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Summary

The fatty acid and triacylglycerol composition of a vegetable oil determine its physical, chemical and nutritional properties. The
applications of a specific oil depend mainly on its fatty acid composition and the way in which fatty acids are arranged in the glycerol
backbone. Minor components, e.g. tocopherols, also modify oil properties such as thermo-oxidative resistance.
Sunflower seed commodity oils predominantly contain linoleic and oleic fatty acids with lower content of palmitic and stearic acids. High-
oleic sunflower oil, which can be considered as a commodity oil, has oleic acid up to around 90%. Additionally, new sunflower varieties
with different fatty acids and tocopherols compositions have been selected. Due to these modifications sunflower oils possess new properties
and are better adapted for direct home consumption, for the food industry, and for non-food applications such as biolubricants and biodiesel
production.

Introduction

Vegetable oils are mainly triacylglycerols which account for
more than 95% of total oil. They also contain small quantities of
diacylglycerols, phospholipids, tocopherols, free fatty acids, etc.
Triacylglycerols consist of a glycerol molecule having three fatty
acids esterified at the hydroxyl residues, one in the central posi-
tion of the glycerol molecule sn-2 and the other two at the term-
inal positions sn-1 and sn-3. The most common fatty acids form-
ing these triacylglycerols in sunflower oil are: saturated (palmi-
tic and stearic) monounsaturated (oleic) and diunsaturated (lino-
leic).

The final use of each type of oil is defined by both physical and
chemical characteristics depending on its fatty acids and triacyl-
glycerol composition. For instance, the physical difference
between oils (liquid) and fats (solid) is due to the amount of
saturated fatty acids. The thermo-oxidative stability of vegetable
oils depends mainly on the amount of polyunsaturated fatty
acids they contain (oils with a high content of these unsaturated
fatty acids are more unstable) as well as their content and type
of tocopherols. Considerable research efforts in the plant lipids
field are being put into the following aspects: (i) On the one
hand, more stable sunflower oils have been obtained by increas-
ing the content of monounsaturated (oleic acid) and decreasing
the content in polyunsaturated fatty acids (linoleic acid). This
kind of oil is also suitable for biolubricants. Vegetable oil stabi-
lity can also be increased by modifying the tocopherol content.
(ii) On the other hand, healthy substitutes for higher melting
animal, tropical or hydrogenated fats – required by food indus-
try – are being obtained by increasing their content in saturated
mostly stearic fatty acids which does not modify the plasmatic
cholesterol levels in humans.

Sunflower oils

Different sunflower lines with modification in the fatty acid
composition of their oils have been obtained (Table 1). Since the

selection of the high-oleic mutant by Prof. Soldatov several new
fatty acid mutants have been obtained by ionization, radiation
or chemical mutagenesis – none of which involve genetic modi-
fication. Among these are three independent high-palmitic lines
with around 30% of palmitic acid in their oils, two of them in
standard high-linoleic background and another in high-oleic
background [1]. Additionally, some lines having high-stearic
acid in high-linoleic background have been obtained; and lately
high-stearic high-oleic lines have been developed by recombina-
tion [2]. In spite of their higher saturated acid content, these sun-
flower oils have a low content of saturated fatty acid in the mid-
dle position of the triacylglycerol [1], differentiating them from
animal, palm and hydrogenated fats in this respect, and making
them healthier than those oils [3].

Sunflower oil applications

Deep-frying, and other industrial processes for food preparation,
require fats and oils with high thermo-oxidative stability. In
these applications, due to easy storage and pouring, oils are bet-
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Table 1. Fatty acid composition of several modified sunflower oils com-
pared with the standard sunflower oil.

Sunflower line Oil phenotype Fatty acid composition (%)

16:0 16:1 18:0 18:1 18:2

Standard HL 7 6 29 58
HA-OL9 HO 5 3 90 2
CAS-4 MS HL 6 12 28 53
CAS-3 HS HL 5 26 15 53
CAS-30 HS HL 6 30 10 50
CAS-15 HS HO 6 24 62 5
CAS-5 HP HL 31 5 3 12 48
CAS-12 HP HL 32 6 4 54 3

HL, high-linoleic; HO, high-oleic; HP, high-palmitic; HS, high-stearic; MS,
medium-stearic.
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ter than fats. For margarine, spreads, confectionary and related
products fats with a certain degree of plasticity (appropriate
solid fat ratio) are required. For biolubricants production, oil
liquid at temperatures below 08C with a good thermo-oxidative
stability is required. Biodiesel production only requires a mini-
mal stability, and standard sunflower oils are as good as canola
or other vegetable oils, but for this application most vegetable
oils could be used.

