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INTRODUCTION

Safflower is a minor, but important oilseed crop known for 
its variability in fatty acid composition controlled by specific 
dominant genes. Five types of  safflower oils have been 
developed; very high (~88%) and high (71-75%) linoleic; 
high (75-80%) and intermediate (41-53%) oleic; and high 
(13-15%) stearic (Rampure et al., 2015). High (80%) linoleic 
acid safflower is the common commercial and leading type 
of  safflower grown; therefore, its oil extraction, quality and 
characteristics have been investigated for use as cooking oil 
(Aydeniz et al., 2014; Bala et al., 2016; Moumen et al., 2015; 
Senkal et al., 2016). The intake of  high linoleic safflower 
oil based high fat/high-sucrose diet, normally considered 

to be highly obesogenic, reduced weight gain and adiposity 
in C57BL/6J mice (Danneskiold-Samsøe et al., 2017). 
This diet modulated gut microbiota and liver phospholipid 
profiles presumably due to minor safflower oil components 
(carotenoids and polyphenols) (Danneskiold-Samsøe et 
al., 2017). In this regard, a bioavailable high linoleic safflower 
oil emulsion has been developed as an easily absorbed dietary 
supplement to increase metabolism for healthy weight 
management (Maru, 2014). High linoleic acid (~ 78%) 
safflower oil (8 g oil/day for 16 weeks) reduced fat mass 
(6.3%) and increased total body lean mass (1.6%) in obese 
postmenopausal women with type 2 diabetes (Norris et al., 
2009). These dramatic physiological effects of  safflower oil 
were associated with improvements in glycemia, inflammation 

Six cold press oil extracted from high oleic and linoleic Mexican safflower varieties resistant/tolerant to Ramularia carthami were evaluated 
for their composition, physicochemical characteristics and antioxidant activity. High oleic varieties were rich in oleic (65-78%), linoleic 
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and blood lipids due to increased (44%) linoleic acid intake 
(Asp et al., 2011). However, high (80%) oleate type has 
received increased interest due to its oxidative stability and 
low-density lipoprotein (LDL) cholesterol reduction ability 
(Irving et al, 1988). The chemical composition and physical 
properties of  two commercial high oleic safflower oils have 
recently been reported (Salaberría et al., 2016). High oleic 
safflower oil is known for its nutritional benefits, its oleic acid 
component can improve antioxidant conditions and often 
used as reference oil for lipid studies and clinical trials. For 
example, high oleic safflower oil effectively reduced mild/
moderate HPV-induced laryngeal papillomatosis infections 
in children in a randomized, double blind preliminary 
study (Louw, 2012). High oleic safflower oil has also 
been incorporated in infant formula and marketed as an 
anticholesterol agent; it can lower low-density lipoproteins 
and potentially reduce arteriosclerosis (Smith, 1996).

World production of  safflower was around 690,846 
tones in 2017 with Mexico as the third world producer 
(70387 ton) (FAOSTAT, 2019). Safflower is a major 
alternative oilseed crop in Northwestern Mexico. An 
aggressive safflower breeding program begun in the early 
1990’s in Sonora, Mexico including both linoleic and oleic 
varieties, although the focus shifted primarily to oleic types 
by the late 1990s (Weisker and Musa, 2013). The fungal 
leaf  disease Ramularia leaf  spot (RLS) caused by Ramularia 
carthami that damaged the safflower crop was identified 
in 2000 by pathologists at CIRNO-INIFAP, a Mexican 
government research organization. RLS can be effectively 
controlled by chemical fungicides, but the treatments are 
costly thereby inducing the development of  RLS resistant 
Mexican safflower variety such as S-334 (also known as 
ATCC accession No. PTA-10161) (Weisker and Musa, 
2013). CIANO-LIN, RC-1002, RC-1005 and RC-1033 are 
the first linoleic commercial varieties and CIANO-OL the 
first oleic variety developed and released in Mexico tolerant 
to Ramularia carthami (Montoya-Coronado, 2008).

Two types of  oils (high oleic and high linoleic acids) from 
safflower recently developed by the CIRNO-CENEB-
INIFAP were examined in an effort to increase their 
use for food and/or other industries. For this purpose, 
the objective of  this work is to describe the chemical 
composition, including fatty acid profile, α-tocopherol, 
phenolic content, quality and oxidative stability parameters 
and antioxidant activity of  cold pressed safflower oils from 
Mexico.

