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Abstract: Safflower seeds provide an oil rich in mono and polyunsaturated fatty acids. Its adaptation
to drought and high temperatures makes it an alternative for the development of oleaginous crops in
semi-arid areas. This study examines the oil content and the chemical composition of seed oil from
three safflower accessions (Gila, Halab, Touggourt) cultivated over three years (2015, 2016 and 2017)
in a semi-arid area in Tiaret (West of Algeria). Under these semi-arid conditions, characterized by
low rainfall and high temperatures, seed oil content remained relatively high and was composed
mainly of unsaturated fatty acids, with their ratio to saturated fatty acids reaching an average value
of 9. Seed oil content varies between 22.8% and 28.4% among the genotypes and throughout the
three years. The extracted oil consists essentially of unsaturated fatty acids, linoleic and oleic acids,
poly and monounsaturated, respectively. Their contents over the three years vary between 75%
and 79.3% for linoleic acid and between 10.2% and 14.7% for oleic acid. The saturated fatty acids
content of the oil reached a maximum value of 9%. They consist mainly of palmitic acid, of which the
average genotypic content varies between 6.6% and 7.15% depending on all grown years. The results
obtained may assist in better understanding the response of cultivars under rainfed conditions and
could be helpful for breeders with regards to introduction into selection programs.
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1. Introduction

Safflower (Carthamus tinctorius L.) is an asteracea, considered one of the oldest do-
mesticated crops [1]. It originates from the Asian Fertile Crescent [2,3]. It presents an
economic and medicinal interest for its seed oil and its flowers extract [4-6] and its place in
the concept of biorefinery is undeniable [5,7]. Benefits of using safflower oil in food, phar-
maceutical, and cosmetic applications have been demonstrated by several studies [8-11].
Its importance is mainly justified by its richness in unsaturated fatty acids, in particular
oleic and linoleic acids [12]. Furthermore, linoleic acid represents a major unsaturated fatty
acid in safflower oil, reaching a level of up to 88%. However, other cultivars of this species
show a high acid oleic content of up to 90.60% [13]. Oleic acid is characterized by a high
single point of unsaturation which represents an attractive characteristic for industry due
to the large range of potential chemical products. Oleic-rich safflower oil can be used in
the production of varnishes, alcohols, paints, lubricants, cosmetics, detergents, and bio-
based plastics [14]. Likewise, safflower oil is distinguished by its richness in polyphenols,
phytosterols, and tocopherols [12,15,16].

Safflower is known for its high adaptation to drought and high temperatures [12,15,17,18].
Therefore, its introduction in semi-arid regions would constitute an alternative in the
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development of oilseed crops. The effectiveness of this strategy necessarily requires studies
to evaluate the effects of this environment on the profitability of the crop and the quality
of the oil supplied. The results of work carried out under some of these conditions
show that drought, associated with high temperatures, during the filling of the safflower
grain reduces its oil content and modifies its composition [12,19-23]. The latter effect is
reflected in a reduction of unsaturated fatty acids, particularly linoleic acid [12,24-26] and
enrichment of the oil in polyphenols and phytosterols [12,15]. However, these studies
require further investigation and must focus on effects of interactions of safflower genetic
variability and climatic conditions on the oil biochemical traits. In the present study,
these effects were estimated in Tiaret, located in the semi-arid zones of Algeria. For this
purpose, three safflower accessions of different origins were grown for three years under
rainfed conditions and the oil content of the seeds and its biochemical characteristics were
estimated. An evaluation of the variations of these parameters according to the climatic
conditions during the years of culture was the concern of this work.

2. Materials and Methods
2.1. Plant Material and Experiments Conducting

Three safflower accessions from different geographic origins were used for this study
(Table 1). Experiments were carried out in clay-loam soil during three consecutive years
(2015, 2016, 2017) under rainfed conditions at the experimental farm of Ibn Khaldoun
University of Tiaret (35°20'01” N,1°18'48” E) at 300 Km in West of Algiers (Algeria). The
design adopted is made up of three blocks. In each block the genotype is randomly
arranged and occupies a microplot of 14 m?. The sowing was carried out in mid-April in
rows spaced 0.3 m apart, in 11 rows with 4 m of each row length. In order to avoid edge
effects, we used only the nine internal rows for measurements.

