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Abstract This study was carried out to investigate the
impact of harvest time (HT) and sowing time (ST) on the oil
content, fatty acid composition, physicochemical properties,
antiradical potential and oxidative stability of oils recovered from different safflower cultivars. In this work, three
safflower cultivars (cv. Yenice, cv. Dinçer and cv. Remzibey-05) were grown in spring and autumn and harvested
at three different times (2 weeks after flowering, 4 weeks
after flowering and at maturity). Examined parameters of
safflower seeds and oil samples from different cultivars
varied according to cultivar, ST and HT. Moisture content
was higher in the seeds from autumn sowing than spring
sowing. The highest oil content (25.8 %) was recorded for
Dinçer cultivar. The main four fatty acids (palmitic, stearic,
oleic and linoleic) accounted for about 99 % of total fatty
acids. The peroxide value PV (0.72 meqO2/kg) of oil from
autumn sowing was higher than the PV (0.46 meqO2/
kg) from spring sowing. Rancimat value of seed oil from
Remzibey-05 (6.38 h) cultivar was the highest followed by
Yenice (5.08 h) and Dinçer (5.41 h) cultivars. The radical
scavenging activity (76.8 %) of the oils from spring sowing
was higher than the radical scavenging activity (73.0 %) of
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the oils from autumn sowing. The findings showed that the
oxidative stability of oils from autumn sowing was stronger
than that of oils from spring sowing. In addition, delaying
HT has decreased oxidative stability of oils.
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Introduction
The genus Carthamus from the Compositae family comprises 16 recognized species wherein safflower (Carthamus
tinctorius L.) is the only cultivated species of this genus [1,
2]. Safflower is an annual herb that cultivated for its oil,
meal and flower [3, 4]. Safflower is commercially considered as an underutilized oilseed crop, whereas the annual
world production of safflower oil is low (around 140.000
tons) compared to 38 million tons of soybean oil [5, 6].
Safflower seeds of normal-hull types had an oil level
of 25–37 %; but in very thin hull types, this level was
increased to 46–47 % [7, 8]. The fatty acid profile of edible
oil determines its commercial uses. Safflower is a crop with
variable fatty acid profiles wherein standard safflower oil
contains up to 8 % palmitic acid, 3 % stearic acid, 20 %
oleic acid and 75 % linoleic acid. Sources of variation for
very high oleic acid content (>85 %) were also reported [9–
11]. Safflower oil is one of the richest sources of linoleic
acid among the commercially edible oils [12]. Safflower
oil from high linoleic cultivars has long been utilized for
industrial applications such as preparing varnish. Higholeic safflower oil is used as frying oil, while high-linoleic
oil is being used as valuable edible oil [7, 8, 12–15]. Genotype during oil formation exerts the main impact on the levels of oleic and linoleic acids [11].
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Sowing time (ST) and harvest time (HT) are considered
to have a great impacts on safflower oil properties and fatty
acid profile. Therefore, information on how HT and ST
affect fatty acid profile is quite important and optimizing
HT and ST is of major importance in different areas. The
ratio of oleic and linoleic acids in seed oils is dependent on
environmental conditions, especially moisture and temperature, during seed maturation [16]. Yau [17] stated that later
sowing of spring safflower in semiarid and high-elevation
Mediterranean environment resulted in lower seed yield as
later flowering does not allow to escape from the terminal
drought and heat.
Turkey has favorable agricultural conditions for
the cultivation of a variety of oilseeds. However, to
date, limited research was done on safflower in Turkey
because of its low acreage and lesser economic importance [8, 18]. Safflower has been grown for centuries
in the semiarid conditions of Anatolia [3]. Information
on ST and HT for safflower is limited in this region.
Therefore, the goal of this investigation was to study
the effects of harvest time (HT) and sowing time (ST)
on the oil content, fatty acid profile, physicochemical
properties, antiradical potential and oxidative stability of
oil recovered from different safflower cultivars grown in
Ankara (Turkey).

