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ABSTRACT

In this study, four safflower varieties, originating from Spain (Rancho), India (Sharda) and Morocco
(Cartamar and Cartafri) cultivated at the experimental station of OUJDA (semi-arid region of Eastern
Morocco) were evaluated for their oil yield and seed oil quality. The analysis of results revealed significant
differences among varieties for all traits. Indeed, our result show that seeds of the four varieties have
important oil content ranged between 35.38% (Rancho) and 28.84% (Cartamar). Characterization of these
oils showed a low value of acidity index less than 0.7% for all the varieties but significant differences in their
peroxide values ranged between 4.5 meq 02/Kg (Cartamar) and 31.21 mEqO2/Kg (Rancho) and high value
of phenolic content between 143 ppm (Rancho) and 97 ppm (Sharda). Analysis of the fatty acids shows that
linoleic acid is the main fatty acid ranged between 77.94% (Cartamar) and 79.98% (Sharda). Oils of those
four varieties can be classified in the linoleic acid group. The analysis of triglycerides by HPLC shows 10
molecular species of TAG (LLL, LPL, LLO, PLO, LLS, POP, 000, POO, SOO, PPL). The trilinoleate (LLL) is the
main molecular species with more than 50%. Safflower seed oil cultivated in eastern Morocco presents good
physicochemical proprieties (polyphenols and Omega 6 richness); therefore, safflower culture could be
suggested for all areas of Morocco, including the areas of low pluviometry, while the potential for culture of
other oilseeds is more limited.
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1 Introduction

Safflower Carthamus tinctorius) is an oilseed crop, which, for many years, hasnbgrown on a
relatively small scale in parts of North Africa aktiddle East (Purdy and al., 1959). Safflower igp-rooted
annual crop which can tolerate environmental sté®#scluding salinity and water stress (Lovelli ahd 2007).
Therefore it has a good yield potential in Morosceémiarid areas where research work, particutadgding,
started early in the 60’s (Nabloussi and Boujgh&flf)6). Safflower was originally grown for the fleve that
were used in making red and yellow dyes for clghémd food preparation. Safflower is an excellemage
plant, which is palatable and is feeding value derualue and total digestible nutrients) and yieldssimilar to
or better than cereal or alfalfa. Safflower stuliblBighly desired by cattle, sheep and goat. ($amid al. 1996;
Landaua and al. 2004). In recent years, consideratiention has been generated in the consumptidn a
development of safflower seed oil as an excelleaith care product and health benefits derived ftantlude
prevention and treatment of hyperlipaemia, arteterssis, coronary heart disease (Han and al.,)2009

Safflower oil has been characterized in differesgions of the world and several experiences have
demonstrated a variability of composition functiarissarieties, soil and climate conditions. So ithteoduction
of a new crop to a regional cropping system reguirdormation concerning its performance under lloca
environmental conditions (Camand al., 2007)

The aim of this present work is to complete ourcptent investigation laboratory by characterizatibn
safflower seeds produced in North Eastern of Marr(fraibi and al., 2012). The objective is to detiere the
chemical composition of four safflower seeds vagetultivated in this region. Parameters like gqudhcidity
index, peroxide value) fatty acid, triacylgyceralsd phenols composition of their lipid fraction ammpared.

InsideFood Symposium, 9-12 April 2013, Leuven, Baigi 1|Page



2 Material and Methods

2.1 Plant Material

Plant material consisted of fo@arthamus tinctorius varieties (pure lines) from different origin€artafri’ and
‘Cartamar’ (Morocco), ‘Rancho’ (Spain) and Sharda’ (India). Seeds of all these varieties were kingitgvided
by the National Institute for Agricultural ReseaftNRA), Regional Research Center of Meknes (Moojcc
2.2 Experimental Procedures

The trial was conducted at the Center for Agriaalt@Qualification Bouchtat in Oujda (East Northern
Morocco). Sowings were performed on February 2@ienatic data for the research areas are giverald'1.

Table 1. Climatic data for the experimental area during 2009

value
Total rainfall 249.93 mm
annual average Temperature 18.2°C
Maxima Temperature mediates annual 25.6°C
minimum Temperature annual average 11.6°C
annual average Humidity 59.7%

Soil types of the station are silty clay loam tow active lime. The experimental design was a
randomized complete block design with three refibbices. Capitula were harvested manually on june at
maturity (browning of all leaves and bracts of lth&t capitula), with three plants for each genotypby line.