MATERIALS AND METHODS

Materials
Safflower (Carthamus tinctorius L.) seeds were provided by 
INIFAP-CIRNO-CENEB in Valle del Yaqui, Sonora. The 

crop fertilization was pre-planting by addition of  150 units 
of  nitrogen and 50 units of  phosphorous per hectare. Two 
relief  irrigations distributed during the spring summer 
2015 cycle were administered. The seed management prior 
to sowing and postharvest was 17 °C. Once they were taken 
to the laboratory, the seeds were stored at 4 °C until oil 
extraction. High oleic materials were S-334, Ciano-OL and 
Chey-OL; and the high linoleic were RC-1002, Ciano-Lin 
and RC-1033. S-334, Ciano-Lin, RC-1002, RC-1033 and 
Ciano-OL are new safflower varieties with high tolerance 
to Ramularia carthami than the conventional commercial 
varieties CW-88OL and CW-99OL (Montoya-Coronado, 
2008; Weisker and Musa 2013).

Oil extraction
The seed oil was obtained from 500 g of  each safflower 
material by cold press (~ 3000 kg/cm2) using a Truper 
hydraulic jack (TRUPER S.A. de C.V., Mexico) at room 
temperature. Oils were stored in 100 mL amber bottles, 
oxygen purged with nitrogen, and stored at 4 °C until analysis.

Analytical methods
The fatty acid composition of  the seed oils was analyzed 
by simultaneous extraction and methylation according to 
previously described method (Bannon et al., 1982), followed 
by gas chromatography–mass spectrometry (GC-MS). The 
GC-MS/MS System SCION TQ (Bruker Corporation, 
Billerica, Massachusetts, USA) was equipped with an 
autosampler (CP-8400), coupled to an electrochemical 
ionizer and a quadrupole detector. Helium was used as the 
carrier gas (1 mL/min, flow constant). The methyl fatty acids 
were identified with a standard mixture of  fatty acid methyl 
esters (Supelco 37 Component FAME mix, Sigma Aldrich, 
Inc., USA) and internal standardization (10 mg/mL, methyl 
heptadecanoate C17:0) was used for the quantification, and 
results are expressed as relative percentage of  the sum of  
all identified methyl esters. Methyl esters of  fatty acids were 
separated on a (5%-Phenyl)-methylpolysiloxane (HP-5, 30 m 
x 0.53 mm, Agilent Technologies, Waldbronn, Germany) 
column with the film thickness of  0.88 µm. Sample (1 µL) 
was carried by splitless injection and analyzed in Full Scan, 
SIM program. The injector and oven temperatures were set 
at 250 °C and 210 °C, respectively. The temperature of  the 
column was set at 50 ºC for 1 min, and increased to 230 ºC, 
at 5 ºC/min, and held constant for 8 min.

The oxidizability (Cox) value of  the oils was calculated by 
the percentage of  C18 fatty acids applying earlier proposed 
formula (Fatemi and Hammond, 1980):

Cox = (1[C18:1%] + 10.3 [C18:2%] + 21.6 [C18:3%])/100

The atherogenic index (AI) and thrombogenic index (TI) 
were computed according to Ulbricht and Southgate 
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(1991) as a ratio between some saturated and unsaturated 
fatty acids:

AI = (C12:0 +4×C14:0 +C16:0/[∑MUFA+∑(n−6)+∑(n−3)])

TI = (C14:0 +C16:0 +C18:0)/[0.5×∑MUFA+0.5× 
∑(n−6)+3×∑(n−3)+∑(n−3)/∑(n−6)])

Oil moisture was determined following the IUPAC 
(1987) standard method. Official Methods (American Oil 
Chemists’ Society, AOCS 2008) were used to determine 
acid, peroxide (PV) and p-anisidine (p-AV) values of  oils 
(methods Cd 3d–63, Cd 8-53 and Cd 18-90, respectively). 
Total oxidation index (Totox) was calculated based on the 
PV and p-AV values of  oils where Totox = 2 X PV+ p-AV. 
CIELAB color coordinate (L*, a*, and b*) of  oils were 
measured with a Minolta colorimeter (CR-400, Konica 
Minolta Sensing Inc., Japan), using a white plate (L*=94.81, 
a*=0.00, b*=2.31 and DE*= 43.55) as reference for color 
difference (DE). Absorbance was recorded at 232 and 
270 nm (UV–visible Multiskan™ GO spectrophotometer, 
Thermo Fisher Scientific Inc., MA, USA) using hexane 
as blank for the measurement of  conjugated dienes and 
trienes. Oil was diluted with hexane (10% v/v).