Materials and methods
The study was carried out at the experimental fields of Field
Crops Department at Agricultural Faculty of Ankara University (32°51′E; 39°57′N; 860 m above sea level) during
2008–2009. In the experimental area, total rainfall, mean
relative humidity and temperature in 2008 and 2009 were
recorded to be 267.7 and 433.2 mm, 57.04 and 59.65 %,
and 12.73 and 12.67 °C, respectively.
Three safflower cultivars were used including Yenice
(spineless, orange colored), Dinçer (spineless, red colored)
and Remzibey-05 (spiny, yellow colored). All cultivars
that developed at Anatolia Agricultural Research Institute
(Turkey) have become adapted well to dryland conditions
of Central Anatolia. These varieties were sown in 30-cm
row spacing and 3-m row length on December 5, 2008,
in autumn, and April 10, 2009, in spring. The experiment
was planned as four replications in completely randomized
design in split plots. Intra-row spacing was stabilized at
10 cm by thinning (May 8, 2009, for autumn sowing and
June 4, 2009, for spring sowing). Crop management practices such as irrigation and weed control were performed
as needed during the growing season. Harvest was made by
hand at three different times and with intervals of 2 weeks
[2 weeks after flowering (HT-1), 4 weeks after flowering (HT-2) and at maturity (HT-3)]. First harvest time in
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autumn and spring sowing was on August 11, 2009, and on
August 20, 2009, respectively.
Composition and characteristics of safflower seed oils
Moisture content (%) of grinded safflower seeds was determined by Precisa XM 60 moisture instrument at 105 °C.
The oils recovered from different cultivars were extracted
using hexane according to AOCS method Ba 3-38 [19].
Fatty acid methyl esters (FAME) were prepared according to the AOAC method [20] and analyzed by Shimadzu
(Kyoto, Japan) gas chromatography equipped with DB
23 capillary column (30 m × 0.25 mm, film thickness
0.25 μm) and FID (flame ionization detector). Helium at
a flow rate of 1.0 mL/min was used as a carrier gas. Injector and detector temperatures were 230 and 240 °C, respectively. Column temperature was kept at 190 °C for 30 min.
A sample of 1 μL was injected by the autosampler with a
split mode (split ratio of 1:80). The fatty acid identification was based on the comparison of their relative retention
times with the corresponding fatty acid methyl ester standards. Individual reference methyl ester standards (myristic
acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0), oleic
acid (C18:1), linoleic acid (C18:2), arachidic acid (C20:0), gadoleic acid (C20:1), behenic acid (C22:0) and lignoceric acid
(C24:0)) as well as FAME mix (37 components, FAME mix,
Sigma-Aldrich GmbH, Steinheim, Germany) were used for
identification.
Free fatty acid (as percent oleic acid) and peroxide value
(PV) were determined according to AOCS methods Ca
5a-40 and Cd 8-53 [19], respectively. Oxidative stability
of the oil samples was measured by Rancimat method at
110 °C using an automated Metrohm Rancimat apparatus
(Model 743, Herisau, Switzerland). Rancimat value was
determined according to AOCS Official Method Cd 12b-92
[19]. Refractive index (RI) was measured at 20 °C, using a
refractometer. The absorbance values were measured in UV
region at 232 and 270 nm. The results are expressed as the
specific absorbance values K232 and K270 as described by
AOCS [19].
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging capacity of safflower oil samples was determined according to the method of Kalantzakis et al.
[21]. The reaction was initiated by mixing 1 mL of the
oil, previously diluted with ethyl acetate (1:10 w/w),
with 4 mL of DPPH (10 −4 M). The reaction mixture
was then shaken vigorously for 10 s in a Vortex apparatus, and the tube was maintained in the dark for
30 min, after which a steady state was reached. The
absorbance of the mixture was measured at 515 nm
against a blank solution. The radical scavenging activity (RSA) toward [DPPH] was expressed as the %
reduction in DPPH concentration (% [DPPH] red) by
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the constituents of the oils: % [DPPH] red = 100 − (1
[DPPH] 30/[DPPH] 0), where [DPPH] 0 and [DPPH] 30
were the concentrations of DPPH in the control sample
(t = 0) and in the test mixture after the 30-min reaction, respectively.
Statistical analysis
All data were subjected to analysis of variance, and differences were compared with the Duncan’s multiple range test
(P < 0.05). For statistical analysis was used the program
TARIST [22].

Table 1  Effect of ST and HT
on seed moisture content, seed
oil content and fatty acid profile
of oils of different safflower
cultivars

Results
Moisture content of safflower seeds
Moisture content of safflower seeds was influenced by ST
and HT, wherein the difference of moisture content among
cultivars was statistically significant. Moisture content in
safflower seeds (Table 1) was higher in autumn sowing
(5.28 %) than in spring one (5.08 %). The highest moisture
content (6.21 %) was obtained from the HT-1 of cv. Yenice
sown in autumn (Table 2). For three cultivars, the first HT
had the highest moisture content among harvest times.

Varieties

Sowing time
Autumn

Moisture content (%)

Oil content (%)

C16:0

C18:0

C18:1

C18:2

Harvest time
Spring

HT-1

HT-2

Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average

5.48 a*
5.48 a
4.97 c
4.97 b
5.40 b
4.79 c
5.28 a
5.08 b
V × ST: 0.038
25.30
23.51 b
25.11
25.83 a
24.68
25.34 b
25.03
24.89
V × ST: 0.846
5.04 c
5.26 c
5.94 a
6.19 a
5.54 b
5.54 b
5.51 b
5.66 a
V × ST: 0.006
2.03 a
2.07 a
1.86 c
1.82 c
1.98 b
1.96 b
1.96 a
1.95 b
V × ST: 0.002
9.34 c
8.96 c
10.27 b
10.43 b
24.25 a
28.97 a
14.62 b
16.12 a
V × ST: 0.009
82.56 a
82.70 a
80.86 b
79.46 b
67.01 c
62.29 c
76.81 a
74.82 b