All analytical determinations were performed atsteia triplicate. Values were expressed as the mean
standard deviation.

2.3 Chemical analysis

Fat content: The seeds were ground by using a coffee grindethist system according to the AOCS
method (AOCS Ag 1-65; AOCS, 1993). This gringkers used to extract 30g of each of the ground fieeds
with 100% n-hexane for 5 hours, the final volumeath extract was made up to 250 ml. Using rotary
evaporator, oils and meals were recovered anddsionrne dark at 6 °C. The result was expresseatieas
percentage of lipids in the dry matter of seed pawd

Fatty acid composition analysis. Fatty acids were converted to fatty acid methyéesbefore analysis
by shaking a solution of 10 mg oil on 0.2 ml of ae& with 0.5 ml of solution A (solution A : 55 mf o
methanol sec + 20 ml of pentane + 25 ml of BF34&6 eight in methanol), placed in a water bath&at T
for 90 min, then 0.6 ml of saturated NaCl and 0l211.0% HSGO, (V:V) were added.

Fatty acids were analyzed by a HP 6890 series GsfeBychromatograph, equipped with a capillary
column (Supelcowax: 30.0 m * 250 mm * 0.2&) and an FID detector. The carrier gas was nitipgea flow
of 1.7 ml/min. The temperatures of the injector aedector were set at 150 and 250 °C, respectietythe
oven temperature was set at 210 °C. The injectidmwe was 1.

HPLC analysis of triacylglycerols. The chromatographic system consisted of ShimadzdembC-
6AD, CBM 20A controller and refractive index detacRID 10A. HPLC analyses were conducted using C18
reversed- phase column (ODS C18: 250x 5mm, 5un®.fdbile phase consisted of acetone/acetonitil& (60
V/IV)). Prior to use the solutions were degassedlirasonic bath and filtered through 0.45 pm memésa
Elution was carried out at 1 ml/min in isocratioda@ions. Seed oils were dissolved in acetone (84)filtered
through 0.45um membranes. The injection volume Gsp2 All separations are performed at ambient
temperature.

Titrable acidity: is the free fatty acid content g#fflower oil, expressed as % of linoleic acidirdble
acidity was determined by titration of a solutiohail dissolved in ethanol with 0.1 M potassium hyxide
ethanolic solution, using phenolphthalein as inicg|SO 660:2009)

Peroxide value: expressed in milliequivalents of active oxygem kigogram of oil (meq O2 kg oil),
and determined as follows: safflower oil dissoledcetic acid/chloroform mixture (3:2 V/V) wastiéd react
with a saturated potassium iodide for 5 minutedarkness. Then 75 ml of deionized water was addédyed
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by two drops of starch solution; the free iodineswitrated with 0.01N sodium thiosulfate soluti@ancomplete
bleaching. (ISO 3960:2007)

Colorimetric determination of total phenols: Safflower oil phenols content was determinedofaihg
the method described by Ollivier and al., (200£x;oading to the Folin—Ciocalteu colorimetric methasing
caffeic acid as a standard. A mixture of safflow#i(10 g) and 10 ml methanol solution (methanot&va0/20,
V/V) placed in a centrifuge tube, after a vigoransing for 10 min, was centrifuged (3800 g/15 mamd the
collected methanol phase was transferred to a 5flask. Total phenols compounds were isolated bybto
extraction. To 2 ml extracted solution, 5 ml distll water, 1 ml Folin-Ciocalteu reagent and 5 mb®@;
(10%) were added. After agitation, the solution wked in darkness before measuring the absorlkzncs0
nm.

3 Results and discussion

Safflower seeds oil content of the four varietiaaged from 28,84 g/100¢gértamar) to 35,38 g/100g
(Rancho). The observed values for oil contents were closthose reported by (Smith 1996, Gecgel and al,
2007; Ashrafi and Razmjoo 2010)

Free fatty acid (FFA) content or acidic index iaf the most important parameters featuring thadityuof oil
and it is often determined to classify and/or eat@wil (Mariotti and Mascini, 2001). It is a mes=ment of
hydrolytic breakdown of the fatty acid chains frotmglycerides into diglycerides and monoglycerides,
liberating free fatty acids (Vossen, 2007). All toealyzed oils showed very low values of free faitid (Table
2), Rancho, Cratafri andsharda with 0.7% andCartamar with 0.63%.

