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Introduction
The sunflower is one of the four most important oilseed crops in the world, and 

the nutritional quality of its edible oil ranks among the best vegetable oils in cultiva-
tion. Typically, up to 90% of the fatty acids in conventional sunflower oil are unsatu-
rated, namely oleic (C18:1, 16-19%) and linoleic (C18:2, 68-72%) fatty acids. Palmitic 
(C16:0, 6%), stearic (C18:0, 5%), and minor amounts of myristic (C14:0), myristoleic 
(C14:1), palmitoleic (C16:1), arachidic (C20:0), behenic (C22:0), and other fatty acids 
account for the remaining 10% [30].

Generally speaking, sunflower oil has not been widely used for non-food purposes 
yet because of its limited supply and higher price as opposed to soybean oil and other 
industrial oils [13]. The same authors, however, state that, besides the use of sunflower 
oil in the human diet, this oil can have a wide variety of uses in different industries, 
such as illumination oil, soaps, cosmetics, pharmaceuticals, emulsifiers, lubricants and 
greases, drying and semi-drying oils in paints, varnishes and other coatings, plastics 
and polymers, synthetic rubber manufacture, fat liquors for the leather industry, or sub-
stitutes for diesel fuel.

The fatty acids content depends on the genotype well as on environmental factors, 
especially the location, soil type, precipitation, and most importantly the air tempera-
tures (max. and min.). Oil quality in sunflower (fatty acids and tocopherols) has been 
subjected to significant genetic changes using induced and spontaneous mutations. The 
first significant results were obtained by Soldatov (1976), who treated the seeds of the 
variety VNIIMK 8931 with a solution of dimethylsulfate (DMS), which caused a muta-
tion with a high oleic acid content. Based on this mutation, Soldatov (1976) developed  
the variety Pervenets, which had an oleic acid content of 75%. Based on this variety, 
sunflower breeders worldwide developed hybrids and lines with a high oleic acid con-
tent (85-92%).

Fernandez-Martinez et al. (2007) point out that a great deal of variation in the levels 
of all fatty acids and tocopherols in sunflower oil has been developedby searching for 
natural variations in world collections and to a larger extent by the mutagenesis. When 
it comes to the most common fatty acids, in the case of high linoleic acid content ge-
netic variability present in the world collections was used, whereas with high levels of 
oleic, palmitic and stearic acids induced mutations were employed. Also, in the search 
of sources with a high linoleic acid content wild sunflower species can be used. 

Thus, Seiler (1992) determined that a number of wild species of sunflower contain 
high levels of linoleic acid. Among these, the highest level can be found in H. porteri 
(83.2%). Seiler et al. (2012), on the other hand, recommend certain populations of H. 
pumilus for obtaining high linoleic acid content and some other wild species for obtain-
ing high levels of palmitic and stearic acids.

Using induced mutations, Ivanov et al. (1988), Osorio et al. (1997), Fernandez-
Martinez et al. (1997), and Mancha et al. (1994) obtained mutants with a high palmitic 
acid level. Furthermore, Osorio et al. (1997), Fernandez-Moya et al. (2005), and Man-
cha et al. (1994) obtained mutants with a high stearic acid content.

Tocopherols are a family of fat soluble antioxidants of great value for both nutri-
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tional and technological properties of seed oil. Sunflower seeds mainly contain alpha-
tocopherol (95% of the total tocopherols), which has a great vitamin E value but a 
low in vitro activity. Conversely, beta-tocopherol shows more balanced in vitro and in 
vivo antioxidant properties [38]. Significant changes in the type and levels of tocophe-
rols were discovered in spontaneous mutations by Demurin (1993) and Demurin et al. 
(1996). 

Velasco and Fernandez-Martinez (2003) studied the variability of tocopherol conent 
in 952 accessions and in the old Peredovic populations and found two lines that were 
of interest in this regard - one with a high beta-tocopherol content and the other with 
high levels gamma-tocopherols. Using induced mutations (a solution of ethyl methane 
sulfonate (EMS)), Velasco et al. (2004) separated in the M4-5 generation lines with 
high levels of gamma-, beta-, and delta-tocopherols.