5.90 a
4.91
5.12 c
4.88
5.35 b
4.97
5.46 a
4.92 c
V × HT: 0.152
24.24 b
25.05 a
24.86 ab
23.19 b
25.73 a
24.24 ab
24.94 b
24.16 c
V × HT: 1.123
5.13 c
5.15 c
6.07 a
6.01 a
5.55 b
5.49 b
5.58 b
5.55 c
V × HT: 0.009
2.04 a
2.01 a
1.83 c
1.85 c
1.96 b
1.99 b
1.94 c
1.95 b
V × HT: 0.003
9.41 c
9.07 c
10.96 b
9.79 b
25.57 a
28.84 a
15.31 b
15.90 a
V × HT: 0.010
82.39 a
82.75 a
78.56 b
81.27 b
65.71 c
62.42 c
75.55
75.48

LSD(0.05)

V × ST: 1.411

V × HT: 1.458

HT-3
5.62 a
4.91 b
4.96 b
5.17 b
23.93 c
28.37 a
25.06 b
25.78 a
5.17 c
6.13 a
5.59 b
5.63 a
2.10 a
1.84 c
1.95 b
1.96 a
8.96 c
10.29 b
25.43 a
14.89 c
82.74 a
80.65 b
65.82 c
76.40

Values followed by the same letters within column are not significantly different
* Significant at p ≤ 0.05
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Table 2  Effect of HT on seed
moisture content, seed oil
content and fatty acid profile
of safflower oils from different
cultivars
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Varieties

Harvest time
Moisture content (%) Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Oil content (%)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
C16:0
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
C18:0
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
C18:1
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
C18:2
Dinçer
Remzibey-05
Average
LSD(0.05)

HT-1

HT-2

HT-3

Autumn Spring

Autumn Spring

Autumn Spring

6.21 a* 5.60 a 4.85
5.32 c
4.92 b 4.78
5.75 b
4.95 b 4.88
5.76
5.15
4.84
V × ST × HT: 0.215
24.86
23.62 b 24.62 a
24.30
25.42 a 21.72 b
24.47
26.99 a 24.88 a
24.54
25.34
23.74
V × ST × HT: 1.589
5.06 c
5.21 c 5.03 c
5.92 a
6.22 a 5.91 b
5.59 b
5.50 b 5.38 b
5.52
5.64
5.44
V × ST × HT: 0.012
2.07 a
2.02 a 1.99 a
1.83 c
1.83 c 1.91 c
1.96 b
1.96 b 1.99 b
1.95
1.94
1.97
V × ST × HT: 0.04
9.56 c
9.27 c 9.09 c
11.02 b 10.91 b 9.65 b
23.40 a 27.73 a 28.53 a
14.66
15.97
15.75
V × ST × HT: 0.015
82.29 a 82.49 a 82.87 a
80.15 b 76.98 b 81.44 a
67.85 c 63.57 c 62.84 b
76.76
74.35
75.72

Average

4.97
4.97
5.07
5.00

5.39 a
4.81 b
5.57 a
5.25

5.86 a
5.02 b
4.35 c
5.08

5.48
4.97
5.09

25.49 a
24.66 ab
23.60 b
24.58

26.43 b
29.32 a
24.69 c
26.81

21.43 c 24.41
27.41 a 25.47
25.43 b 25.01
24.75

5.27 c
6.10 a
5.60 b
5.66

5.04 c
5.99 a
5.64 b
5.56

5.29 c
6.26 a
5.53 b
5.69

5.15
6.07
5.54

2.03 a
1.79 c
2.00 b
1.94

2.03 a
1.84 c
1.98 b
1.95

2.17 a
1.84 c
1.91 b
1.97

2.05
1.84
1.97

9.05 c
9.93 b
29.15 a
16.04

9.37 c
10.13 b
20.83 a
13.44

8.55 c 9.15
10.46 b 10.35
30.03 a 26.61
16.35

82.64 a
81.10 a
61.99 b
75.24

82.52 a
80.98 a
70.33 b
77.94

82.97 a 82.63
80.31 b 80.16
61.30 c 64.65
74.86

V × ST × HT: 2.062

Values followed by the same letters within column are not significantly different
* Significant at p ≤ 0.05