The polar compounds were extracted from oils with 
absolute methanol (1:2.5 v/v) as described previously 
(Lavelli, 2002) and the total phenolic content was 
determined spectrophotometrically (Nurmi et al., 1996) 
using the Folin–Ciocalteau reagent (Sigma Chemical Co., 
St. Louis, MO, USA). The blue complex formed after 
the addition of  Na2CO3 (40 µL, 7.5%) to the mixture of  
Folin-Ciocalteu reagent (10 µL, 1 N) and the oil extract 
(10 µL) was measured at 760 nm (UV–visible Multiskan™ 
GO spectrophotometer, Thermo Fisher Scientific Inc., 
MA, USA) after incubation (15 min, 45 °C). Gallic acid 
(20- 200 µg/mL) was used as standard.

The α-tocopherol was extracted according to previous 
report (Cerretani et al., 2009) and the content was 
measured using high-performance liquid chromatography 
with a diode array detector (HPLC-DAD) (DIONEX 
Ultimate 3000, Thermo Fisher Scientific Inc., MA, USA). 
A Discovery (HS-C18, 3 µm, 15 cm x 2.1 mm, Sigma-
Aldrich Inc., Steinheim, Germany) column was used with 
formic acid 0.015%, acetonitrile and methanol as mobile 
phase at 0.25 mL/min flow rate and 10 µL injection 
volume. An ultraviolet DAD detector was used to identify 
α-tocopherol at 292 nm. The α-tocopherol was quantified 
by standardization with dl-α-tocopherol (0.05–1 mg/mL).

The DPPH assay was performed as previously reported 
(Fukumoto and Mazza, 2000), with some modifications 
(Cardador-Martinez et al., 2006). A solution (0.24 μM) of  

the radical DPPH (2,2-diphenyl-1-picrylhydrazyl radical) was 
added to 20 μL of  sample. The kinetic was monitored every 
10 min for 90 min at 515 nm (UV–visible Multiskan™ GO 
spectrophotometer, Thermo Fisher Scientific Inc., MA, USA). 
Trolox (50-500 µM) was used as standard for the calibration 
curve. The ORAC assay was performed as described 
previously (Oomah et al., 2008) based on the established 
procedure (Prior et al., 2003). A Multimode detector (DTX 
880, Beckman Coulter, Perkin Elmer Inc., MA, USA) was 
used with excitation and emission wavelengths at 485 and 
530 nm, respectively. Methanol extracts of  the oils and Trolox 
standards were diluted (1:5 v/v) with 75 mM phosphate buffer 
(pH 7.4) prior to transfer to a 96-well microplate (Costar 
Black assay plate 3615, MA, USA). A peroxyl radical was 
generated by 2,2'-azobis (2-methyl-propionamide) dichloride 
(AAPH; Sigma Aldrich Inc., USA) during measurement, and 
fluorescein was used as the substrate. The measurements were 
taken every 2 min for 150 min upon AAPH addition.

Statistical analysis
All determinations were conducted in three independent 
experiments. The data were analyzed by one-way analysis 
of  variance (ANOVA) followed by Tukey’s range test using 
Statgraphics Centurion XV software (Manugistics Inc., 
USA). Values with p < 0.05 were considered significantly 
different among the samples.

RESULTS AND DISCUSSION

Oil yield was generally higher for high linoleic than high 
oleic safflower varieties, except for RC-1033 with the lowest 
yield (10.5%, probably due to poor filled seed). The average 
oil yields for linoleic and oleic varieties (20.49 ± 0.16 and 
17.65 ± 0.44%, respectively) were within values reported 
earlier for a registered high linoleic Turkish safflower variety 
Dinçer harvested in 2011 (Aydeniz et al, 2014).

Our previous preliminary analysis of  Ciano-OL, S-334 
and RC-1033 safflower harvested in 2013 showed a drastic 
reduction (~ 50%) in cold pressed oil yield compared to 
Soxhlet solvent extraction (34.9 ± 2.1, 37.3 ± 0.71 and 
37.5 ± 2.8%, respectively). This is in accordance with the 
reduction (~ 40%) reported for Dinçer that contained 
27.8% oil determined by Soxhlet extraction (Aydeniz 
et al., 2014). Oil content (Soxhlet hexane extraction) of  
Ciano-Lin, RC-1002 and RC-1033 grown in Sonora was 
41.5, 40.5 and 40.8% (Montoya-Coronado, 2008), about 
3% higher than those genotypes grown in India (Kadirvel 
et al., 2016). Ciano-OL, the only high oleic safflower variety 
medium tolerant to Ramularia carthami was reported to 
have the lowest oil content (37.4%) (Montoya-Coronado, 
2008). Oil content depends on hull types, environmental 
factors (location) and may vary from 20-47% (Ahmadzadeh 
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et al., 2014). The high oleic safflower seed oil content 
ranged between 42 and 46% obtained using conventional 
extraction and refining methods (Salaberría et al., 2016).

