
ACID COITTEI{T IN ST]NFLO\VER
oIL, DBPENDII\G ON GEI\IOTYPE
AND ENVIROITMENT

INTRODUCTION

The last ten-fifteen year outlook calls for a
continuous sunflower deverlopment a,II over the
world, for widetry different purrposes. This im-
poses, along with other reseanch, the progress
of oil quality study. OiI quality is generally
defined by its fatty acid cornposition, and parti*
cu'larly by the linoleic acid pleporlion.

At present, linoleic aci'd is unanirnously re-
cognised as an essential fatty acid for the
hu,man organisrn and precursor of the PGEI and
PGE2 prostag andines, which have a leading
part in prevention and cessation of the atero-
genesis process (Juillet, 79721. Boldingh, 1975).

In te.mpe,rate zones, sunflower oil has been
considered of the first prlce among the other
vegetable oils, especially due to its high lino-
leic acid content (over 600/6). However unsatu-
rated fatty acid ,composition of sunflower oil
proved to be greatly infl.uenced by the envi-
ronmental con'ditions, particularly by ternpe-
rature and humidity (Campos, 7972; McWil-
liams et a1., 1976 ; Vereschiagyn, 1976). Other
resu,lts established that the genotype ef'fe'ct on
oil composition is much exceeded by the en-
vironment effect (Putt et al., 1969 ; Schuster
et al., 19721' Filipescu, 7975 ; Dompert et aI.,
7975 ; Ermakov and Iarosch 1976 ; Marquard
et al., 7977). However some genotypes have a
more constant high linolei,c acid content and
they could be of interest for warm and arid
areas, where conditions are less favourable for
linoleic,acid accumulation.

One of the reseanch topics of the Euro,pean
Research Network on Su'nf,lower, sponsored by
F.A.O., is centred upon the variability of fatty
acids and tocopherols in sunflower oil. This
investigation was started in 1976 using the seed
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samples taken frorn the international trials
with sunflower cultivars organized by the
Network in diff,erent Eu,rop'ean countries.

This paper represents a preliminary study
based on 1976 experirnents, being intended to
ctraracterize the fatty acid composition of dif-
ferent sunflower genotypes and its variabi'lity
du'e to the environl-nental changes.

MATER,IALS AND METHODS

Sunflower ,cultivars and locations are pre-
sented in Ta;ble 1.

Oil was prepared by extraction from dehul-
led kerne,ls with petroleum ether, followed by
filtration through Na SOz, sicc. and evaporation
of the solvent at 40"C und,er low pressure.

Fatty acid com'position was determined by
gas-liquid chromotography of methyl esters,
prepared in the presence of H Cl O,:, (Mavrikos
and Eiiopoulos, 1973). A Carlo Erba Mod. 2304

instrument was used, equipped with flamme
ionization detector, 2.1 X 5.0 mm stainless steel
colu,mn packed with 150Â DEGS on Chromo-
sorb W-AW 100-120 mesh. and carrier gas

nitrogen. The injector, colu'mn and detector
ternperatures were 225, 190 and 225"C res-
pectively. The percentage of each component
was calculated using the r:atio of each area to
the sum of the areas undsr all of the conapo-
nent peaks. Peak areas were determined by
mu'ltiplying the height by width at half height.
Iodine value was calculated from the unsatu-
rated fatty aci'd composition of the oil samples.

Analysis of variance and regression coeffi-
cients (b' y) were calculated by standard me-
thods (Eberhart and Russel, 1966).



Sunflower hybrids and varieties studied in

Trial No. 1
Half-late hybrids and varieties

Table 1

F.A.O. co-operative triats in lg?6 r

Trial No. 2
Early and hatf-early hybrids and varieties

France (Montpellier) ; Hungary
Israel (Bet Dagan) ; Italy (Pisa) ;
(Fundulea) ; Spain (Côrdoba).

locations

France (Montpellier) ; Hungary
(Iregszemcse) ; Israel (Bet Dagan) ; Italy
(Pisa) ; Poland (PoznaÉ) ; Romania
(Fundulea) ; Spain (C6rdoba) : Sweden
(I-Lppsala).