Ayerdi Gotor (2008) pointed out the importance, variability, and possibilities for 
increasing the levels of tocopherols and phytosterols.

The objective of this paper was to make a review of the genetic variability of oil 
quality components in sunflower using own results and those of other authors.

Genetic progress achieved in oil quality components in sunflower. Sunflower 
breeders and geneticists have in the decades past greatly altered the levels of oil quality 
components, first and foremost the levels of the most common fatty acids and toco-
pherols using induced and spontaneous mutations as well as using the modern breed-
ing methods (biotechnology at the molecular level). The only case where insufficient 
progress has been made are phytosterols as minor components that have important 
impact on oil quality.

The main parameter that determines oil quality is the fatty acid composition and 
the mutual relationship among fatty acids. The first genetic source with a high oleic 
acid content was obtained by Soldatov (1976) using induced mutations (treatment of 
sunflower seeds with a 0.5% solution of dimethyl sulfate). In the M3 generation he se-
lected genotypes with an increased oleic acid content so that by the end of the breeding 
process a variety called Pervenets was developed that had 78-85% of oleic acid in its 
oil. The variety Pervenets has been used by breeders worldwide to develop lines and 
hybrids with a high level of oleic acid. Later on, Andrich et al. (1992) and Ivanov and 
Ivanov (1992) obtained new mutant lines with a high oleic acid content (Table 1).

Compared with mutant lines with a high oleic acid content, there has been less 
progress in finding sources of high linoleic acid using mutagenesis. However, sunflow-
er breeders and geneticists have developed a number of lines with a high linoleic acid 
content using the variability present within populations of cultivated sunflower.

Using mutagenesis lines have been developed that have high levels of palmitic 
acid. In some instances the level of this acid goes up to 30%, as opposed to 5-6% found 
in standard sunflower genotypes. 

Mutant lines with a high palmitic acid level were developed by Ivanov et al. (1988), 
Osorio et al. (1997), and Salas et al. (2004). For their part, Fernandez-Martinez et al. 
(1997) obtained a mutagenic line (CAS-12) that has both a high palmitic acid content 
and a high oleic levels (Table 1).

Significant results have been achieved in developing mutagenic lines with high 
levels of stearic acid [22, 10, 11]. The same authors obtained a mutagenic line which is 
both high stearic and high oleic (Table 1). Three mutagenic lines with medium to high 
stearic acid content have been developed by Osorio et al. (1995), while Miller and Vick 
(1999) developed lines that are low in stearic acid (LS-1 and LS-2). These same authors 
also selected a line (LP-1) which has a low palmitic acid content. When it comes to 
material low in total saturated fatty acids, Vick et al. (2002) and Seiler (2004) reported 
obtaining such mutant lines.

In the case of our own breeding program, great attention has been paid to develop-
ing lines with different levels of fatty acids and tocopherols. 
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Table 1. Mutant lines for the most common fatty acids in sunflower oil
Oil type Lines References

High oleic Pervenets
G18

Soldatov, 1976
Ivanov and Ivanov, 1992

Andrich et al., 1992
High linoleic 2698-L Miller and Vick, 2001

High palmitic
275HP
CAS-5
CAS-37
HP line

Ivanov et al., 1988
Osorio et al., 1995
Salas et al., 2004
Demurin, 2003

High palmitic-oleic CAS-12 Fernandez-Martinez et al., 1997

High stearic
CAS-3
CAS-30
CAS-14

Osorio et al., 1995
Fernandez-Moya et al., 2005
Fernandez-Moya et al.,2002

High stearic-oleic CAS-15 Fernandez-Moya et al., 2005

Low stearic LS-1
LS-2 Miller and Vick, 1999

Low palmitic LP-1 Miller and Vick, 1999
Low total saturated 
acids

RS1 and RS2
NMS 2229

Vick et al., 2002
Seiler, 2004

Medium to high 
stearic

CAS-8, CAS-4, 
CAS-3 Osorio et al., 1995

A large number of such lines have been developed. Looking at the variability of 
fatty acids in our germplasm, the extreme values (min. and max.) in the B lines range 
as follows: 3.0-11.5% for palmitic acid, 0,6-6,2% for stearic, 20,7->90% for oleic, and 
2,6-87,1% (Table 2). 