Major fatty acids were 65-78% oleic, 9-15% linoleic, 2-5% 
palmitic and stearic 3-5% for the high oleic varieties, whereas 
high linoleic oils contained 76-79% linoleic, 6-9% oleic, 
palmitic 6-10% and 3-5% stearic acids (Table 1). The high 
oleic variety Chey-OL displayed intermediate palmitic (5.7%) 
and oleic (65.8%), and low linoleic (9.4%) and stearic (3.0%) 
acids. S-334, Ciano-OL, and RC-1002 oils had medium 
(~5%) stearic acid content. Total linoleate + oleate did not 
change appreciably except for S-334 (91.5%) and Chey-OL 
(75%) indicating a shift in their fatty acid. This shift resulted 
in the lowest and highest saturated fatty acid content of  
S-334 and Chey-OL oil, respectively, compared to other 
varieties. Higher palmitic and oleic acids and lower stearic 
and linoleic acids have been reported for oils from Ciano-OL, 
Ciano-Lin, RC-1002 and RC-1033 grown in India (Kadirvel 
et al., 2016). Thus, the linoleic/oleic ratio of  oils from these 
varieties (Ciano-OL, RC-1002, RC-1033 and Ciano-Lin) was 
higher (0.53, 2.43, 1.23 and 1.81x, respectively) than those 

reported recently (Kadirvel et al., 2016). The oleic acid 
content of  Ciano-Lin oil was lower (~ 24%) than previous 
report (Borbón-Gracia et al., 2011). Oils from high oleic 
varieties were on average more resistant (5.3×) to oxidation 
relative to those from high linoleate varieties based on the 
calculated oxidizability (Cox) value. Oxidative stability (Cox) 
was highly inversely correlated (Y = -0.2022 MUFA + 18.619; 
r2 = -0.989) with monounsaturated fatty acid levels. The Cox 
values of  high oleic safflower oils were similar to those of  
canola and olive oil (Farahmandfar et al., 2015; Farhoosh 
et al., 2009). The polyunsaturated/saturated ratio of  high 
linoleic oils was considerably (~ 5×) higher than those of  
high oleic oils. Atherogenic and thrombogenic indices were 
similar to those reported for sunflower and olive oils (0.07 
and 0.14 for atherogenic; and 0.28 and 0.32 for thrombogenic 
index, respectively) (Ulbricht and Southgate, 1991). All 
safflower oils displayed low atherogenic and thrombogenic 
indices (Table 1) and may therefore be potentially favorable 
for reduction of  serum cholesterol and atherosclerosis and 
heart disease prevention (Rudel et al., 1995). Consumption 
of  these oils should be encouraged in the context of  their 
low atherogenic and thrombogenic indices.

Table 1: Fatty acid contents, atherogenic and thrombogenic indices of high oleic and linoleic safflower oilsa 
Fatty acidb CAS High oleic High linoleic