Countries and
(Szeged) ;
Romania

.l
Xo'l
Ê{( 

I

Cultivar

Peredovik
Helios 322

Yu NS-65

H-223

H-465

H-489

Airelle
Relax
Remil

Romsun 52

Romsun 53

Romsun 59

Sorem B0

Sorem 82

Sorem HT-64

Geno- |typ. * 
|

origin XO
Geno-
type {

oPv
SH

SH

SH

SH

SH

SH

SH

SH

SH

SH
SH

SH

SH

TH

U.S.S.R.

Bulgaria
Yugoslavia
Spain

Spain

Spain

l'rance
France

France

Romania

Romania

Romania

Romania

Romania

Romania

I Seed sâmples supplied by : c. piquematy. shchori (Israel), c. vicentini (Italy], D.* OPV : open pollinated variety
SII : single hybrid' I'II : three-way hybrid

RESULTS AND DISCUSSION

1. LINOLEIC ACID CONTENT AND
IODINE VALUE

- The analysis of variance (Table 2) clearly
shows tha,t the environrnental influences havê
contributed much more than cultivars to the
variability of linoleic acid content and iodine
value, both in Trial No. 1 and Trial No. 2.

Table 3 presents the linoleic acid content in
the oil of hal'f-late cultivars tested in six loca-
tions. The di.fferen,ces between genotypes are
significant in the same locality (e-tio7s tino-
leic acid), but they are considérably sur.passeC
!y tne environment,al factor:s (lB-270/; lino-
leic a'cid). The genoty,pe differences are smallerin areas with favourable climati,c conditions
for linoleic acid accumulation and larger in less
favou,rab'tre areas, for instance in Is-rael. The
highest mean values of the linolei,c acid were
obtained with Rornsun b3, So.rern B0 and So-
rem 82 (65.6070, 63.80/o and 68.70/s), and the
lowest with Remil (57.50717,

The lower F values of the interaction culti-var X location indicate that, in gener,al, the

Table 2

Analysis of variance for linoleic acid content and io-
dine value of sunflower cultivars experimented in

F.A.O. international trials ln 19?6

I
3

4

5

6

B

I
10

11

t2
13

L4

15

16

Cultivar

Issanka

Wielkopolski
Helios 14

Yu NS-l
H-23

Fransol

Romsun 18

Romsun 20

Romsun 301

(tr'rance), E. Kurnik and J.
Dominguez ciménez (Spain),

Frânk (Ilungary)
L. Rune (Sweden)

oPv
oPv
SH

SH

SH

SH

SH

SH

SH

Origin

France

Poland
Bulgariê
Yugoslavia
Spain

France

Romania
Romania

Romania

Linoleic acid content

fodine value

Cultivar (C)

** significant at probability 0.01
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of three replications,

Table 3

19?6)

x.o
HZ,

Linoleic acid content ( % ) in sunflower oil from half-late

Cultivar

71.1

68.6

68.6

69.9

?0.3

70.2

70.3

70.2

66.0

69.2

70.4

7t.7

69.5

68.1

71.8

67.2

68.3

70.6

?0.9

69.9

68.5

69.3

64.7

72.9

72.8

71.2

73.8

69.0

62.5

59.3

60.8

64.1

61.9

63.1

61.3

63.8

60.?

61.6

66.3

64.8

64.1

67.5

64.4

60.7

57.3

56.3

60.8

59.7

60.2

55.9

63.2

53.3

60.9

61.6

6t.4

61.6

61.9

56.6

60.7

57.3

58.3

58.8

56.7

57.5

58.5

57.5

53.6

62.6

56.5

60.3

60.8

60.8

51.7

45.8

55.0

54.2

50.?

53.3

48.3

51.0

44.7

59.8

51.4

55.7

+D.O

55.5

63.1

59.2

61.2

63.1

61.7

624
60.5

62.5

57.5

60.2

bD.cl

63.1

63.8

63.7

62.4

b*,vl

0.96

0.87

1.16

t.l2
0.92

1.06

0.8?

