m_f’ (i (o—16_ 01)9
phy. The analysis was carried out on the HP 6890 (olinolenic) | (finoleic)] _ (oleic)
gas chromatograph Hewlett Packard with a HP-88 Sunflower 0.09 62.58 24.61 11.34 1:695
capillary column (88 % of cyano-propylaryl-polysilox- Soybean 5.73 55.60 21.36 15.64 1:10
ane, 100 mx0.25 mm, film thickness 0.25 um (Agi- Rapeseed 9.13 18.68 58.99 6.86 1:2
lent Technologies)). The temperature of the injector Corn 0.65 44.90 431 11.31 1:69
was 280 °C, and the temperature of the detector was Olive 059 712 79.06 1553 112
290 °C. The tenzperature program of the rate of heating Flaxseed =796 1431 1730 10.24 1025
from 60 to 260 °C was as follows: :
~ holding at 60 °C for 4 minutes; Camelina 33.85 19.26 15.99 9.96 1:0.6
— heating from 60 to 150°C at 4 °C/min and Hempseed 15.32 55.40 13.53 10.74 1:3.6
holdlng at 150 °C for 10 minutes; Mustard 11.25 10.96 33.53 4.87 1:1
— heating from 150 to 180 °C at 3 °C/min and Amaranth 1.31 53.75 23.97 17.83 1:41
holding at 180 °C for 5 minutes; Sesame 0.34 40.71 38.0 131 | 1:130
o heattlligoffgﬁ; 130 to 1t90 "Cat 3°C/min and [ pyppkin 0.14 5838 | 2147 | 1971 | 1417
olding a or 2 minutes; )
- hgeating from 190 to 230 °C at 3 °C/min and Walnut 13.58 61.35 16.56 821 L4
holding at 230 °C for 2 minutes; Wheat germ 6.69 57.03 14.86 18.24 1:8.5
— heating from 230 to 260 °C at 4 °C/min and Grapeseed 0.45 68.15 19.6 11.51 1:151

holding at 260 °C for 2 minutes.

The gas carrier velocity was 1.2 ml/min, and the sam-
ple volume was 1.0 ul. The fatty acids were identified by
comparing the retention time with the standard mixture of
methyl esters of fatty acids (37 components of the FAME
Mix, SUPELCO) [14, 15].

4. 3. Determination of the oxidation stability of the
oil mixtures

Tests of the oxidative stability of the mixtures were car-
ried out during the storage of the samples at a temperature
of (20+2) °C with free exposure to light and air. The blends
of oils were stored in glass cups. The peroxide values of the
oil samples were determined every 7 days according to [16].
The peroxide values of the mixtures stopped being measured
when the value had reached 10 mmol 12O/kg.

Sunflower oil was used as reference.

5. The results of evaluating the biological values of
various vegetable oils and the oxidative stability of
the vegetable oil blends

Analysis of the fatty acid composition of 15 vegetable
oil types has shown that only in some of them the ratio of
®-3:0-6 corresponds to the one recommended by dietitians
(1:10, Table 1). This refers to soybean, olive and wheat germ
oils. At the same time, olive oil contains a small amount of
polyunsaturated fatty acids and, in particular, ®-3 fatty ac-
ids. In contrast, rapeseed, hempseed and mustard oils have
high ratios of ®-3:m-6. The content of ®-3 a-linolenic acid
in flaxseed and camelina oils is higher than the content
of linoleic acid, and the ratio of ®-3:0-6 exceeds 1. Thus,
it is obvious that natural vegetable oils are not balanced

For the development of mixtures of vegetable oils with
a balanced composition of essential fatty acids, sunflower
oil was used as a traditional edible vegetable oil, along with
camelina, flaxseed and walnut oils. Camelina and flaxseed
oils are sources of o-linolenic acid, and walnut oil is used
as the most balanced oil according to the recommended
ratio of ®-3:@-6. The composition of fatty acids of the oils,
which was determined by gas chromatography, is shown in
Table 2. Samples of sunflower, camelina, flaxseed and walnut
oils were analyzed three times. The statistical processing
of the results was performed using Microsoft Excel 2007
(Microsoft, Redmond, USA). The results were presented as
a meantstandard deviation. The deviations were calculated
at a significance level of 0=0.95 (Table 2).