Oil content
The differences among the oil contents of safflower cultivars were not statically significant for autumn and spring
sowing, respectively. The highest oil content (25.83 %)
was recorded for cv. Dinçer, followed by the other cultivars. Concerning the effect of HT, the highest oil content
(25.78 %) was recorded in HT-3 followed by HT-1. The oil
contents of safflower seeds from three different HT varied among cultivars, wherein the highest oil contents were
recorded for HT-2 (25.05 %), HT-3 (28.37 %) and HT-1
(25.73 %), for cv. Yenice, cv. Dinçer and cv. Remzibey-05,
respectively (Table 1). In V × ST × HT interaction, the
highest oil content (29.32 %) was obtained from HT-3 of
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cv. Dinçer sown in autumn. On the other hand, the lowest
oil content (21.43 %) was recorded in HT-3 of cv. Yenice
sown in spring (Table 2).
Fatty acid composition
The fatty acid compositions of safflower seed oil from the
different studied cultivars were various. Amounts of the
main four fatty acids (namely palmitic, stearic, oleic and
linoleic) constitute 98.61–99.47 % of the total FAME.
Miristic (C14:0), palmitic (C16:0), palmitoleic (C16:1), heptadecanoic (C17:0), heptadecenoic (C17:1), stearic (C18:0), oleic
(C18:1), linoleic (C18:2), linolenic (C18:3), arasidic (C20:0),
gadoleic (C20:1), behenic (C22:0) and lignoceric (C24:0) acids
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were determined in the investigated oil samples. The value
of C14:0, C16:1, C17:0, C18:3, C20:0, C20:1, C22:0 and C24:0 acids
was below 1 %. The highest value of C16:0 (6.07 %) was
recorded in cv. Dinçer among cultivars. It was observed
that spring sowing increased the content of C16:0 in the
seed oil. Different HT affected considerably the C16:0 contents of the seed oils from cultivars. C16:0 content was the
highest in HT-3 for the three cultivars. C16:0 contents of
the cultivars exhibited rising tendency from the first HT to
the last HT in both autumn and spring sowing (Table 1).
As for V × ST × HT interaction, the highest C16:0 content
(6.26 %) was obtained from the HT-3 of cv. Dinçer sown in
spring (Table 2). C18:0 contents in the examined oils were
higher in autumn sowing than that observed in spring sowing. The highest C18:0 content (2.07 %) was recorded in cv.
Yenice sown in autumn. It was observed that the cultivars
responded differently to harvest times. The highest C18:0
content in cv. Yenice and cv. Remzibey-05, and cv. Dinçer
obtained from HT-3 and HT-2, respectively. C18:0 content
increased in parallel with the delayed HT, except for HT-3
of autumn sowing, in both spring and autumn sowing times
(Table 1). As for V × ST × HT interaction, the highest C18:0
content (2.17 %) was reported in HT-3 of cv. Yenice sown
in spring (Table 2). The highest C18:1 content (26.61 %) was
recorded in cv. Remzibey-05 (oleic acid type) among three
cultivars (Table 2). C18:1 content of cultivars sown in spring
was 1.5 % higher than in the cultivars sown in autumn
(Table 1). Also, differences were observed in C18:1 content
of cultivars according to harvest times. When delaying the
HT, C18:1 content reduced in cv. Yenice. While the lowest
C18:1 content was obtained from HT-2 in cv. Dinçer, the
highest C18:1 content was obtained from HT-2 in cv. Remzibey-05. The lowest C18:1 content (13.44 %) was obtained
from HT-3 of autumn sowing. In V × ST × HT interaction,
the highest C18:1 content (30.03 %) was obtained from HT-3
of spring sowing of cv. Remzibey-05, while the lowest C18:1
content (8.55 %) was obtained from HT-2 of spring sowing of cv. Yenice (Table 2). Mean C18:2 contents (Table 2)
of cv. Yenice, cv. Dinçer and cv. Remzibey-05 were 82.63,
80.16 and 64.65 %, respectively (Yenice and Dinçer cultivars are linoleic acid type, while cv. Remzibey-05 is oleic
acid type). In investigating the effects of different harvest
times on C18:2 content, the highest C18:2 level was obtained
from HT-3. However, these differences among harvest
times were not statistically significant. When examining
the cultivars that harvested in different times, the highest C18:2 level (average 82 %) was reported in HT-2 and
HT-3 for cv. Yenice. The lowest values were observed in
HT-2 (62.42 %) and HT-1 (65.71 %) of cv. Remzibey-05
(Table 1). V × ST × HT interaction affected greatly C18:2
contents of the cultivars. The highest C18:2 level (82.97 %)
was obtained from HT-3 of cv. Yenice sown in spring. C18:2
level of this cultivar increased in parallel with delay of HT
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in cv. Yenice sown in spring. But, C18:2 level decreased with
delay of HT in cv. Remzibey-05 sown spring. In addition,
the lowest C18:2 level (61.30 %) was recorded in HT-3 of
this one (Table 2).
Free fatty acid (FFA) content
In our study, the highest FFA value (0.82 %) was recorded
in cv. Yenice sown in spring followed by autumn sowing of
the same cultivar (0.69 %). The lowest FFA values (0.52 and
0.57 %) were recorded in cv. Remzibey-05 and cv. Dinçer
sown in autumn, respectively. Yenice cultivar had the highest FFA content among examined cultivars. The FFA values
from HT-1, HT-2 and HT-3 were 0.57, 0.72 and 0.63 %,
respectively. It was observed that V × HT interaction
affected importantly the FFA content. The FFA contents of
the oil samples are higher in HT-2 according to other HTs
and the FFA values of oils from Yenice cv. are higher among
cultivars. The FFA values from their spring sowings of
three cultivars were higher than the FFA values from their
autumn sowings in the other harvest times, except for HT-1
(Table 3). Also, the FFA content in the oil from HT-3 of cv.
Yenice sown in spring was the highest (0.95 %), while the
lowest FFA value (0.45 %) was obtained from HT-3 of cv.
Remzibey-05 sown in autumn (Table 4).
Peroxide value (PV)
The PV (0.72 meqO2/kg) of safflower seed oil from
autumn sowing was higher than the one (0.46 meqO2/kg)
from spring sowing. As for V × ST interaction, the highest PV (0.83 meqO2/kg) was recorded in cv. Yenice sown
in autumn, followed by cv. Dinçer (0.70 meqO2/kg) sown
in autumn. The lower PV was reported in cv. Yenice and cv.
Dinçer sown in spring. When investigating the differences
among cultivars, the highest PV was obtained from cv. Yenice. The oils from the other cultivars had less PV than the
oil from cv. Yenice. Concerning the harvest times, the highest PV was found in the seed oil from HT-3. According to
V × HT, the highest PV was for the oil from HT-1 of cv.
Yenice and the lowest PV was for the oil from HT-1 of cv.
Dinçer (Table 3). In V × ST × HT interaction, the highest PV was obtained from seed oil of HT-1 from cv. Yenice
sown in autumn, followed by seed oils of HT-2 cv. Dinçer
and Remzibey-05 sown in autumn. The lowest PV was
recorded in HT-2 of cv. Yenice sown in spring, followed by
HT-1 of cv. Yenice and cv. Dinçer sown in spring (Table 4).
Rancimat value
The differences in the Rancimat values among cultivars
were studied (Table 4), wherein the Rancimat value of
seed oil from cv. Remzibey-05 (6.38 h) was higher than
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Table 3  Oil characteristics
and stability from different
safflower cultivars as affected
by ST and HT