0.97

0.80

0.?5

1.34

0.85

1.15

0.72

1.19

9.4

I I.J

5.8

6.9

10,3

7.6

tt.2
8.8

t2.4

16.1

4.5

11.8

o,r

16.2

:).i)

s.
u

1

ô

À

5

6

B

I
10

11

t2
13

I4
15

16

Peredovik
Helios 322

Yu NS-65

H-223

H-465

H-489

Airelle
ReI,ax

Rernil
Romsun 52

Romsun 53

Romsun 59

Sorem B0

Sorem 82

Sorem HT-64

cultivars (mean

Mean
LSD 5%

69.? 70.1 63.1 59.4
0.8 0.? 1.1 1.6

c?
oy

62.0
0.8

:c

51.1

o

-

58.5
0.1

=ooÈ

genotypes respond in the same manner to the
alteration of the environmental conditions.
This supposition was confirm'ed by the analysis
of regression fnom the mean of each cultivar
in a given location (Eberhart and Russel, 1966 ;

Fick and Zimmer, 1976). The regression coef-
fi,cients for 11 genotypes varled from O.Bb to
1.19 (Table 3). Lower values (0.72-0.80) were
obtained with Remil, Romrsun 52 and Sorem
82, which indicates that these hybrids give a
poor resiponse in areas with less favourable
con'ditions for linotreic acid acrcumulation, as
for insance in Spain and Israel. The highest
regrlession coefficient was noticed to Romsun
53, whi,ch has given the highest mean of lino-
Ieic acid content even under less favourable
envi,ronmental conditions.

The variation curve of iodine value, which
is in a c4.ose and positive correl,ation with lino-
Ieic acid ,conterrt, reveals the arnplitude of dif-
ferences among genotypes and locations (Fi-
gure 1). In comparison with the genera'l mean
of the exqeriment (iodine velue 131), the iodine
values are sup,erior with B-9 units in Rornania
and Hungary^, they are situated near the ge-
neral mean in France, Italy and Spain, and
below this mean, with 17 units, in Israel.

The results presented in table 4 show that
the diff,erences aù:nong early and half-early
cultivars are significanrt but much more redu-
ced than those existing between half-late cul-
tivars. It is evident that climatic conditions of
Sweden are extre,metry favourable for linoleic
acid accurnul.ation, blurring even the dif eren-
ces among genotypes, al,I cultivars reaching
!ino-l_çjç açld values between 76 and 79010. On
the contrary, in IsraeL such differences are very

4+

120

115

Fig. 1 - Variability of iodine value of 15 half-late
sunflower cultivars grown in six localities. X cxl, ge-

neral mean of trial; - locality mean ; - Remil ; -Romsun 53 ; LSD 5% : i'S

well expressed, varying from 43.60/o (Romsun
20) to 53.70/o (Romsun 301). In almost all areas
excepting ltaly and S'pain, Romsun 20 and
Romsun 301 achi,eve the lowest and respecti-
vely the highest linoleic acid content, sugges-
ting that linoleic acid accumulation is control-
led genetically and is not only the results of
an interaction between the vegetative period
and temperature of a given area. Similar re-
sults were obtained by Putt and Craig (1969),



Linoleic acid content ( % ) in sunflower oil from early and half-early eultivars (mean

Cultivar

1

3

4

5

6

I

B

I

Issanka

Wielkopolski
Helios

Yu NS-l
H-2r
Fransoi
Romsun 18

Iiomsun 20

Romsun 301

76.8

75.6

76.3

76.0

75.7

75.5

I O.a

75.5

77.9

72.0

7t.5

I i)-t,

73.3

73.9

72.1

71.0

7r.6

75.4

1\{ean
LSD 5(110

62.9

64.0

65.8

64.6

65.3

64.4

63.3

62.8

65.3

0.89

1.02

1.01

0.88

0.96

1.18

1.08

0.88

0.89

12.4

9.6

9.8

L2.5

10.7

7.2

8.6

12.2

tt.7

@-

@

.-.
!
o

x^,

Fig. 2 - Vari,abitity of iodine value of g early and
half-early sunflower cultivars krown in S tocalities.
X a;1r- Seneral mean of trjal ; locality mean ;

- Romsun 20; - Romsun 301 ; LSD b0lo _ l.I.