The factors that contribute to an increase in FFAthose that bring the triacylglycerols into cahtaith
endogenous lipase enzymes which can break the uletedown. Other contributions may be due to actdu
in moisture content to a level where desiccationsed cell breakdown and an increase in free fatigsa
(Boskow, 1996). The high acidic index which is thesis of olive oil classification also indicatesdbseed
conservation. Compared to this classification, eitracted from safflower seeds grown in climatoditions
of eastern Morocco can be considered as a very goality.

Peroxide value (PV) is a crude indicator of the amoof primary oxidation of lipids (Vossen, 2007).
The PV is in fact a measure of the amount of thardyyeroxide formed through oxidation during storé@esio
and al., 2007).

The peroxide value recorded for the oil samplegedrbetween 4.58 and 31.21.meq O2 per Kg (Table
2). Tree of the studied oil samples were notedxtubit a peroxide value that was lower than the imaxn
limit of 20 established for extra virgin olive ailsligher peroxide value (31.21 meq O2/Kg) was hawvev
recorded for the Spanich varieRancho

The PV results were found to be relatively highcampared to those already reported in literature by
(Rafiquzzaman and al., 2006). These results doex¢ssarily indicate a deterioration of oils indseleut can be
explained by the method of oil extraction. Inde8dxhlet method used in this work presents the daaiof a
hot extraction that promotes lipid peroxidation.cald extraction (Bligh and Dyer 1958) gives a vahfe
peroxide toCartafri 6.6 meq O2/Kg (data not shown) instead of 15.2 @24Kg

According to varieties, significant differencesparoxide and free fatty acid values were found (PSP
The comparison of the free acidity and peroxidei@alof the four oil varieties shows thRencho oil presents
the higher free acidity and peroxide values Witamar presents the most lowers values.

The hydroperoxides accumulate in safflower oilh&t beginning of the reaction of oxidation. They are
relatively stable, but in the presence of metadic or high temperatures and other factors preaetite same
time like chlorophyll and pheophytin, they decompdast into radical alcoyl and hydroxy. Sensorycpption
is not affected by the accumulation of hydroperexifihe presence of substances like phenols, tocolshg-
carotene etc. opposes the spread of oxidation (ian03).

Stability parameters such as total phenols are shouwable 2. Phenols are natural antioxidants ¢hat
be found in the natural oils and correlate withbsity and flavor. These compounds showed changethe
studied oils according to the cultivar. The levetatal phenolic compounds in the four varietiegsd&d were
showed to be highly iRancho with 143.65 ppmCartamar with 125.78 ppm followed b¢artafri 118.15 ppm
and Sharda with 97.46 ppm, the observed value of total phienobmpound were close to those reported by
Mailer (2008). Significant difference in the valugfstotal phenols according to varieties were fo(o0.05).

3|Page



Table 2 Physicochemical quality of safflower oils samples.

Varieties
Physicochemical parameters  Rancho Cartamar Cartafri Sharda
Free Acidity (% of Linoleic acid)  0,70+0,03 0,630,053 0,67+0,04° 0,70+0,02
Peroxide value ( meqAXg ) 31,21+1,4% 4,58+1,04 15,64+1,58° 15,81+3,78°

Total phenolic compounds (Mg/Kg) 143,64+27,92 125,78+528 118,14+15,78 97,47+15,87

Values are the means of the four different saffloeils samples (n=3) + standard deviations. Sigaiit differences in the same row are
shown by different letters (a—c) varieties (P<0.05)

Composition of safflower seed oil corresponds apipnately to the TAG compounds. Analysis of
molecular species of triacylglycerols by HPLC/IRg.E) allow to distinguishe essentially ten molecwdpecies
TAG (LLL, LPL, LLO, PLO, LLS, POP, OO0, POO, SOORP. For the four varieties studied, there aredhre
major species which represent more than 80% of T0A&& of all varieties. The major peak occurred=siN
(equivalent carbon number) 42 corresponding totiéin (LLL). Indeed the amount of this molecusgrecies
is ranged from 52.36%Cartafri) to 56.5% Rancho).
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Fig.1 Relative percentages of the main molecular spediggcylglycerol of different samples

Fatty acid compositions of safflower oil are preasenin Table 3. We note a clear predominance of
unsaturated fatty acids compared to saturated &&itys. For safflower oils analyzed total basedatty acids,
the proportion of saturated fatty acids (SFA) dligivaries between 10.76% and 9.67%, the unsatuliraitity
acids (UFA) varies between 90.2% and 89.23%.