Table 1. Origins and main characteristics of the used safflower accessions.

Accession Origin Flower Colour Leaf Aspect Precocity of

Maturity
Touggourt Algeria YR Without thorns Late
Gila France W, Y,R With thorns Early
Halab Syria YR With thorns Early

Y: yellow; W: white; R: red.

The climatic data relating to the monthly average temperature in °C and the monthly
rainfall in mm were recorded by meteorological station.

2.2. Measurements Performed

The harvest was carried out at the beginning of September at the physiological matu-
rity of the seeds according to the BBCH scale [27]. Seeds were stored away from moisture
and light until the start of measurements.

2.2.1. Oil Extraction

The oil was extracted using a Soxhlet apparatus [15]. This operation consists in using
an organic solvent (cyclohexane) on a ground seed (20 g) for 6 h with a ratio of 1:10 (P:V).
The solvent containing the oil is removed using a rotary evaporator at a temperature of
45 °C. The extracted oil is recovered in flasks and stored in the dark at a temperature of
4 °C. The oil content is determined by:

W2 %100

Oil content (%) = Wi

where:

W1 is the initial weight of ground seed
W2 is the weight of extracted oil.
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2.2.2. Determination of Fatty Acid Composition (GC Analysis)

The method for analyzing the fatty acid composition is the same adopted by Roche et al. [28].
An aliquot of 20 mg of oil is solubilized in 1 mL of Terbutyl methyl ether (TBME). After
slight agitation, 100 pL are taken and transferred to a suitable insert for transesterification
by addition of 50 uL of Trimethylsulfonium hydroxide (TMSH). This transesterification
reaction takes place at the time of injection. The analyses were carried out with a gas chro-
matograph (Varian3900, Palo Alto, Milpitas, CA, USA). The temperature is programmed at
185 °C for 40 min, then raised to 250 °C with a frequency of 15 °C/min and maintained
there for 10.68 min. The temperature of the injector and detector is set at 250 °C. The
pressure of the helium gas is 200 kPa.

2.3. Statistical Analysis

Statistical analyses were performed using Statistica software (version 8.0, USA). An
analysis of variance and Fichier test were used to determine the effects of crop year,
genotype, and the effect of their interaction on the content and fatty acids composition
of the extracted oil. Means comparisons were performed using Newman-Keuls test at
p < 0.05 probability.

3. Results
3.1. Climatic Parameters of the Experimentation Period

The climatic parameters recorded during the three years of experimentation are
mentioned in Table 2. The rainfall and temperature recorded during the three seasons were
variable (Table 2). The first year (2015) was rainier than the other two. In addition, rainfall
during the seed filling phase (June-August) was higher in the second year with a total of
38.1 mm, while it was only 10.7 mm and 9.5 mm in 2016 and 2017, respectively. During this
period of the year, the average temperature reached 24.12 °C (2015), 23.84 °C (2016), and
25.25 °C (2017).

Table 2. Climatic data for the three years (2015, 2016, 2017) in Tiaret.

2014-2015 2015-2016 2016-2017
Month T°C Rainfall T°C Rainfall T°C Rainfall
Mean (mm) Mean (mm) Mean (mm)
September 22.88 75 21.39 18.7 21.37 4
October 18.07 14 17.14 83.9 18.52 8
November 12.22 50.1 10.29 26.2 9.63 53.8
December 6.27 94.8 8.48 0 6.55 30.1
January 6.2 50.7 8.52 39.6 3.98 201.8
February 491 121.2 8.64 62.7 9.03 9.8
March 8.7 7.7 8 88.3 10.05 4
April 15.3 0.0 12.8 24.6 13.0 6.8
May 19.2 12.7 16.4 26.7 19.8 26.0
June 21.1 7.4 21.7 6.5 25.2 0.4
July 27.0 0.0 26.7 0.2 26.8 1.0
August 27.0 12.0 25.6 0.0 27.7 4.8
Mean 15.7 - 15.5 - 16 -
Total - 445.6 - 377.4 - 350.5

3.2. Oil Content

The seeds oil content varies significantly depending on accessions (Table 3). The
mean values were 28.4, 25.1, and 23.1% for Halab, Gila and Touggourt genotypes in 2015,
respectively. For 2016, an increase in the oil content was recorded by Gila and Touggourt,
while, for Halab oil content decreased slightly (Table 4). In contrast, in 2017, a marked
decrease in oil content was registered in all genotypes (Table 4).
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Table 3. Effect of accession, year and their interaction on the oil content and fatty acid composition of safflower seeds during 2015, 2016 and 2017 cultivated in Tiaret.