S-334 Ciano-OL Chey-OL RC-1002 Ciano-Lin RC-1033
Saturated fatty acid (SFA)
Myristic acid C14 124-10-7 0.343 1.779 2.212 0.837 0.179 0.269
Pentadecanoic acid C15 7132-64-1 0.044 0.271 2.178 0.428 0.024 0.038
Palmitic acid C16 112-39-0 2.379 3.002 5.741 6.289 8.005 10.098
Stearic acid C18 112-61-8 5.492 5.160 3.007 5.893 3.788 3.514
Arachidic acid C20 1120-28-1 nd 0.171 3.449 0.400 nd 0.005
Others1 nd nd 0.756 nd nd nd
Monounsaturated fatty acid (MUFA)
Myristoleic acid C14:1 56219-06-8 0.011 0.012 0.062 0.053 0.016 0.014
Palmitoleic acid C16:1 1120-25-8 0.100 0.384 2.175 0.585 0.025 0.058
Oleic acid C18:1 112-62-9 76.246 78.461 65.809 6.792 8.679 9.677
Others2 0.026 0.217 2.998 0.190 0.003 0.008
Polyunsaturated fatty acid (PUFA)
Linolenic acid C18:2 Ω3 301-00-8 0.022 0.070 1.073 0.302 0.023 0.023
Linoleic acid C18:2 Ω6 2566-97-4 15.312 10.394 9.456 77.951 79.234 76.252
Others3 0.001 0.001 0.035 0.082 0.002 0.012
Oleic+linoleic 91.56 88.86 75.26 84.74 87.91 85.92
Linoleic/oleic 0.20 0.13 0.14 11.48 9.13 7.88
ΣSFA 8.26 10.38 17.34 13.85 12.00 13.92
ΣMUFA 76.38 79.07 71.04 7.62 8.72 9.76
ΣPUFA 15.34 10.47 10.56 78.33 79.26 76.29
PUFA/SFA 1.86 1.0 0.61 5.7 6.6 5.5
MUFA/PUFA 4.98 7.55 6.73 0.1 0.11 0.13
Oxidizability value (Cox) 2.34 1.86 1.74 8.13 8.25 7.95
Atherogenic index (AI) 0.04 0.11 0.18 0.11 0.10 0.13
Thrombogenic index (TI) 0.18 0.22 0.25 0.30 0.27 0.32
aExpressed as mg/kg oil, SFA, saturated; MUFA, monounsaturated; PUFA polyunsaturated; PUFA/SFA, polyunsaturated/saturated ratio, fatty acids, 
respectively. Cox, oxidizability value, AI, atherogenic index; TI, thrombogenic index; nd, no detected below 0.001, 1mix of SFA: Heneicosanic acid (C21, 
CAS 6064-90-0); Behenic acid (C22, CAS 929-77-1); Tricosanoic acidC23, CAS 2433-97-8; Lignoceric acid (C24, CAS 2442-49-1), 2mix of MUFA: 
cis-10-Heptadecenoic acid (C17:1 CAS 75190-82-8); cis-11-Eicosenoic acid (C20:1 CAS 2390-09-2; erucic acid (C22:1, CAS 1120-34-9); Nervonic Acid (C24:1, 
CAS 2733-88-2), 3mix of PUFA: Eicosatrienoic acid (C20:3 Ω3, CAS 55682-88-7); 5,8,11,14,17-Eicosapentaenoic acid (C20:5 Ω3, CAS 2734-47-6).
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Moisture content varied significantly with oils from 
Ciano-OL and Ciano-Lin displaying the highest value, one 
order of  magnitude than from other safflower varieties 
(Table 2). Furthermore, moisture content of  oil from 
these two varieties exceeded the limit (≤ 0.2%) for cold 
pressed and virgin oils according to the Codex Alimentarius 
Commission standard (1999). The values obtained for the 
other varieties (0.02-0.06%) were lower than those reported 
for fresh sunflower oils (0.1%) (Sadoudi et al., 2014). The 
lowest moisture content of  RC-1002 oil was twice the 
value for safflower oil (87 ± 5.2 ppm), and almost one-fifth 
of  extra olive oil (850 ± 12.3 ppm) determined by FTIR 
(Al-Alawi et al., 2006).

High linoleate safflower oils had significantly (p < 0.05) 
higher b* and ∆E and lower a* values than high oleate 
varieties indicating a marked trend toward green and 
yellow, probably due to higher pigment (carotenoid and 
chlorophyll) content. The lightness (L* ~ 31) did not differ 
significantly among oils and was similar to those of  cold 
pressed Turkish safflower variety Dinçer (34.05), but with 
different a* and b* values (1.33 and 30.08, respectively) 
(Aydeniz et al., 2014). The negative a* (-1.7 to -2.2) 
within the range of  virgin olive oils (-0.6 to -3.8) (Moyano 
et al., 2008) and low b* (5.9-8.4) values indicate bright 
yellow-green color of  the oils. Hexane extracted oil from 
high oleic cultivars CW88-OL and CW99-OL (Salaberría 
et al., 2016) also displayed negative a* values (-3.7 and -3.1, 
respectively), although their L* (~ 89) and b* (~ 47) values 
were higher than those observed in our study.

High oleate safflower oils displayed significantly (p < 0.05) 
lower absorbance values measured in the UV region (232 
and 270 nm) than those from high linoleate varieties 
(Table 2). K232 and K270 indicators of  primary and 
secondary oxidation products, respectively of  high linoleate 

oils were 9 and 3 folds those from high oleate varieties. 
Our K232 and K270 values of  high linoleate oils were 
higher and lower, respectively than those reported for 
hexane extracted oils from high linoleate Turkish safflower 
varieties (Senkal et al., 2016). High absorptivity at 230 nm 
of  high linoleate oils may be due to high diene conjugation 
confirmed by their high diene value (~ 10 folds the values 
for high oleate oils). The greater amount of  linoleic acid 
and the higher amount of  unsaturated fatty acids in the 
high linoleate oils exert potential rise in conjugated diene 
formation. Conjugated diene and triene values of  high 
linoleate oils paralleled the same trends observed with 
absorptivity at 230 and 270 nm; (i.e. ~ 10 and 2.7 times, 
respectively the values of  high oleate oils). Diene values 
of  high linoleate oils were similar to those of  commercial 
safflower oil (Oomah et al., 2000) and commercial cold 
pressed safflower oil (Prescha et al., 2014), whereas triene 
values were minimal (2.5%). The low conjugated triene 
values suggest absence or very low levels of  linolenate 
oxidation, particularly for the high oleate safflower oils.