Eur Food Res Technol (2016) 242:371–381
Varieties

Free fatty acid contents (%)

Peroxide value (meqO2/kg)

Rancimat value

Refractive index

K232

K270

DPPH assay (%)

Sowing time

Harvest time

Autumn

HT-1

Spring

HT-2

Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average

0.69 a*
0.82 a
0.57 b
0.65 b
0.52 c
0.61 c
0.59 b
0.69 a
V × ST: 0.023
0.83 a
0.44 b
0.70 b
0.45 b
0.64 c
0.50 a
0.72 a
0.46 b
V × ST: 0.031
4.97
5.19
5.28
5.55
6.23
6.60
5.49
5.68
V × ST: 0.424
1.4650 c
1.4705 a
1.4671 b 1.4674 b
1.4706 a
1.4667 c
1.4675 b 1.4682 a
V × ST: 0.0003
2.11 c
2.55 a
2.19 b
2.25 b
2.31 a
1.91 c
2.20 b
2.24 a
V × ST: 0.027
2.43 a
1.68 c
2.34 b
1.77 b
1.27 c
1.92 a
2.01 a
1.79 b
V × ST: 0.028

0.79 a
0.83 a
0.55 b
0.70 b
0.57 b
0.63 c
0.63 b
0.72 a
V × HT: 0.045
0.72 a
0.49 b
0.46 c
0.66 a
0.55 b
0.63 a
0.57 b
0.59 ab
V × HT: 0.039
5.21 c
4.87 c
5.49 b
5.39 b
6.35 a
6.52 a
5.64
5.54
V × HT: 0.147
1.4673 a
1.4694 a
1.4667 b 1.4657 c
1.4660 c
1.4690 b
1.4666 c
1.4680 b
V × HT: 0.0003
2.04 a
2.72 a
2.06 a
2.10 b
1.82 b
2.11 b
1.97 c
2.31 b
V × HT: 0.026
1.78 b
2.30 b
1.39 c
2.79 a
1.83 a
1.63 c
1.67 c
2.24 a
V × HT: 0.028

LSD(0.05)

V × ST: 0.755

V × HT: 0.813

70.30 b
70.25 b
78.47 a
73.01 b

77.72 a
74.69 b
78.03 a
76.82 a

76.59 a
74.15 b
73.79 b
74.84 b

71.59 b
68.13 c
79.71 a
73.14 c

HT-3
0.63 a
0.58 b
0.50 c
0.57 c
0.70 a
0.60 b
0.53 c
0.61 a
5.18 c
5.36 b
6.26 a
5.56
1.4667 c
1.4693 b
1.4709 a
1.4689 a
2.23 c
2.51 a
2.41 b
2.38 a
2.09 a
1.99 b
1.33 c
1.80 b
73.85 c
75.14 b
81.25 a
76.75 a