Factor Df Cogiclant C18:2n6 C18:1n9 C18:0 C16:0 C18:1n7 C20:0 C22:0 UFA SFA UFA/SFA
Accession 2 5.87* 267 *** 497.5 *** 24.0 ** 17 *** 11.5 *** 41.44 7.00 *** 20 *x* 23 25 *#*
Year 2 3.35ns 1293 *** 2691.9 *** 220.9 *** 443 *** 38.4 *** 127.44 *** 679.15 *** 164 *** 88 *** 95 ***
Accession*Year 4 0.68 ns 641 *** 971 *** 145.6 *** 31 *** 38.1 *** 22.11 *** 7.92 % 36 *** 25 *** 27 ***

C18:2n6 (Linoleic acid); C18:1n9 (Oleic acid); C18:0 (Stearic acid); C16:0 (Palmitic acid); C18:1n7 (Vaccenic acid); C20:0 (Arachidic acid); C22:0 (Behenic acid); UFA (Unsaturated Fatty acid); SFA (Saturated Fatty
acid). * significant at p < 0.05; *** significant at p < 0.001; ns (not significant at p > 0.05).

Table 4. Oil content and its composition of saturated and polyunsaturated fatty acids in three safflower accessions during 2015, 2016 and 2017 in Tiaret.

Year 2015 2016 2017
Accession Halab Gila Touggourt Halab Gila Touggourt Halab Gila Touggourt
Oil Content (%) 28.4+0.17a 251 £3.02a 23.1+1.81a 27.8 £0.90 a 27.5+£0.26 a 264 +1.13a 26.9 +0.09b 23.9+0.12a 22.8 £0.60 a
C16:0 69+00a 7.0+0.02b 715+ 0.00 c 7.0+0.03a 70+0.01a 70+0.01a 6.7 £0.02a 6.6 £0.03b 6.7 £0.00 a
C18:0 22+£0.01c 21+0.02b 1.9+0.00a 1.9+0.02a 1.8+0.01b 1.9+001a 1.9+ 0.00a 1.9+0.00a 21+0.00b
Saturated Fatty C20:0 033+00la 032+00a  028+£00b  033+£00b  032+00a  031+£00a 036+00a  033+00b  036+00a
Acids (%) C22:0 022+0.0a 021+00a 023+00a 024+00a 025+0.0a 023+00a 0.44£00Db 038 £0.0a 041 £0.0a
Total SFA 958 £0.02a 9.63+0.01b 956 £0.0a 949 £0.03a 935+0.02b 943+00la 9.4+0.03b 92+0.03a 95+ 001c
Monounsaturated C18:1n9 1254+ 0.04c 120£0.02b 1024+0.02a 129£0.09c 123+0.03b 10.7+£0.07a 126+00la 143£0.00b 147+£0.01c
Fatty Acids (%) C18:1n7 078 £0.0a 0.8+£0.0Db 0.83+£0.0c 0.84£0.0c 0.81£0.0b 077 £0.0a 0.79+0.0c 0.77+0.0b 0.76 £0.0a
Polyounsaturated C18: 2n6 771 £0.06 a 77.5+0.02b 79.3 +0.01c 767 £0.1a 77.5+0.03b 79.1+£0.09c 772 £0.03c 75.7 £0.00 b 75.0+£0.02a
Fatty Acids (%)
Total UFA 90.38 £0.03a 9029 +0.01b 9036 £0.01a 90.42£0.03b 9058+0.02a 90.51+0.01la 90.59+0.03b 90.81+0.00c 90.47£0.01a
UFA /SFA 94+0.02a 9.4+001b 94+00a 9.5+ 0.03a 9.7 £0.02b 9.6 £0.01a 9.6 £0.03b 98 +0.04a 9.5+ 001c