According to the data presented in Table 2, sunflower
oil does not practically contain linolenic acid, whereas
in the other oils tested this ®-3 acid is contained in a
rather high amount (13.6-57.3 %). Therefore, the study
suggests developing mixtures of sunflower oil and one of
the so-called -3 oils — camelina, flaxseed or walnut oil.
The composition of the blends has been calculated mathe-
matically, and the calculated ratios of ®-3:-6 fatty acids
are presented in Table 3. The fatty acid ratios presented in
Table 3 were calculated based on the data of Table 2. The
values of these ratios for 30 blends of sunflower oil with one
of the ®-3 oils depended on the type and content of the -3
oil, and they ranged from 1:82 to 1:1.3. Based on the values
of the m-3:m-6 ratios of the PUFAs, three researched mix-
tures were selected, namely: 55 % of sunflower oil plus 45 %
of walnut oil (1), 75 % of sunflower oil plus 25 % of flaxseed
0il (2), and 60 % of sunflower oil plus 40 % of camelina oil
(3). The ratios of m-3:w-6 were 1:10 for blend 1, 1: 3.5 for
blend 2, and 1: 3.3 for blend 3.



Table 2

The content of basic fatty acids in the tested vegetable oils

Fatty acids Vegetable oils
flaxseed camelina walnut sunflower
Palmitic (C16:0) 4.7+0.01 5.8+0.02 6.1£0.02 6.7+0.02
Palmitoleinic (C16:1) 0.1£0.0003 0.1£0.0003 0.1£0.0003 0.1£0.0003
Stearic (C18:0) 5.240.02 2.4%0.007 2.1£0.006 3.5£0.01
Oleic (C18:1 ®-9) 17.3+£0.05 15.9+0.05 16.6+£0.05 24.6+0.07
(C18:1n11) 0.6%0.002 0.9£0.003 - 1.1£0.003
Linoleic (C18:2 -6) 14.3+0.04 19.3+0.06 61.3+0.2 62.6+0.2
o-linolenic (C18:3 -3) 57.3£0.2 33.8+0.1 13.6+0.04 0.09+0.0003
Arachic (C20:0) 0.2%0.001 1.3+0.004 0.1£0.0003 0.2£0.001
Gondoinic (C20:1 »-9) — 14.1+0.04 0.2+0.001 0.2+0.001
Behenic (C22:0) 0.1£0.0003 0.3£0.001 0.03+0.0001 0.60.002
Erucic (C22:1) - 2.7+0.01 - -
Saturated (SFA) 10.2+0.03 9.96+0.03 8.2+0.03 11.3+0.03
Unsaturated (USFA), 89.5+0.3 869+0.3 915+03 88.7+0.3
including:
olyunsaturated
P }(IPUSF ) 71.6+0.2 53.140.2 74.9+0.2 62.7+0.2
monounsaturated
(MUSFA) 17.9+0.05 33.8+0.1 16.6+£0.05 25.7+0.08
PUSFA:MUSFA:SFA 72:18:10 53:34:10 75:17:8 63:26:11
The ratios of ®-3:0-6 1:0.25 1:0.6 1:4.5 1:695
Table 3 oxidative stability of this mixture was due to the presence of

The calculated ratios of ®-3:m-6 PUFAs in
the blends of vegetable oils

The content of ©-3 -3 oil
The blend| oil in the blends (the
number |mixtures of sunflower| walnut | flaxseed | camelina
oil plus an ®-3 oil)
1 50 1:9 1:1.3 1:2.4
2 45 1:10 1:1.6 1:2.7
3 40 1:11 1:1.9 1:3.3
4 35 1:13 1:2.3 1:3.8
5 30 1:15 1:2.8 1:4.7
6 25 1:18 1:3.5 1:5.9
7 20 1:22 1:4.6 1:7.6
8 15 1:29 1:6.4 1:10.5
9 10 1:50 1:9.9 1:16.2
10 5 1:82 1:20.4 1:34.1

The presence of -3 PUFAs in fats increases their bio-
logical value, but at the same time, it increases the oxidation
rate: the higher the content of ®-3 PUFAs, the higher the
oxidation rate of the oil. It follows from Fig. 1 that the rate
of increase in the peroxide value of the researched mixtures
with free access of air and light was different. The highest
rate of accumulation of peroxides was observed in blend 2
(0-3:0-6=1:3.3) when the peroxide value had reached
10 mmol %O per kg in 21 days (Fig. 1). The same peroxide
value of sunflower oil was detected after 22 days of storage
despite the absence of linolenic acid.