By lowering the content of unsaturated fatty acids or modify-
ing minor components, such as tocopherols, stability of oils
could be enhanced, making them suitable for deep frying and
biolubrican use. Increasing the saturated fatty acids content will
increase the proportion of solid fat and, therefore, its melting
temperature. With the exception of animal fats, palm oil frac-
tions and lauric oils, natural fats hardly fulfill the requirements
of many industrial processes. Nevertheless, the above-men-
tioned fats are considered unhealthy by many authors and the
World Health Organization [4] because of their high content in
palmitic, myristic and lauric fatty acids These were substituted
by hydrogenated vegetable oils but, the hydrogenation process
generates trans isomers of unsaturated fatty acids now consid-
ered to be nutritionally undesirable. In general, dietary recom-
mendations encourage the intake of unsaturated fatty acids,
such as oleic and linoleic, with stearic acid the preferred satur-
ated one [4].

High temperature

Standard sunflower oil has good properties for low temperature
and general food applications (salad dressings, emulsions, etc.),
but for high temperature applications and deep frying, oils with
a lower content of polyunsaturated fatty acids are required, and
high-oleic oils are preferred. As already stated the oil properties
at high temperature also depend on the tocopherols; oils with
higher content of c- and d-tocopherols are more stable than oils
with a and b-tocopherols. On the other hand, margarine and
plastic fat production demands oils with higher content of satur-
ated fatty acids such as palmitic or stearic acids, preferably stea-
ric because of the unhealthy effect of palmitic acid.

To test oil stability, thermo-oxidative treatments are usually
carried out at 1808C for 10 h monitoring the increasing forma-
tion of polar and polymer compounds over time. In this regard,
as shown in Fig. 1A, vegetable oils could be classified in three
groups: (i) standard oils with a high content of polymerised TAG,
up to around 17% at 10 h treatment; (ii) high-oleic sunflower
and palm olein oils with around 10% of polymerised TAG after
the same treatment; and (iii) the high-palmitic high-oleic sun-
flower oil with only 6% of polymerised TAG at the same time.
This indicates that oils with the higher content of oleic and pal-
mitic acids are the best for high temperature applications. Rejec-
tion levels of 12% of polymers have been recommended in cur-
rent regulations for discarding used frying fats for human con-
sumption. As a result, commodity oils, soybean, canola and stan-
dard sunflower oils must be rejected after 8 h at 1808C, while
high-oleic sunflower could still be used after 10 h and the high-
palmitic high-oleic oil would be even further from rejection.

Tocopherols as good antioxidant molecules are one of the
minor components of sunflower oil with a-tocopherol (vitamin
E) being the largest in commodity sunflower oil. New sunflower
lines with modified contents of tocopherols have been obtained
(Table 2). These new lines have been obtained from germplasm

of wild and cultivated sunflower. The tocopherols accumulated
in these lines mainly depend on modifications on the genes that
control the biosynthetic pathway. The oils containing c-toco-
pherol and d-tocopherol have the advantage of a higher oxida-
tive stability but a reduced vitamin E content. As stated above,
tocopherols could also modify the thermo-oxidative stability of
the oils, and Fig. 1B shows the polymerised TAG at 1808C of
genetically modified sunflower oils varying in their tocopherols
[5]. Oils tested in this experiment were standard, high-oleic con-
taining a-tocopherol, high-oleic high-palmitic containing a-toco-
pherol, and high-oleic high-palmitic containing c-tocopherol.
After 10 h at 1808C, standard and high oleic sunflower oils have
17.4% and 8.2% of polymerised TAG, respectively, while the
high-palmitic high-oleic oils have only 2.3% and 1.4%. Further-
more, after 25 h of experiment the polymerised TAG in high-pal-
mitic high-oleic oils were only 8.7% and 4% with less than 12% of
total polymers and therefore still suitable for human consump-
tion. These two high-palmitic high-oleic oils have very high oxi-
dative stability; and the one with c-tocopherol is the best show-
ing always less than half of the polymerised TAG than the same
oil with a-tocopherol – even after 25 h it was less polymerised
than the standard sunflower after 2 h, making this oil extremely
stable.