C16:0 (Palmitic acid); C18:0 (Stearic acid); C18:1n9 (Oleic acid); C18:2n6 (Linoleic acid); C18:1n7 (Vaccenic acid); C20:0 (Arachidic acid); C22:0 (Behenic acid); SFA (Saturated Fatty Acids); UFA (Unsaturated Fatty

Acids). In the same column, for each year, means with the same letter were not significantly different using Newman-Keuls’ test at p >0.05 probability level.
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3.3. Fatty Acids Composition Determined with GC Analysis

During the three years of experimentation, the extracted oil from the tested genotypes
consists mainly of unsaturated fatty acids with an average content of 90.5%. In the same
situations, saturated fatty acids have a low rate of 9% (Table 4).

The fraction of unsaturated fatty acids consists of linoleic acid, oleic acid, and vaccenic
acid. For the three genotypes and during the three years of experimentation, polyunsatu-
rated linoleic acid represents the main constituent of this category of fatty acid (Table 4). Its
contents varied between 75 and 79.3% recorded by Touggourt genotype in 2017 and 2015,
respectively. It can be seen that the highest levels of this acid were recorded in 2015 (Table 4).

The oleic acid contents ranged between 10.2 and 14.7% registered by Touggourt
genotype in 2015 and 2017, respectively. Thus, the levels of this fatty acid increased over
the three years to reach their maximum during 2017 (Table 4).

The saturated fatty acid is represented mainly by palmitic and stearic acid with
respective average contents of 6.89% and 1.97%. Any variation in the levels of these
fatty acids was noted among the genotypes and according to the year of experimentation
(Table 3). Generally, the values of the palmitic acid and stearic acid were moderately lower
in the latest year (2017) compared to 2015 and 2016 (Table 4). Thus, the results showed that
the arachidic and behenic acid have mean values of 0.33 and 0.29%, respectively, over the
three years of experimentation. It has been demonstrated that the total of saturated fatty
acids revealed a low value in 2017 compared to 2015 and 2016 (Table 4).

4. Discussion

The importance given to safflower is mainly related to the oil produced from its
seeds [5]. The oil content reached the rate of 28% (Table 4) and ranged from 22.8% registered
for Touggourt in 2017 and 28.4% showed by Halab in 2015. The oil content variation has
been shown to vary largely according to the environmental parameters [29,30]. In these
studies, obtained values ranged between 15% and 40%. Consequently, our results showed
that the safflower seeds produce an appreciable oil content under semi-arid area conditions.

The nature of cultivars appears also to be determining for the oil content of this
species [31-35]. Some morphological traits of the tested genotypes present as indicators of
seed oil richness. In fact, our study has demonstrated that the genotypes with spiny leaves
(Halab, Gila) form seed richer in oil than Touggourt, a thornless genotype (Table 4). Similar
results were reported by Kizil et al. [36] and Ashrafi and Razmjoo [25].

In our study, the lowest value of oil content had been recorded in 2017 (Table 4). This
year was the warmest and the least rainy of the three years (Table 2). Indeed, during
2017, the beginning of the seed filling phase has coincided with low preciptation (0.4 mm)
and high temperature in June (Table 2). Among the environmental parameters, drought,
associated with high temperatures, reduced this content significantly at the end of the
development cycle [25,37-41]. They affect photosynthetic activity and the availability of
assimilates indispensable for reserves constitution during grain filling [42,43]. Also, the
decrease in seed oil content is caused by alteration of the metabolic pathways essential to
synthesis and accumulation of oil and by effectation of the enzymatic activities responsible
for this process [44,45]. Seghal et al. [46] have indicated that under drought conditions the
decrease in oil content is due to reduction in concentration of digestible carbohydrates and
unloading of sugars from stem to developing seeds.