Values followed by the same letters within column are not significantly different
* Significant at p ≤ 0.05

the ones of the oils from cv. Yenice (5.08 h) and cv.
Dinçer (5.41 h). In V × HT interaction table, the highest value (6.52 h) was obtained from HT-2 of cv. Remzibey-05, and the lowest value (4.87 h) was obtained from
HT-2 of cv. Yenice (Table 3). Rancimat values obtained
from autumn and spring sowings were similar (average
5.60 h). The average value from harvest times was 5.59 h
(Table 4). The oil obtained from cv. Remzibey-05 was
found to be more oxidatively stable than the oils obtained
from the other two cultivars. The reason for that might
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be the high oleic acid level in the oil cv. Remzibey-05
cultivar.

Refractive index (RI)
In our study, the highest RI was recorded in the oil from
cv. Remzibey-05, followed by cv. Dinçer and cv. Yenice,
respectively. As for sowing times, the RI of the oils from
spring sowing was higher than the one of the oils from
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Table 4  Oil characteristics and stability from different safflower cultivars as affected by HT
Varieties

HT-1
Autumn

Harvest time
Free fatty acid contents (%)

Peroxide value (meq O2/kg)

Rancimat value

Refractive index

K232

K270

DPPH assay (%)

HT-2
Spring

HT-3

Average

Autumn

Spring

Autumn

Spring

Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer
Remzibey-05
Average
LSD(0.05)
Yenice
Dinçer

0.83 a*
0.76 a
0.59 b
0.50 b
0.58 b
0.55 b
0.67
0.60
V × ST × HT: 0.064
1.06 a
0.38 b
0.52 c
0.39 b
0.59 b
0.51 a
0.72
0.43
V × ST × HT: 0.055
4.97
5.44
5.36
5.62
6.16
6.63
5.50
5.89
----------------1.4659 b
1.4686 a
1.4651 c
1.4684 b
1.4660 a
1.4659 c
1.4657
1.4676
V × ST × HT: 0.0004
1.88 c
2.20 a
2.09 a
2.03 b
2.01 b
1.62 c
1.99
1.95
V × ST × HT: 0.037
1.97 a
1.60 b
1.53 b
1.25 c
1.53 b
2.13 a
1.67
1.66
V × ST × HT: 0.040

0.72 a
0.64 b
0.53 c
0.63

0.95 a
0.76 b
0.72 b
0.81

0.53 a
0.47 ab
0.45 b
0.48

0.74 a
0.69 a
0.56 b
0.66

0.75
0.61
0.56

0.69 b
0.82 a
0.82 a
0.77

0.30 c
0.50 a
0.44 b
0.41

0.75 a
0.76 a
0.52 b
0.68

0.65 a
0.45 c
0.54 b
0.54

0.64
0.57
0.57

4.84
5.22
6.41
5.49

4.90
5.57
6.70
5.60

5.12
5.26
6.13
5.50

5.24
5.45
6.47
5.63

5.08
5.41
6.38

1.4627 c
1.4654 b
1.4721 a
1.4667

1.4761 a
1.4660 b
1.4659 c
1.4693

1.4664 c
1.4707 b
1.4736 a
1.4702

1.4669 c
1.4679 b
1.4682 a
1.4677

1.4678
1.4672
1.4686

2.29 b
2.04 c
2.35 a
2.22

3.15 a
2.16 b
1.87 c
2.39

2.15 c
2.46 b
2.59 a
2.40

2.30 b
2.56 a
2.24 c
2.37

2.33
2.22
2.11

3.17 b
3.37 a
1.29 c
2.61

1.43 c
2.22 a
1.96 b
1.87

2.15 a
2.14 a
0.99 b
1.76

2.03 a
1.85 b
1.67 c
1.85

2.06
2.06
1.59

79.38 a
73.48 b

73.80 a
74.82 a

61.49 c
63.66 b

81.69 b
72.60 c

70.02 c
73.62 b

77.68 b
76.66 b

74.01
72.47

Remzibey-05
Average

78.95 a
77.27

68.64 b
72.42

73.90 a
66.35

85.52 a
79.94

82.57a
75.40

79.94 a
78.09

78.25

LSD(0.05)

V × ST × HT: 1.149

Values followed by the same letters within column are not significantly different
* Significant at p ≤ 0.05

autumn sowing. The differences among the cultivars were
statistically significant. The highest RI in the examined
oils was obtained from HT-3. Concerning V × HT interaction, the highest and lowest values were recorded in the
oils from HT-3 of cv. Remzibey-05 and 2.HT of cv. Dinçer, respectively. In ST × HT interaction table, the RI of
the oils from spring sowing was higher than the oils from
autumn sowing in the other harvest times, except for HT-3.