2. LINOLEIC/OLEIC RATIO

Data pnesented in table 5 and table 6 point
out that linoleic/oleic ratio decreases substan._
tially, in accordance with latitudine, from 4
(Hungary, Romania), to I (Israel) in the case of
half-late cultivars and from 6 (Sweden) to 1
(Israel) in early and half-eaniy sunflowers.

Table 4

of three replications, lg?6)

2

sbE
o

a

aâù 5n

It*"u" I 
o-",I

I

76.2 72.9 70.7 65.8 62.60.4 0.5 0.3 1.2 0 q
58.6 5B.5 48.8 64.32.0 1.8 2.2 1.0

'=Lo

E9Ë->.59F:eoPgdrïù;(noJ,

Kinman (7972), Filipescu et al. (1977), although
Robertson et al. (1971) consider the environ-
mental conditions as the determinant factors
for sunflower oiI composition.

The highest mean values, over 6b0ls, were
obtained with Helios 14, H-28, Romsun 18 and
Romsun 301. The environment seems to exert
a greater influence on early and half-eanly
cultivars than on half-late ones. In table 4, thê
differe_nces in genotype performances vary
from 22.60/o_(Fransol) to 81.90^ (Romsun 20),
while in table 3 such differences are situated
between 13 and 270/0. Tkrc low value of the in-
tera,ction cultivar X location .as well as the
values of the r,egression coefficients close to
lire unit (0.88-1.18) show that the genotyp,es
respond in a similar manner to the enviiôn-
mentaL changes, their order remaining a,lmost
the same in each loca,tion.

The variation curve of the iodine value pre-
sented in figure 2 has atrmost the same asoect
as in figure L. It is evident th.at a decr.-asà of
the iodine value takes place along with the
decr,ease of latitude. Sweden, polanÀ and Hun-
qary are always placed over the general mean,
Romania and France are near tliis mean and
Italy, Spain and particularly Israel are situa-
ted below the general mean.

It is known that the aacutrn:ulation of lino-
leic acid in sunfl.ower seeds is influenced bv
daily temperatures occuring during blooming"-
maturity period (Kinman, 7gT2). Moreover, it
s.eems that its synthesis takes place mainly
durin_g the night (Popov, IgT3), bèing in closê
correlation with the minimum nighl tempe-
rature (McWilliams et al., 1926). It-is not îet,clear wheter temperature acts âirectlv on ih"activity of enzymes involved in desâturation
reacLtion or indirectly, by regulating the pantial
pressure of the molecular oxygen in ce-ll sap
(Dompert and Beringer, 1970).- Such conside_
rations could certainly explain the differences
conceming linoleic acid acumulation in various
sunflower growing areas.

70.4 | 61.1 56.9

60.3

60.0

55.8

58.7

59.0

57.9

62.2

56.2

45.6

47.5

5I.7

46.O

47.8

52.9

50.4

43.6

53.7

68.3 | 62.6

67.4 165.3
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Linoleic/oIeic ratio sunflower oil half-late cultivars (mean

1.42.0

2.010

2,43.5

2.7

Table 5

of three replications' 19?6)

Israel
X,C9Z

Hunsary 
| 
*o*..r" rtaty 

| "o,,"

1

3

4

5

o

,

o

I
t0

11

t2
13

Cultivar

ratio sunflower oil earlY

Table 6

anal helf-early cultivars (mean of three replications' 19?6)

2.2

1.9

2.0

2.0

t.7

1.9

2.0

1.8

1.9

1.5

2.4

t.7

2.1

2.r

2.2

1.3

1.1

1.6

1.5

1.3

1.5

t.2
1.3

0.9

1.0

2.1

1.3

t.7

1.1

L.7

2.6

2.2

2.3

2.5

2.4

2.5

2.3

2.5

1.9

2.3

2.9

2.6

2.6

2.8

2.4

t4
15

16

2.O
Mean

Linoleic/oleic

Mean 5'5 4'6

Such variations have also been comm,unicated

Ë"-'àtttËt investigators. Thus, a- linoleic/oleic
iiti" ài g.3 â"a i.o was obtained bv schuster
.t-tf. 