Table 2. Variability of the levels of the main fatty acids in the oil of different sunflower 
genotypes (%) (Škorić, 2013)

Extreme values Palmitic Stearic Oleic Linoleic

Min. 3,0 0,6 20.7 2,6
Max. 11,5 6,2 90,2 87,1

High oleic mutant lines are controlled by a certain number of genes. The existance 
of a single dominant gene, Ol, has been reported by Fick (1984), while Miller et al. 
(1987) discovered a major gene, Ol, and a gene modifier, Ml. Three complementary 
genes, Ol1, Ol2, and O3, have been reported by Fernandez-Martinez et al. (1989), 
whereas Demurin et al. (1996) found the Ol gene with incomplete penetrance deter-
mined by genotypic epistatic factors of reversion. Five genes - Ol1, Ol2, Ol3, Ol4, and 
Ol5 - have been presented by Velasco et al. (2000), while Lacombe et al. (2001) have 
discovered a high oleic locus, oleHOS, and a suppressor locus, Sup. Also, the mode of 
inheritance of fatty acid content in mutant lines with high (low) levels of palmitic and 
stearic acids has been discovered and determined. These findings will not be discussed 
in detail in the present paper. 

Sunflower oils with modified tocopherols. Tocopherols and phytosterols are im-
portant minor components of sunflower oil, as they significantly affect oil quality.

Natural tocopherols are present in four isomers: alpha (5, 7, 8-trimethyltocol), beta 
(5, 8-dimethyltocol), gamma (7, 8-dimethyltocol), and delta (8-methytocol). Standard 
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sunflower oil predominantly contains alpha-tocopherol (95%) and some beta- (3%) and 
gamma-tocopherol (2%) as well. The modification of the tocopherol profile through a 
partial substitution of alpha-tocopherol, with its weak in vitro antioxidant action, by 
other other tocopherol derivatives is an important goal in developing sunflower oil with 
improved oxidative stability [27].

The discovery by Demurin (1993) that within the sunflower collection there are 
examples of spontaneous mutations when it comes to tocopherols has made it possible 
manipulate tocopherol types and contents in the sunflower oil. The first spontaneous 
mutation occurred in the line LG-15 in which the recessive gene tph1 is present, which 
in the homozygous form produces 50% alpha- and 50% beta-tocopherol. The second 
mutation was the recessive gene tph2 found in the line LG-17, which resulted in the 
expression of 5% alpha- and 95% beta-tocopherol when homozygous. The third was 
the presence of both tph1 and tph2 in the line LG-24, leading to the manifestation of 
8% alpha-, 84% gamma-, and 8% delta-tocopherol in the homozygous state. Lines with 
different tocopherol types and contents discovered by Demurin (1993) are shown in 
Table 3.

Using induced mutations, Velasco et al. (2003) obtained mutant lines IAST (over 
75% beta-tocopherol) and T589 (up to 48.5% beta-tocopherol). The same authors de-
veloped mutant line T2100 with 95% gamma-tocopherol. Velasco et al. (2004) reported 
developing mutant lines IAST-1 and IAST-540 that contained 95% gamma-tocopherol 
as well as the line IAST-4, which had over 65% delta-tocopherol (Table 3). 

Table 3. Mutant lines high levels of tocopherols (alpha-, beta-, gamma-, and delta-)
Tocopherol Lines Percentage of total toco-

pherol content
References

Alpha Common sunflower 95 Demurin, 1993

Beta LG-15
IAST-5
T589

50
>75

30.4-48.5

Demurin, 1993
Velasco et al., 2004
Velasco et al., 2003

Gamma IAST-1, IAST540
LG-17
T2100
LG-24

>95
95
95
84

Velasco et al., 2004
Demurin, 1993

Velasco et al., 2003
Demurin, 1993

Delta IAST-4 >65 Velasco et al., 2004

Škorić et al. (2008) have reported part of their resultsbased on which it is possible 
to develop sunflower hybrids with different oil quality.