Safflower seed oils analyzed show that palmitieimlstearic and linoleic esters are the main FAME
identified. Palmitic acid (C16:0) was the majorusated fatty acid (7.2-8.6%) followed by stearidda(2-
2.39%). Linoleic acid (C18:&-6) is the principal fatty acid (77.94-79.49%) &olled by oleic acid (C18;a-9)
as the second main fatty acid (9.5-11.29%). Thatixel proportions of these two major fatty acidsedmine
relevant technological and nutritional properti€®dible oils. In the past six decades, breedeve lexploited
safflower’'s natural genetic diversity to modify tlweate/linoleate ratio for particular end use [psgs.
Numerous breeding lines with high levels of eitbégic acid (75-84%) or linoleic acid (71-89%) hdwveen
selected (Cao and al 2013), but it is known thatrenmental temperature also modulates oleic amoldic
acid in developing seed through regulated FAD2-degexpression (Byfield and Upchurch, 2007). Thehhig
linoleic acid content could be explained by thehhignega-6 fatty acid desaturase (FAD2-1) activityirdy pod
fill. Study of the acidic composition of variousnsples of safflower oils analyzed showed no diffesen
according to particular varieties.

The fatty acid composition of safflower oils anadgzs similar to those observed by other authonsitts
1996; Rafiquzzaman, and al 2006; Bozan and al.8,208ilaghi and al., 2012)
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Table 3. Fatty acid composition (% GC area) of safflowds oi

Fatty acid Rancho Cartamar Cartafri Sharda
Ci14:0 0,12 +0,01 0,13+ 0,02 0,16 + 0,02 0,15 +0,04
C15:0 ND 0,07 £ 0,03 ND ND
Ci5:1 ND 0,44 £ 0,07 ND ND
C16:0 7,36 +0,54 7,20+0,73 8,60 + 0,64 8,12 +1,26
C16:1 0,08 £ 0,01 0,09 + 0,01 ND 0,10 +0,02
Ci7:1 ND ND ND ND
C18:0 2,19 +0,01 2,39+0,13 2,00 +0,20 2,15 +0,08
Ci18:1 10,63 +0,13 11,29 £0,19 10,61 £0,43 9,50 +0,53
C18:2 79,49 + 0,67 77,94 +0,47 78,62 0,03 79,98 £ 1,77
C18:3 ND 0,09 + 0,00 ND ND
C20:0 ND 0,19 + 0,06 ND ND
C20:1 ND ND ND ND
C22:0 ND 0,16 + 0,06 ND ND
LSFA 9,67 10,14 10,76 10,42

OMUFAs 10,71 11,82 10,61 9,60

[PUFAs 79,49 77,94 78,62 79,98

Values are the means of the four different saffioeds samples (n=2) + standard deviations. SFAurssed fatty acid; MUFA,
monounsaturated fatty acid; PUFA, polyunsaturdaty acid. C16:0, palmitic acid; C16:1, palmita@ecid; C17:0, margaric acid;
C17:1, margaroleic acid; C18:0, stearic acid; Cl8l&ic acid; C18:2, linoleic acid; C18:3, linolericid; C20:0, arachidic acid and
C20:1, gadoleic acid. C22:0, behenic acid.

4 Conclusions

The present study shows that the four saffloweretias cultivated in eastern of morocco could be a
good source of ail rich in linoleic and phenoliddacThe varietal differences are not significangarl to the
fatty acid and triglycerides molecular species. Batcan note th&ancho cultivar presents the most amount of
LLL, hight amount of insaturated fatty acids, fried¢ty acids (Acid value), peroxide value (PI), goitenolic
content. The hight value of IP could be result efhdation of insaturated fatty acids which is prtad by
high phenolic contents. Phenols could act as prdaxtis (Aruoma and al, 1993; Kobayashi and al., 2004
some conditions are combined, in this case higtpggature during oil extraction (soxhlet) and hidtepolic
and unsaturated fatty acids content.

The hight linoleic acid and phenolic acid contemtske safflower oil nutritionally valuable and usabk
cooking oil in eastern Morocco where only sourceibfs olive which the price is high and can natisfy the
needs in oils area.

Acknowledgements

The research was supported by the Morocco Belgiapearation, Wallonia Brussels International pro&
and the Ministry of Education, Higher Education &wentific Research in Morocco.