-OSZZ) in West Germany and Mozambi-

;;"; È;;i.ot' und Iarosch (i976) reported a

r-"ti" "f 
g.S in Novgorod and Omsk and 1'3 in

t.rÀr.L"t and KerËon; and Marquard et al'
(lgii) found ratios of 5'3 in Canada, 4'7 in
iù;;'c-ermany, 2.8 in Yugoslavi'a, 1'5 in Iran
and 1.0 in TurkeY.

It can be concluded that, while in n'orthern

"""". 
-iS*"a"tt, Polan'df slunflower oil is of

;nish-tinoleic" type (7So1o linoleic and I50/o

.i;-i"o)t i" "outn"t"ï"rm 
and dry areas,(Israel)'

iiî'ti-l,i"termediate" type (450/o linoleic and

+So7o ol"i";, similar to sesarne oil, with a lower
biological value but with a higher temperature
oxidative stabilitY.
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VARIABILITE DE LA TENEUR EN ACIDE
LINOLÉIQUE DANS L'HUILE DE
TOURNESOL, EN FONCTION DE

GÉNOTYPE EÎ MILIEU

Résumé

Un nombre de 24 cultivars de tournesol. différents
du poi,nt de vue de la période végétative, expérimen-
tés en essais cornparés en huit pays situés à différen-
tes latitudes, ont été analysés sous l'aspect de la te-
neur en acides gras non saturés, notamment pour la
proportion linoléique/oléiqu,e. On a trouvé des diffé-
rences signifi'cratives parmi les genotypes, dans la
même localité, mais elles sont considérablement dé-
passées par les changements causés par les facteurs
de mi,lieu. Les diffé'rences génotypiques sont plus
faible dans les régions favorabl,es pour l'raocumula-
tion de I'acide linoléique et plus larges dans les ré-
gions moins favonables. Le miùieu peut exencer une
influence plus forte sur les cul,tivam précoces et semi-
précooes que sur les cultivars semi-tardifs.

La proportion linoléiq'ue/oléique décrroît significati-
vement en fonction de latitud,e, de 4 (Hongrie, Rou-
manie) à I (Israël) dans le cas des hybrides précoces
et semi-précoces. On peut conclure que, tandis que
dans les régions nordiques (Suède, Pologne), I'huile de
tourneso,l est de type ,,haut linoléique" (75 % acide
Iinoléique et l5o/o acide oléique), dans les régions mé-
ridionrales (Isnaël) il est de type ,,,intermédiaire" (45%
acide linoléique et 45olo acide oJéique).

VARIABILIDAD DEL CONTENIDO EN
ACIDO LINÔLICO DEL ACEITE DE

GIRASOL SEGLTN EL GENOTIPO Y EL
AMBIENTE

Eiesttmen

Un set de 24 variedades e hibridos de girasol, que
difieren segrin el periodo de vegetati6n, testados en
cultivos comparativos en ocho paises situados en va-
rias lat,itudes, han sido ana,lizados desde èl punto de
vi.sta del contenido en acidos grasos nosaturados, con
interés especial a la relaciôn entre los acfdos lin6licoy oléico. Se han encontrado diferencias significativas
entre genotipos en Ia misma locailidad, pero éstas
estân considerablemente sobrepasadas por los cambios
deterrninados por los factores ambientales. Las dife-
renciras genotipicas resultan menores en las zonas
con condiciones climatfcas favorables a la acumula-
ciôn del acido linôlico y mayores en las zonas menos
favorables. El ambiente puede ejercer una influencia
mayor sobre las cultivares precôces y semi-precôces
que sobre tras semi-tardias.

La relacion linôlico/oléieo va disminuyendo nota-
blemente segûn lâ localidad, desde 4 (Hungria, Ruma-
nia) a 1 (Israel) en el caso de los hibridos prec6ces
y semi-precôces. Se puede concluir que, mientras en
las regiones nôrdicas (Suecia, Polonia) el aceite delginasol es de tipo lindlico (75% âcido linôIico y
150/" âcido oléico), en las regiones sûdicas, câlidas y
secas (Israel) es de tipo intermedio (abit" âcido lin6-
lieo y 45o/o âcido oléico).