To the above results, we should add our own findings on developing male lines 
(restorers) by crossing the Demurin (1993) lines with high-oil lines. In the segregat-
ing generations (F2, F3, and F4), recombinations have occurred with different types 
and levels of tocopherols. The variability of the newly developed recombinant restorer 
lines is very great. Thus, in some of the lines the alpha-tocopherol content ranged be-
tween 3.7 and 1,282.8 mg/kg oil (ppm). With beta-tocopherol the range was between 
0 and 462.8, with gamma- between 0 and 751.8, and with delta- between 0 and 329.8. 
Looking at the total tocopherol content, great differences were present. The minimum 
level was only 86.7 in one of the lines, while the maximum level recorded in one of the 
newly developed lines was as high as 1,970 mg/kg oil (ppm) (Table 4).

In order that the concrete variability of tocopherols in the inbred lines can be seen, 
we have selected a certain smaller number of the restorer lines for analysis (Table 5). 
Thus, for example, the line RHA-S-1 had equal amounts of alpha- and beta-tocophe-
rols. Also of interest is the tocopherol composition in the line RHA-S-58, where equal 
levels of alpha-, beta-, gamma-, and delta-tocopherols (25% each) were recorded. The 
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line RHA-S-59 is interesting, as it has only gamma-tocopherol. From the breeder’s 
point of view, another interesting line is RHA-S-132, which had 80% gamma- and 20% 
delta-tocopherol (Table 5).

Table 4. Variability of thocopherol levels in the oil of different sunflower genotypes 
mg/kg oil (ppm)

Extreme values Alpha Beta Gamma Delta Total

Min. 3,7 0 0 0 86,7

Max. 1 282,8 462,8 751,8 329,8 1,970

From the point of view of breeding, also of interest is a group of restorer lines with 
a high oleic acid content and very low levels of linoleic acid, predominant levels of 
alpha-tocopherol, mostly a high oil content, and certain tolerance of Phomopsis (Table 
6). Among this group of restorers, high oleic acid levels are found in Rus-rf-ol-54, 
Rus-rf-ol-77, Rus-rf-ol-207, Rus-rf-ol-209, Rus-rf-ol-222, and Rus-rf-ol-242 (Table 6). 
When it comes to low linoleic acid content, there are two lines with as little as 1% of 
linoleic acid and six with 2%. Five lines have a very high seed oil content, ranging from 
54.7 to 59.13%. Ten of the restorers have less than 50% of oil in their seeds. In any 
case, all these restorer lines deserve to be crossed with select female lines and tested for 
their agronomic value in terms of combining abilities (GCA and SCA). 

Table 5. Restorer lines with different tocopherol levels (%) (Škorić, 2013)
Line Alpha Beta Gamma Delta

RHA-S-1 50 50 0 0
RHA-S-9 90 10 0 0
RHA-S-13 20 80 0 0
RHA-S-23 30 Tr. 60 10
RHA-S-25 40 10 40 10
RHA-S-53 60 20 20 0
RHA-S-58 25 25 25 25
RHA-S-59 0 0 100 0

RHA-S-132 0 0 80 20
RHA-S-134 80 20 0 0

Molecular research of components of sunflower oil quality. In the last 10-15 
years, major advances have been made in sunflower research at the molecular level 
aimed at testing oil quality in this crop. The molecular basis of a modified fatty acid 
content in the seed oil of sunflower has been studied through a QTL and a candidate 
gene approach by Fernandez-Martinez et al. (2004). According to these authors, a 
number of sunflower genes coding for enzymes involved in the fatty biosynthetic path-

way in seeds have been cloned and their polymorphism studied [28].
As Škorić (2012) collected and analyzed in detail the achievements in the field of 

molecular research of fatty acids and tocopherols, it is not necessary to repeat these 
findings in the present paper. Molecular research of sunflower oil quality components 
should be the subject of a voluminous review paper. What is important to note is the 
fact that molecular research in this field is taking place on a daily basis and that signifi-
cant results have been achieved that can help a lot sunflower breeders in their develop-
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ment of sunflower hybrids with different oil quality.