High-stearic high-oleic sunflower oils and also liquid fraction
obtained from them by cold fractionation have good thermo-oxi-
dative stabilities. These oils have a reduced content of polyunsa-
turated fatty acids, high content of oleic and some stearic acid.
Experiments made to determine their oxidative stability have
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Table 2. Tocopherol composition of oils extracted from modified sun-
flower lines.

Oil Type Tocopherol composition (%)

a-T b-T c-T d-T

Standard a-T 95 4 1 0
Medium b-T 50 50 0 0
High b-T 75 25 0 0
High c-T 5 0 95 0
High d-T 5 0 30 65

Figure 1. TAG polymerization at 1808C of vegetable oils. A.
Soybean (H), canola (J) and sunflower (9) are the standard com-
modity oils, palm (h) is a commercial palm olein, high-oleic (0)
and high-palmitic high-oleic (G) sunflower oils are genetically
modified sunflower oils. B. Standard sunflower oil (9), high-oleic
(0), high-oleic high-palmitic oil containing a-tocopherol (F), and
high-oleic high-palmitic oil containing c-tocopherol (f).

 18635377, 2009, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lite.200900016 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [04/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Lipid Technology April 2009, Vol. 21, No. 4 81

shown that the total amount of modified TAG in these oils after
10 h at 1808C is similar to the one observed in high-palmitic
high-oleic oils with a-tocopherol.

For oils with high saturated content, which can be solid at
relatively high temperatures, a new parameter must be defined,
i.e. the cloud point or the temperature to which the liquid
appears turbid. Oils with cloud point of above 08C are difficult to
transport and need special factory requirements. During trans-
port and storage in winter the oil could become solid. Therefore,
the preferred deep frying oils must have good oxidative stability
and be liquid at least down to 08C. The high-stearic high-oleic
oils are very stable but they are solid at room temperature, and
the high-palmitic oils are quite solid at temperatures between 0
and 108C. However, high-oleic sunflower oil and olein fractions
from high-stearic high-oleic sunflowers are probably the best
oils for deep frying, particularly if they contain c-tocopherol
instead of a-tocopherol.

Confectionery fats

For the elaboration of some products the food industry needs
solid or semisolid fats, whose traditional sources have been ani-
mal and some tropical fats, such as palm and lauric oils (palm
kernel and coconut). Studies in human health have demon-
strated that these fats are unhealthy due to their elevated con-
tents of medium and long-chain saturated fatty acids (mainly
myristic and palmitic acids). Their intake increases the plasma
levels of low density lipoprotein (LDL)-cholesterol (“bad choles-
terol”), which generates an increment in the risk of suffering
cardiovascular diseases [4]. The effect of fats on the cholesterol
levels depends on their fatty acid composition [6]. The relation-
ship between plasma cholesterol levels and cardiovascular dis-
eases is well-known. The ingested fatty acids modulate the lipo-
protein levels (and therefore the type of cholesterol). In general,
unsaturated fatty acids (oleic, linoleic, and linolenic acids)
increase the high density lipoprotein (HDL) and diminish the
LDL, for that reason they are considered healthy. On the other
hand, saturated fatty acids (lauric, myristic and palmitic)
increase both the LDL and the HDL and therefore the ratio LDL/
HDL. But stearic acid – in spite of being saturated – does not have
any effect on the cholesterol content [4]. The main reason for
this is that stearic acid is transformed very quickly into oleic
acid in the liver. In conclusion, it is possible to say that the inges-
tion of stearic, oleic or linoleic acid does not modify the profile
of lipoproteins.

To solve the problem regarding the use of hydrogenated vege-
table fat, animal fat or tropical fats, a research project was car-
ried out with the aim of obtaining natural, semi-solid sunflower
oils that could be used directly in the food industry for the pro-
duction of margarine and similar products without the need for
any chemical manipulation. New lines have been selected by
classic methods, i.e. without the application of genetic engineer-
ing techniques, just the same as the high-oleic sunflower
mutant. Sunflower lines having high-stearic acid content
together with oleic or linoleic acids are a healthy alternative to
these unhealthy fats. From a practical point of view, the compar-
ison of the cloud points from standard (–88C), high-oleic (–88C)
and high-stearic high-oleic (248C) sunflower oils points to the
last one as suitable for manufacture of margarine, spreads,
bakery and other products were a plastic fat is needed.