As for V × ST × HT interaction, the highest RI value was
recorded in the oil from HT-2 of cv. Yenice sown in spring
(Tables 3, 4).
Absorbance values
The highest and lowest values of K232 in cultivars sown in
autumn were obtained from the oils of cv. Remzibey-05
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and cv. Yenice, respectively. These values in cultivars sown
in spring were recorded for cv. Yenice and cv. Remzibey-05, respectively. K232 value of the oils from cv. Dinçer and cv. Remzibey-05 has increased in parallel with the
advancement of HT. However, this value for cv. Yenice was
recorded in HT-2. In HT × ST interaction, the highest and
lowest values were obtained from HT-3 of autumn sowing
and HT-1 of spring sowing, respectively (Table 3). According to V × ST × HT interaction, the highest K232 value was
recorded for HT-2 of cv. Yenice sown in spring, followed
by HT-3 of cv. Remzibey-05 sown in autumn and HT-2
of cv. Dinçer sown in spring. K270 value in the oils of safflower cultivars, in the autumn sowing, was higher than in
the spring sowing. The lowest value was recorded in the oil
from cv. Remzibey-05 among the three cultivars, wherein
K270 value of the others was the same. According to V × ST
interaction, the highest value was obtained from cv. Yenice sown in autumn, while the lowest value was obtained
from cv. Remzibey-05 sown in autumn. In investigating the
values as affected by HT, K270 values of cv. Yenice and cv.
Dinçer increased in HT-2 (to 2.30 from 1.78, to 2.79 from
1.39, respectively), but decreased in HT-3. Also, the value
of K270 decreased depending on delay in HT for cv. Remzibey-05. The values of K270 were 1.67 in HT-1, 2.61 in HT-2
and 1.76 for HT-3 in cultivars sown in autumn, and 1.66 in
HT-1, 1.87 in HT-2 and 1.85 for HT-3 in cultivars sown in
spring. According to data in Table 4, the highest (3.17) and
the lowest (0.99) K270 values were recorded in HT-2 of cv.
Yenice sown in autumn and HT-3 of cv. Remzibey-05 sown
in autumn, respectively.
Free radical scavenging activity
The sowing times affected the antiradical activities of safflower oils, wherein the antiradical potential (76.82 %)
of the oils from spring sowing was higher than the antiradical potential (73.01 %) of the oils from autumn sowing (Table 3). The antiradical activity of the oil from cv.
Remzibey-05 was the highest (78.25 %) among the cultivars (Table 4). Concerning the antiradical activities of the
oils in terms of V × ST interaction, the highest antiradical activity (78.47) was obtained from cv. Remzibey sown
in autumn, while the lowest antiradical potential (70.25 %)
was recorded in cv. Dinçer sown in autumn. In addition,
the highest antioxidant potential was recorded in HT-3
(Table 3).