Safflower is an oleaginous species of significant interest due to its fatty acid variability
content in the seed oil [47,48]. Our study indicates that extracted oil is very rich in unsatu-
rated fatty acids, where their rate has reached a maximum value of 90.59% (Halab) and
90.81% (Gila). These results are confirmed by those obtained by Benmoumen et al. [16],
Ergoniil and Ozbek [49], and Taha and Matthius [50]. Among these compounds, linoleic
acid (polyunsaturated fatty acid) has the most important fraction and reaches a level of
70%. In contrast, a low presence of saturated fatty acids, mainly palmitic acid, has been re-
ported [12,25]. These results divulge the high ratio of unsaturated fatty acids and saturated
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fatty acids in safflower oil which, according to Wood et al. [51], represents a determining
criterion for evaluation of the nutritional quality of food oils.

Plant quality trait improvement has become a global necessity due to global overpop-
ulation [52]. The study of plant metabolomics is important to improve crop yields and
quality, and ensure nutritional and health factors that provide the opportunity to produce
functional food [53].

The fatty acids composition is dependent on the nature of the cultivars and the
prevailing climatic conditions during their crop cycle (Table 3). Indeed, this dependence has
been previously proven by Uitterhaegen et al. [54], Roche et al. [12] and Nguyen et al. [55].

In 2017, the accessions recorded low values of linoleic acid. However, in the same year,
oleic acid values were higher than those registered in 2015 and 2016 (Table 4). According
to Flagella et al. [56], Kizil et al. [36] and Khoufi et al. [57], a drought accompanied by
a rise in temperature leads to an increase in oleic acid levels and a decrease in linoleic
acid. These abiotic stresses inhibit the function of the delta 12 desaturase enzyme which
is responsible for conversion of oleic acid into linoleic acid [58]. In addition, an increase
in temperature leads to a decrease in the activity of the microsomal oleate desaturase
FAD?2 in safflower and sunflower [59-61]. Allakhverdiev et al. [62] have realized that the
augmentation of the polyunsaturated fatty acid in membrane lipids is able to conserve
the plant’s photosynthetic system. Other research has confirmed that abiotic stress such
as saline stress leads to an increased proportion of unsaturated fatty acids [63]. In the
biotechnology field, the study of the effect of these factors on seed oil quality gives an
opportunity to develop tolerant safflowers genotypes having desirable fatty acid traits.

In this study, it has been demonstrated that for the saturated fatty acids palmitic
and stearic acid, their rate has been decreased under conditions of drought and high
temperature. Similar results have been confirmed by Ashrafi and Razmjoo [25]. These
authors have found that drought stress decreased saturated fatty acid content which
consequently reduced the oil content in the seeds of safflower. However, Gao et al. [64]
have noticed that the fatty acid composition differed when soybean plant was subjected to
drought stress, along with a decrease in palmitic and an increase of stearic acid. Generally,
Lacombe et al. [65] have indicated that the composition of saturated fatty acids changed
into unsaturated fatty acids under drought stress.

Drought is one of the most severe and unpredictable abiotic stresses, occurring at
any growth stage and affecting crop yields [66]. It presents a substantial challenge to
the sustainability of agriculture [67]. For this reason, studying the genetic diversity of
safflower could provide valuable information on germplasm maintenance and utilization
for breeders to improve breeding programs for semi-arid areas to ensure sustainable crop
production [68,69].

5. Conclusions

This study showed that safflower achenes grown in a semi-arid area of Algeria pro-
vided an oil content rich in unsaturated fatty acids. Among these components, linoleic
acid and oleic acid are the most present. These compounds may play an important role in
pharmaceutical and nutritional utilisation. The environmental conditions of this region,
i.e., low rainfall and high temperature, govern an interspecific variability in the expression
of these parameters. They modified the quality of the examined oil by increasing the level
of oleic acid and decreasing the level of linoleic acid. However, they decreased the seed oil
content of all studied genotypes.

The adaptation of safflower in such areas requires a large real investment in order
to take advantage of the economic and biochemical components provided by the oil
extracted from its seeds. Also, both halab and Gila accessions have the highest value of
polyunsaturated fatty acids and oil content. Consequently, the introduction of these two
genotypes in a breeding program could obtain a novel genotype having desirable traits,
notably in limiting climatic conditions.
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