Table 6. High-oleic Rf lines with predominant alpha-tocopherol content 

No. Line
Fatty acid 

composition (%) Tocopherols (%) Oil 
content 

(%)
Phomopsis 
(0-5 scale)

Oleic Linoleic Alpha Beta

1. Rus-rf-ol-27 85 4 100 - 47.68 4
2. Rus-rf-ol-38 89 4 100 - 54.70 4
3. Rus-rf-ol-39 87 5 100 - 44.87 4
4. Rus-rf-ol-54 90 2 100 - 51.71 3
5. Rus-rf-ol-67 89 2 100 - 49.41 4
6. Rus-rf-ol-68 87 4 100 - 47.88 4
7. Rus-rf-ol-70 85 5 100 - 43.71 4
8. Rus-rf-ol-77 91 1 100 - 58.39 4
9. Rus-rf-ol-78 88 2 100 - 56.00 4
10. Rus-rf-ol-80 87 4 100 - 45.98 4
11. Rus-rf-ol-91 88 3 100 - 55.26 3
12. Rus-rf-ol-94 86 3 100 - 43.55 4
13. Rus-rf-ol-134 85 6 100 - 43.46 4
14. Rus-rf-ol-140 84 4 100 - 46.43 4
15. Rus-rf-ol-142 88 2 100 - 59.13 3
16. Rus-rf-ol-154 84 4 100 - 53.90 3
17. Rus-rf-ol-206 88 3 100 - 42.02 4
18. Rus-rf-ol-207 90 2 100 - 53.46 4
19. Rus-rf-ol-209 90 1 100 - 52.83 4
20. Rus-rf-ol-222 90 2 100 - 52.57 4
21. Rus-rf-ol-242 91 3 100 - 52.57 4

The possibility of developing sunflower hybrids with novel oils. Sunflower 
breeders and geneticists have developed a large number of inbred lines with different 
composition of the main fatty acids (oleic, linoleic, palmitic, and stearic) using induced 
and spontaneous mutations. Of special value are the mutant lines with high levels of 
the above fatty acids. Also, sunflower geneticists have developed inbred lines with high 
levels of beta-, gamma, and delta-tocopherols.

The question is why it is important to have all the above sources with different 
levels of fatty acids and tocopherols. The genes that have been discovered are of great 
practical importance in developing sunflower hybrids with different oil quality. Thus, 
Garces et al. (2009) have concluded that the aforementioned variability will enable the 
development of hybrids with novel oils that can successfully be used in homesteads for 
preparing high quality foods. Also, it will open up new possibilities in the food industry 
as well as in non-food technologies (biolubricants and biodiesel).

The new variability of fatty acid and tocopherol contents enables the development 
of sunflower hybrids with significantly higher oil stability at increased temperatures 
[30]. Karlović et al. (1997) studied our hybrids using the Rancimat test at 100ºC and 
reported that the standard oil (linoleic type) was stable for 8 hours, oleic type for 36 
hours, and oleic type with a high gamma tocopherol content for over 150 hours. These 
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findings speak for themselves when it comes to the importance of developing hybrids 
with a high oleic acid content and high levels of beta- and gamma-tocopherols. 

Spanish results are an even better illustration of the importance of developing hy-
brids with different levels of fatty acids and tocopherols. Using the Rancimat test at 
180ºC, Marmesat et al. (2008) state that a sunflower line that has high levels of oleic 
and palmitic acids and a high level of gamma-tocopherol (HDHPSD-gamma) also has a 
high degree of stability at frying temperatures. The same authors state that a mixture of 
HDHPSD-alpha + HOHPSO-gamma tocopherols is an outstanding combination of oils 
for use in the food industry that ensures not only oxidative stability but also provides 
the necessary amount of vitamin E.