The triacylglycerol composition of these new oils is different
from those of the standard sunflower oil, making them appro-

priate for industry demands (Table 3; Fig. 2). High-stearic lines
contain a considerable percentage of triacylglycerols with two
saturated fatty acid molecules, EOE and POE (abbreviations as in
Fig. 2, also see note with legend) being the most abundant spe-
cies in high-stearic high-oleic oils, and ELE and PLE those in the
lines with a high-linoleic background. These triacylglycerol spe-
cies have mainly linoleic or oleic acids in the central position of
the triacylglycerol, which makes them appropriate for the pro-
duction of healthy margarines. With fats constituted by these
types of triacylglycerol – keeping in mind the effect on choles-
terol levels of these fatty acids besides the fact that they do not
contain saturated acids in the central position of the triacylgly-
cerol and following the recommendation of the World Health
Organiation in its Technical Report Series 916: Diet, Nutrition
and the Prevention of Chronic Diseases – it can be stated that a
healthier margarine than existing ones can be manufactured
from these oils.

Non-food industrial uses

The price of sunflower oil usually prohibits its widespread use in
industry, but several applications have been explored. That is
the case of its use in the production of biodiesel and biolubri-
cants. Biodiesel can be produced from any fat including sun-
flower oil through transesterification, but – as it has been com-
mented – sunflower oil is priced at a premium to soybean and
canola oils due to demand from the food processing industry
making prohibitive its use as biodiesel.

Standard sunflower oil is rich in polyunsaturated fatty acids
and therefore its thermal and oxidative stability is unsatisfac-
tory for biolubricants. On the other hand, saturated triacylgly-
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Table 3. Triacylglycerol subclasses composition of standard sunflower
(RHA-274), high-oleic (CAS-9), high-stearic high-linoleic (CAS-30), and
high-stearic high-oleic (CAS-15) oils. SUS, disaturated triacylglycerols;
SUU, monosaturated triacylglycerols; and UUU, triunsaturated triacylgly-
cerols. S, saturated; U, unsaturated fatty acids.

TAG type CAS-9 RHA-274 CAS-15 CAS-30

SUS 0.9 1.8 18.4 29.0
SUU 21.5 30.7 61.9 57.0
UUU 77.5 67.5 19.1 13.8

Figure 2. Triacylglycerols chromatograms of standard RHA-
274, high-oleic HA-OL9, high-stearic CAS-3 and high-stearic
high-oleic CAS-15 sunflower oils. P, palmitic; St, stearic; O,
oleic; and L, linoleic fatty acids.
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cerols have poor low temperature properties. For these reasons,
high-oleic sunflower oils provide acceptable oxidative stability,
good low temperature properties, and good lubricating proper-
ties. The only consideration is that as base oil it is a good lubri-
cant under mild conditions (i.e. lower temperature and lighter
load) but under heavier loads, additives are necessary. Addition-
ally, the use of sunflower oil as a pesticide carrier and in the pro-
duction of paints, soaps and detergents, varnishes, agrichem-
icals, surfactants, adhesives, plastics, fabric softeners and coat-
ings has been explored.

Conclusion

To sum up, these new sunflower oils with modified tocopherol
and fatty acid composition developed as a feedback for the food
industry requirements to offer healthier products, and the two
commodity oils available nowadays (normal and high-oleic sun-
flower oils) can cover the requirements of the food industry
without chemical manipulation with the aim of increasing the
consumers’ quality of life.
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In this completely rewritten Second Edition of Trans Fatty Acids in Human Nutrition, authors who are
recognized international authorities in their field have addressed the major areas of trans fatty acids (TFA)
research such as consumption, analysis, biochemistry, synthesis and natural TFA biosynthesis, health
effects, food formulation, and also regulation and consumer perception. Each chapter contains the latest
references and major advances and breakthroughs in a specific area of trans fatty acids research.
Furthermore, the book also includes a discussion of a major issue - the health effects of the `natural trans
isomers', comparing their effects to those observed for TFA produced during hydrogenation. The First
Edition of Trans Fatty Acids in Human Nutrition carried out a very similar task for the state of our knowledge
in the late 1990s but the rapid expansion and progress in the subject meant that it had to be completely
re-written and expanded from the original 9 to the present 15 chapters of the Second Edition.
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