The lipid hydroxide content defined by the peroxide value 
was significantly higher in high linoleate (~ 4 folds) than 
in high oleate oils (Table 2). Peroxide value did not differ 
significantly among high oleate oils and was within the 
range reported for cold pressed safflower oils (Aydeniz 
et al., 2014; Prescha et al., 2014) or commercial safflower 
oils (Ahmadzadeh et al., 2014; Oomah et al., 2000). The 
peroxide values of  high linoleate oils were similar to those 
reported for hexane extracted oils from two high linoleate 
safflower varieties (Cartafri and Sharda) grown in Morocco 
(Moumen et al., 2015). The peroxide values of  all safflower 
oils were lower than the maximum limit (20 meq O2/kg) 
established for extra virgin olive oils, whereas those of  high 
oleate oils were below the limit of  international standards 
(10 meq O2/kg) for safflower oil.

Table 2: Physicochemical and oxidatative characteristics of high oleic and linoleic safflower oilsa

Characteristic High oleic High linoleic Mean
S-334 Ciano-OL Chey-OL RC-1002 Ciano-Lin RC-1033 Oleic Linoleic

Moisture (g/100 g) 0.038c 0.313a 0.060b 0.017d 0.327a 0.053bc 0.14x 0.13x
L* 30.89 30.91 30.95 30.80 30.86 30.84 30.92x 30.83x
a* -1.98d -1.70b -1.67a -1.93c -1.98d -2.18e -1.78x -2.03y
b* 6.94d 5.91e 5.91e 7.35b 7.16c 8.41a 6.25y 7.64x
∆ E 58.40c 58.12d 58.08d 58.61b 58.49c 58.94a 58.20y 58.68x
K232 0.065d 0.053d 0.061d 0.47c 0.71a 0.16b 0.06y 0.58x
K268 0.005d 0.001d 0.015c 0.022bc 0.039a 0.024b 0.006y 0.028x
K278 0.006d 0.003d 0.014c 0.022bc 0.038a 0.024b 0.007y 0.028x
Diene value 0.051d 0.038d 0.054d 0.401c 0.628a 0.482b 0.048y 0.504x
Triene*1000 1.62c 1.15c 0.92c 2.80b 4.33a 2.75b 1.23y 3.29x
Acid valueb 0.52b 0.52b 0.41b 0.41b 0.75a 0.45b 0.48x 0.53x
Peroxide valuec 3.87c 3.98c 3.92c 17.24a 16.36a 13.20b 3.92y 15.60x
p-Anisidine valuec 0.72c 0.73c 0.56c 1.84a 0.53c 1.22b 0.67y 1.20x
TOTOX 8.46d 8.69d 8.34d 36.33a 33.24b 27.61c 8.51y 32.39x
aMeans in a row with different letters are significantly different (p<0.05), bAcid values are expressed in mg KOH/g oil, cPeroxide and p-anisidine values are 
expressed in mmol H2O2/kg oil.
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Only oils from RC-1002 and RC-1033 had significantly 
higher p-anisidine values (≥ 2x) reflecting the content of  
secondary lipid oxidation products than oils from other 
varieties. The p-anisidine values of  our oils were lower than 
those reported for commercial safflower and industrially 
cold press safflower oils (Oomah et al., 2000; Prescha et al., 
2014). Totox value of  high linoleate oils was significantly 
higher (~ 4x) than high oleate oils, similar to those 
observed with primary oxidation (PV), suggesting minimal 
or negligible effects of  secondary oxidation on the total 
overall oil oxidation status. The high totox of  high linoleate 
oils confirms their greater susceptibility to oxidation 
according to their oxidizability index (Table 1). High 
oleate oils displayed totox values lower than commercial 
safflower oil (12.4) (Oomah et al., 2000) and similar (~ 7) 
to some vegetable oils (Shukla and Perkins, 1998). Acid 
value (AV) was not significantly different among safflower 
oils except for Ciano-Lin (with the highest value). The 
AV were within the range for commercial safflower oil 
(Ahmadzadeh et al., 2014), but higher than those reported 
for cold pressed commercial safflower oils (Prescha et al., 
2014) and within the limit (≤ 4 mg KOH/g oil) according 
to the Codex Alimentarius standard (1999) for cold pressed 
and virgin oils.