Besides tocopherols, phytosterols are another minor component of sunflower oil. 
From the point of view phytosterol content and genetics, the most significant results 
have been achieved by Ayerdi Gotor (2008). This author analyzed in detail the levels, 
variability, and types of phytosterols in the oils of sunflower, rapeseed, maize, olive, 
and palm. Based on the results of that study, the most common component in the oil are 
beta-sitosterols. The levels of campasterol and stigmasterol, on the other hand, are sig-
nificantly lower. The same author concludes that beta-sitosterol and gamma-tocopherol 
are important antioxidants.  Ayerdi Gotor (2008) also reports that the stability of phy-
tosterols is signicantly higher than that of tocopherols. Another important contribution 
by Ayerdi Gotor (2008) is the study of correlations among tocopherols, phytosterols, 
and fatty acids. She concludes that there are significant positive correlations among the 
types of tocopherols and phytosterols as well as between tocopherols and phytosterols. 
Another important finding is the presence of significant positive correlations between 
oleic acid and alpha-, beta-, gamma-, and delta-tocopherols.

Based on the variability of fatty acids and tocopherols achieved by using spontane-
ous and induced mutations, it is possible to develop sunflower hybrids with different oil 
quality (novel oils). Thus, Fernandez-Martinez et al. (2007) conclude that is desirable 
to work on five new oil types, namely high oleic (suitable for salads and cooking), high 
stearic-oleic (for the production of healthier margarines) high palmitic-oleic (for high 
performance frying operations without hydrogenation), high and stable linoleic (ap-
plications in the coating industry - a novel therapeutic nutrient), and mid and high oleic 
combined of in vitro antioxidant (usable for biodiesel, deep frying, and biodegradable 
lubricants). Škorić et al. (2008), for their part, mention at least seven new types of oil 
in addition to the standard one. Apart from those mentioned by Fernandez-Martinez 
et al. (2007), these are high oleic (Ol + tph1 genes), high oleic (Ol + tph2 genes), and 
high oleic (Ol + tph1 tph2 genes). Škorić et al. (2008) conclude that in addition to the 
aforementioned types of oil it is possible to develop at least 15 other types of hybrid 
sunflower with altered oil quality, which presents a range of possibilities for both food 
and non-food uses of sunflower oil. The conclusion of Fernandez-Martinez et al. (2007) 
is that the combination of several quality traits in a single phenotype will enable the 
tailoring of specialty oils for specific uses in the food and non-food industries. The 
novel fatty acids and tocopherol traits are in all cases governed by a reduced number of 
genes and can be easily managed in breeding programs aimed at developing cultivars 
incorporating these traits. Škorić et al. (2008) conclude that to define the parameters of 
the future novel sunflower oils, geneticists, breeders, physiologists, and representatives 
of the food industry should join forces with medical scientists, nutritionists, and spe-
cialists from other fields in a multidisciplinary effort to find the answers to a multitude 
of questions on future uses of sunflower oil. The sunflower kernel and its novel oil can 
be used as the basis for a wide range of high-quality final products. 

Conclusions
Based on our own results and those of other authors, the following conclusions can 

be made:
- The oil of common sunflower genotypes ranks among the best vegetable oils in 
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the world;
- Using induced and spontaneous mutations, mutant sunflower lines have been de-

veloped that have high levels of the most common fatty acids (oleic, linoleic, palmitic, 
and stearic) in their oil. The number of genes for these mutant lines and the mode of 
inheritance in the F1 and F2 generations have been determined as well. Also, their ge-
netics at the molecular level has been studied to a large extent;

- Induced mutations have been used to develop mutant lines with high levels of 
beta-, gamma-, and delta-tocopherols. Through spontaneous mutations the genes tph1, 
tph2, and tph1tph2 have been discovered, which enables great breeding interventions 
in the genetic manipulation for tocopherol type and content;

- The great genetic variability that has been achieved in the cases of fatty acids and 
tocopherols makes it possible to develop hybrids with different oil quality (novel oils) 
for use in both the food and non-food industries;

- Sunflower breeders and geneticists have the task of making the necessary changes 
of phytosterols in addition to fatty acids and tocopherols, which will increase the pos-
sibilities for developing even more diverse sunflower hybrids;

- Some of the novel sunflower oils can be used for medicinal purposes as preven-
tion against cardiovascular disease.
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