Discussion
Turkey has favorable agricultural conditions for the production of a wide variety of oilseeds. Generally, moisture content decreases during safflower development [8]. Similarly,
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Rahamatalla et al. [23] stated that when the seeds were harvested at different stages of growth and development (10,
20, 30 and 40 days after flowering), moisture content significantly decreased with time. By delaying HT, moisture
content in safflower seed was reduced only in cv. Remzibey-05 (Table 2). Gecgel et al. [8] stated that ST and HT
are important factors effecting moisture levels of safflower
seeds. In our study, the first two harvests and the third harvest were made in August and September, respectively. In
September, the temperature was lower and the rainfall and
relative humidity were higher than that of August.
The oil contents of safflower cultivars are ranged from
25 to 35 % [11, 24–26]. The oil content of safflower seeds
is influenced by many factors such as genotype, ecology,
morphology, physiology and cultural applies (fertilization,
ST and HT) [10, 27]. Previous studies indicated that safflower oil content increased significantly in the 30th day
after flowering and reached a maximum value in maturity
[8, 28]. The oil contents from safflower cultivars (Yenice,
Dinçer and Remzibey-05) were in agreement with the literature values.
The suitability of a edible oil for a particular use is determined by its fatty acid profile which is variable depending on plant species [1]. Safflower seed oil exhibits highly
variability in terms of fatty acids composition. Also, it has
been reported that this variability is inherited [29–31].
Standard safflower oil contains 6–8 % C16:0, 2–3 % C18:0,
16–20 % C18:1 and 71–75 % C18:2 [31]. Safflower oil contains the unsaturated fatty acids such as linoleic acid and
oleic acid and the saturated fatty acids such as stearic acid
and palmitic acid. Oleic acid has good frying characteristics such as stability and a bland flavor [11], while linoleic acid reduces the cholesterol level in the blood [10].
Matthaus et al. [32] reported that fatty acid and tocopherol
contents differ significantly among the safflower cultivars.
Three types of tocopherols were detected in safflower oil in
various levels α-tocopherol, β-tocopherol and γ-tocopherol,
accounted for up to 70.93 mg/100 g, 2.16 mg/100 g and
0.45 mg/100 g oils, respectively.
Some studies conducted have shown that C18:0 and C16:0
contents in safflower oil can increase up to 11 and 10 %,
respectively [9, 33]. The sum of C16:0 and C18:0 was below
in safflower comprising high oleic and linoleic acids as
reported by Velasco and Fernández-Martínez [31]. C16:0,
C18:0, C18:1 and C18:2 contents of cv. Dinçer were recorded
as 7.03 % and 6.76, 2.49 and 2.50 %, 14.3 and 12.3 %, and
75.6 and 76.9 % by Yeilaghi et al. [12] and Aydeniz et al.
[34], respectively. Temperature during growing season has
great impact on the fatty acid composition of safflower oil
[35]. The oils from seeds grown under higher temperatures
had lower C18:2 and higher C18:1 [36]. In addition, the quality of safflower seed varies according to oil content, fatty
acid composition, genotype, location, climatic conditions
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and applied cultural practices [7, 37]. Levels of C16:0, C18:0,
C18:1 and C18:2 acids were affected by ST and HT. Also,
there was an inverse relationship between the development
of C18:1 and C18:2 acids [8]. Similar findings were recorded
in our study.
As the main physicochemical characteristics of the safflower oil, RI of 1.473–1.476, free acidity of 0.15–0.60 %,
saponification value of 186–194 mg KOH/g oil, iodine
value of 141–147 g/100 g oil, unsaponifiable matter of
0.3–0.6 %, PV of 0–1.0 meqO2/kg oil, moisture and volatile matter content of 0.03–0.1 % have been reported [34].
Rahamatalla et al. [28] stated that the FFA of safflower oils
ranged from 0.16 to 0.24 %, and this value in the oil from
cv. Dinçer was 0.47 % as recorded by Aydeniz et al. [34].
Generally, levels of FFA are 1–2 % in crude safflower oils
[38]. On the other hand, FFA content of oils is influenced
by several factors such as quality of seeds and oil processing technique. In this study, the FFA levels of the safflower
oils, recorded below 1 %, are in agreement with those findings (Tables 3, 4).
Peroxide number is a test applied to determine deterioration in oils upon oxidation [14]. The PV for the safflower
oil samples recorded to be 4.58 meqO2/kg by Ben Moumen
et al. [39], 4.00–4.30 meqO2/kg by Rahamatalla et al. [28],
2.27 meqO2/kg by Rafiquzzaman et al. [40], 6.44 meqO2/
kg by Hernández [41] and 3.81 meqO2/kg by Aydeniz et al.
[34]. The results of the present study are lower than these
findings. Ben Moumen et al. [39] stated that the extraction
method used to obtain the oil from safflower seeds affected
the PV of the oil. According to CODEX-STAN 210-1999,
maximum permissible level of PV for safflower oil is
10 meqO2/kg. The PV from safflower oil samples in our
study was lower than this level.
The oxidative stability of safflower oils was determined
with the Rancimat test. According to the results of Rancimat test, Vosoughkia et al. [42] stated that the stability of
the investigated safflower oils varied from 3.41 to 3.83 h.
In our study, 4.84 h was the minimum Rancimat value
recorded, while maximum value was 6.47 h. As known,
while the level of unsaturated fatty acids is increasing, oxidative stability of the oil is decreasing [43]. The oil recovered from cv. Yenice and cv. Dinçer cultivars has higher
linoleic acid content; therefore, the oxidative degradation
of these oils was faster than the oil recovered of cv. Remzibey-05 cultivar.
Refractive index value of standard safflower oil ranges
from 1.467 to 1.470 [44]. Rahamatalla et al. [28] reported
that the RI values of the oils from the seeds of four safflower cultivars collected at different times (10, 20, 30 and
40 days) after flowering varied from 1.467 to 1.472. The RI
values obtained from our study are in agreement with the
literature data [34, 45].
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K232 and K270 are parameters which measure the oxidation of the oils. Primary and secondary oxidation products
are absorbed at 232 and 270 nm, respectively [46]. In our
study, K232 value recorded 2.20 and 2.24 in autumn and
spring sowings, respectively (Table 2). The oilseed crops
are potential sources of antioxidants. There are several
methods for determination of antioxidant properties of
plant materials [47, 48]. The free radical scavenging capacity in the oil seed crops is determined using DPPH assay
in many studies [49, 50]. According to the results of the
present study, the oils from all safflower cultivars (especially cv. Remzibey-05) exhibited strong radical scavenging activity.
In conclusion, the examined parameters in seed and oil
samples of three safflower cultivars varied according to cultivar, sowing and harvest time. The findings showed that
oxidative stability of oils from autumn sowing was stronger
than that of oils from spring sowing. Also, delaying harvest
time has decreased oxidative stability of oils.
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aspir (Carthamus tinctorius L.) çeşit ve hatlarının yağ asitleri
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