Total phenolic content of  high linoleate oils was 
significantly higher (~ 60%) than those from high oleate 
safflower varieties. Oils from RC-1033 and Ciano-Lin 
displayed the highest and lowest total phenolic acid 
contents, respectively (Table 3). Phenolic content of  our 
oils was higher (~7-11 fold) than those of  cold pressed 
Turkish safflower oil (Aydeniz et al., 2014) and hexane 
extracted safflower oil (Moumen et al., 2015). Total 
phenolic content of  safflower oils was higher than most 
vegetable oils, particularly one order of  magnitude those 
of  commercially refined corn or extra virgin olive oils (30.8 
and 15.2 mg gallic acid equivalent/kg oil, respectively) 
(Farhoosh et al., 2009). Alpha-tocopherol content of  oils 
from two oleate varieties (Ciano-OL and Chey-OL) did not 
differ significantly from linoleate varieties (RC-1033 and 
RC-1002). The α-tocopherol content of  our safflower oils 
was lower than those reported for cold pressed (rapeseed, 
sunflower and safflower oil) (Franke et al., 2010; Lee et 
al., 2004), hexane extracted oil (Salaberría et al., 2016), 
commercial safflower oils (Oomah et al., 2000; Bozan and 

Temelli, 2008), and the Codex standard for α-tocopherol 
in crude safflower oil (234-660 mg/kg oil) (Table 3). The 
relatively higher total phenolic and lower α-tocopherol 
contents of  our safflower oils may partly be due to the use 
of  absolute methanol that is superior to aqueous methanol 
(80%) for phenolic extraction from oils but hinders precise 
quantification of  α-tocopherol (Owen et al., 2000).

Oil from the high oleate and high linoleate sunflower 
cultivars S-334 and Ciano-Lin exhibited the lowest and 
highest DPPH antioxidant activity, respectively (Table 3). 
S-334, Chey-OL and RC-1033 oils did not differ significantly 
in DPPH radical scavenging activity. The DPPH values 
were lower than cold pressed Turkish safflower oil (Aydeniz 
et al., 2014), and cold pressed commercial safflower oils 
(Prescha et al., 2014). ORAC unlike DPPH values differed 
significantly among safflower varieties with oils from high 
linoleate displaying higher radical scavenging activity than 
high oleate varieties. The ORAC values have rarely been 
reported for safflower oils but are within the range for 
virgin olive oils (1-10 µM trolox/g oil) (Ninfali et al., 2002; 
Samaniego-Sánchez et al., 2007) (Table 3). Total phenolic 
content was associated with the antioxidant activities 
of  safflower oils (r = 0.714; p < 0.001 and r = 0.540; 
p = 0.0007 for DPPH and ORAC, respectively). However, 
α-tocopherol content did not correlate with the antioxidant 
activities of  the oils although safflower was reported to 
exhibit the highest DPPH radical scavenging activity for 
its lipophilic fraction (Zhang et al, 1997). This may be due 
to the presence of  some serotonin derivatives found in 
safflower oil cake that exerts stronger antioxidant activities 
than α-tocopherols (Zhang et al., 1997).

Oil characteristics were strongly correlated with their 
fatty acid profile, particularly the monounsaturated/
polyunsaturated ratio (Table 2). This ratio is often 
considered a measure of  oil tendency to oxidation; the 
higher the ratio the greater the oxidative stability of  the 
oil in the frying process (Farahmandfar et al., 2015). 
It was highly inversely associated with the peroxide, 
totox and ΔE values, total phenolics and DPPH radical 
scavenging activity (r = -0.70 to -0.96; p < 0.0001) and 
moderately correlated with p-anisidine and ORAC values 
(r = -0.53 to -0.52, p < 0.001). The color indicator b* 
and absorptivity K232 were highly correlated with total 

Table 3: Total phenolics, a‑tocopherol and antioxidant activity of high oleic and linoleic safflower oilsa

Characteristic High oleic High linoleic Mean
S-334 Ciano-OL Chey-OL RC-1002 Ciano-Lin RC-1033 Oleic Linoleic