The longest period (27.5 days) of oxidation as to the
peroxide value of 10 mmol ; O per kg was observed for the
blend containing 45 % of walnut oil (1), which is due to the
content of antioxidants in walnut oils, mainly tocopher-
ols. A similar oxidation period was recorded for sample 3,
amounting to 25.7 days. It is obvious that the increase in the

antioxidants in camelina oil.

20
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Fig. 1. Changes in the peroxide value of sunflower oil and the
oil blends based on it, with K being sunflower oil, sample 1
containing 55 % of sunflower oil plus 45 % of walnut oil,
sample 2 containing 75 % of sunflower oil plus 25 % of
flaxseed oil, and sample 3 containing 60 % of sunflower oil
plus 40 % of camelina oil

Thus, the mixtures of sunflower oil with walnut or came-
lina oil had the longest oxidation period and, therefore, the
longest shelf life.

6. Discussion of the effects of the chemical composition
of the oils on their oxidative stability

The study of the autocatalytic oxidation of the oil mix-
tures when stored at (20+2) °C with free access of light and
air has shown that the mixture of sunflower oil with flaxseed



oil has the lowest resistance to oxidation. Despite this, such
a mixture can be recommended for correction of lipid metab-
olism in patients with type II diabetes and cardiovascular
diseases. Oil blends with flaxseed oil cannot be recommend-
ed for long-term storage. However, their shelf life can be
increased under conditions that prevent their oxidation (low
temperature and exclusion of oxygen access).

Moreover, there is evidence that even during 6 months
of storage the peroxide value of flaxseed oil increases insig-
nificantly [17].

The mixtures of sunflower oil with walnut oil (1) or
camelina oil (3) were more resistant to oxidation than the
mixture of sample 2 or sunflower oil itself. Earlier it had been
shown [18] that camelina oil stored for 28 days at 22 °C had a
sufficiently low peroxide value at the end of storing. A signif-
icant increase in the accumulation of peroxides was observed
after 14 days at a storage temperature of 42 °C.

The obtained data indicate that adding camelina oil
improves the antioxidant capacity of the test mixture. This
is probably due to the presence of phenolic compounds in
camelina oil, such as synapinic acid and its derivatives. It
was shown in [19, 20] that these compounds possess high
antioxidant properties.

Among the derivatives of sinapinic acid, cannolol (4-vi-
nyl-2,6-dimethoxyphenol) is of particular importance, as it
demonstrates higher antioxidant abilities as well as more
anticancer and antimutagenic properties than o-tocopherol
and flavonoids.

The high oxidative stability of the mixture of sunflower
and walnut oils can be the result of a low (13.6 %) content
of a-linolenic acid and a high content of a-tocopherol in the
walnut oil.

The obtained data have proved that the oxidative stabil-
ity of fats depends not only on the composition of fatty acids
but also on the chemical composition in general and on the
presence of natural antioxidants in vegetable oils.

The developed sunflower blends with camelina oil or
walnut oil have a higher biological value and a close to op-
timal ratio of ®-3:@-6 polyunsaturated fatty acids. These
blends are recommended for direct consumption with food as
well as for the preparation of salad sauces. This research can
be continued to create new blends of vegetable oils with the
necessary ratio of essential fatty acids.

7. Conclusion

1. It has been proven that natural vegetable oils are not
balanced by the content of fatty acid fractions in terms of
modern requirements for rational nutrition. The study of the
fatty acid composition of 15 vegetable oil types has shown
that only soybean, olive and wheat germ oils have an ®-3:0-6
PUFA ratio close to the one recommended by dietitians (1:10).

2. A blend of 55 % of sunflower oil plus 45 % of walnut
oil has a ratio of ©-3:@-6 close to the one recommended
for healthy nutrition, which is 1:10. For recreational nutri-
tion, blends with higher ratios of ©-3 and w-6 PUFAs are
recommended: 75 % of sunflower oil plus 25 % of flaxseed
oil (w-3:0-6=1:3.5) and 60 % of sunflower oil plus 40 % of
camelina oil (w-3:0-6=1:3.3).

3. Two of the suggested mixtures of vegetable oils — 55 %
of sunflower oil plus 45 % of walnut oil and 60 % of sunflow-
er oil plus 40 % of camelina oil — have proved to have the
highest resistance to oxidation.
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