Total phenolicsb 19.27c 17.05d 18.04cd 29.26ab 28.60b 30.39a 18.12y 29.41x
a-Tocopherolc 148.92d 213.61a 166.53c 173.95c 195.42b 214.26a 176.35y 194.54x
DPPHd 51.48b 47.57b 75.51a 68.87a 79.58a 72.57a 58.19y 73.67x
ORACd 1.74b 1.40c 1.16d 1.88b 2.57a 1.52c 1.43y 1.99x
aMeans in a row with different letters are significantly different (p<0.05), bTotal phenols are expressed as mg equivalents gallic acid/100 g oil, ca-Tocopherol are 
expressed as mg/kg oil, dAntioxidant activity expressed as mg Trolox equivalents/kg oil.
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phenolic content and DPPH antiradical scavenging activity. 
The diene and triene values were inversely correlated with 
the monounsaturated/polyunsaturated fatty acid ratio but 
positively associated with peroxide, totox, total phenolic 
and DPPH values. p-anisidine values were only moderately 
correlated explaining its relatively low contribution to the 
variability of  other oil characteristics. The correlation 
coefficients suggest that the oleate/linoleate content 
of  the oil (expressed here as the monounsaturated/
polyunsaturated fatty acid ratio) strongly affects its physical 
characteristics, phenolic content and the DPPH radical 
scavenging activity.

Most dietary recommendations often advise the reduction 
of  saturated fat intake and maintain or increase PUFA 
intake. Total fat, SFA, MUFA and PUFA intake for adults 
(19-69 years) in Mexico was 25.7, 7.4, 7.2 and 4.4% of  total 
energy. The PUFA intake, important for preventing chronic 
diseases, was lower than the WHO/FAO recommended 
population nutrient intake (6-8% energy) (Elmadfa and 
Kornsteiner, 2009). High consumption of  SFA and MUFA 
has been associated with increased risk, whereas PUFA 
intake reduced (70-80%) that risk of  gastric cancer in 
Mexico (López-Carrillo et al., 1999; Sampieri and Mora, 
2014). The main sources of  PUFA in the Mexican diet 
are sunflower and safflower oils; therefore increased use 
of  our high linoleic safflower oil (75-86% PUFA, 10-23 
PUFA/SFA ratio) can be effective in greatly reducing the 
risk of  gastric cancer, the third leading cause of  cancer 
related deaths in Mexico (Bustos-Carpinteyro et al., 2016). 
Furthermore, the antioxidant components of  safflower 
oil, particularly the phenolics may also play an important 
etiological role in reducing the risk of  chronic diseases 
and attenuating inflammation, the major risk factor for 
metabolic diseases.

CONCLUSION

Mexican safflower oils exhibited distinctive physicochemical 
characteristics from high oleic and linoleic, strongly 
correlated with their fatty acid profile, particularly the 
monounsaturated/polyunsaturated ratio. Oleic oil yield 
was ~14% lower than linoleic safflower varieties. The cold 
press extraction method reduces oil yield up to 50%. Major 
fatty acids in oils were: oleic (65-78%) < linoleic (9-15%), 
< stearic (3-5%) < palmitic (2-5%) < myristic (0.3-2.2%) 
acids for the high oleic varieties; linoleic (76-79%) < oleic 
(6-9%) < palmitic (6-10%) < stearic (3-5%) < myristic 
(0.18-0.84%) acids for high linoleic oils. Linoleic/oleic ratio 
for oleic and linoleic varieties was 0.15 and 9.5, respectively. 
Meanwhile, the PUFA/SFA ratio for high linoleic was 
5x higher than high oleic oils. Based on the calculated 
oxidizability stability (Cox), high oleic varieties were 4x 

more resistant to oxidation than those from high linoleic, 
due the monounsaturated fatty acid levels. Furthermore, the 
measured oxidative quality parameters confirm the greater 
susceptibility to oxidation of  linoleic oils; however, both 
cold press oleic and linoleic safflower oils exhibited low 
atherogenic and thrombogenic indices.

Total phenolic content of  high linoleate oils was 
significantly higher (~ 60%) than those from high oleate 
safflower varieties; monounsaturated/polyunsaturated 
fatty acid ratio strongly affects its phenolic content and 
the DPPH radical scavenging activity.

High oleic and high linoleic cold press oils from 
improved Mexican safflower varieties could be excellent 
opportunity to increase the PUFA/SFA ratio consumption. 
Furthermore, their low atherogenic and thrombogenic 
indices may be potentially favorable for reduction of  
serum cholesterol and atherosclerosis and heart disease 
prevention. Besides, high oxidative stability of  the oleic 
cold press oils and phenolic content and antioxidant 
activity of  linoleic varieties can potentially increase their 
use for food and nonfood industries. More investigation 
on in vivo bioactivity will be necessary to complement this 
characterization of  Mexican safflower oil for increased use 
in food and nonfood industries.
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