References

Amelio M. 2003. Chemical-physical characteristicsotife oils. ONAOQO: Organizzazione nazionale Assaggi Olio di
Oliva.p:1-26.

AOCS. 1993. Official Methods and Recommended Pratiéehe American Oil Chemists’ Society. 4th ednefhbds Ag
1-65 and Ce 1-62). Champaign, IL: American Oil Chesh&ociety Press.

Aruoma OlI, Murcia A, Butler J and Halliwell B., 1998valuation of the antioxidant and peroxidant awiof gallic acid
and its derivatives. Journal of Agriculture and &&hemistry., 41 : 1880-1885

Ashrafi, E. and Razmjoo, K. 2010. Effet of Irrigatikegimes on oil content and Composition of safflo@@arthamus
tinctorius L.) Cultivars. J. An Qil chem . Soc 8794506

Bozan B., Temelli F., 2008. Chemical composition aridiative stability of flax, safflower and poppy seand seed oils
Bioresource Technology 99 (2008) 6354-6359

Bligh, E.G. and W.J. Dyer, 1959. A rapid method atht lipid extraction and purification. Can. J. Biech. Physiol., 37:
911-917

Boscow.D. 1996. Changes caused by enzymes and axidathD. B oscow, olive oil: chemistry and techrgidpp,96-
100). Champaign. IL, USA: AOCS, Press

5|Page



Cama N., Cirak C., Esendal E., 2007. Seed Yield, Oil Contend Fatty Acids Composition Of Safflower(Carthamus
Tinctorius L.) Grown In Northern Turkey Conditiorls.Of Fac. Of Agric., Omu, 2007,22(1):98-104)

Cao S., Zhou X-R., Wood C., Green A.G., Singh S. Ri,LL and Liu Q., 2013. A large and functionallyweise family
of Fad2 genes in safflower (Carthamus tinctoriusBMC Plant Biology 2013, 13:5

Cosio, M.S., Ballabio, D. Beneditti, S; and Gigliotti,2006. Geographical origin and authentificatidrextra virgin olive
oils by an electronic nose incombination with &i#fl neural networks, Analytica chimica Acta, 5&002-2210.

Gecgel V., Demirci M., and Esendal E. 2007. Seetlyioil content and fatty acids composition offleafer (Carthamus
tinctoruis L.) varieties sown in spring and wintert. J Nat Eng .Sci 1: 11-15

Gulfinger T. 1981. Phenols in olive oils . JAOCS%#-998
Han, X., Cheng, L., Zhang, R., Bi, J. 2009. Extrattid safflower seed oil by supercritical CO2, J. &&mg. 92: 370-376.

ISO 3960:2007 Animal and vegetable fats and oil®etermination of peroxide value -- lodometric (a$) endpoint
determination

ISO 660:2009 Animal and vegetable fats and oiBetermination of acid value and acidity

Kobayashi H, Oikawa S, Hirakawa K, and Kawanishi2®04. Metal-mediated oxidative damage to cellalad isolated
DNA by gallic acid, a metabolite of antioxidant pyd gallate. Mutat Res 558: 111-120.

Landaua, S., S. Freidmana, S.Brennera, |.Bruckenfald,Weinberge, G.Ashbelle, Y.Henc, L.Dvasha andL¥hsem,
2004. The value of safflower (Carthamus tinctoriusHay and silage grown under Mediterranean camthitias forage
for dairy cattle.Liverstock Prod. Sci., 88:263-271.

Lovelli SM, Perniola AF, Ferrara A, Di Tommaso . Yield reponse factor to water (Ky) and watse efficiency of
Carthamus tinctorius L. and solamum melongena li Water Manage 92: 73-80.

Mailer R.J.,.Potter T.D, Redden R.and Ayton J., 2@&ality evaluation of safflower (Carthamus tinctariu.) cultivars.
7th International Safllower Conference AUSTRALIA

Moriotti E., Mascini, M, 2001. Determination of extvirgin olive oil acidity by FIA — titration , Fed Chemistry, 73,
(2001),p.235 238

Nabloussi A. and M. Boujghagh. 2006. Safflower biegdn Morocco: history and current situation. SaeaSafflower
Newsl. 21: 84-87

Olivier D. Boubault E., Pinatel C., Souillal S., Gé& M., Artaud J, 2004. Analyse de la fraction riligue des huiles
d’olive vierges.J. Annales des falcifications. Dexpertise chimique et toxicologique N.965, p:16851

Purdy R.H., Cummings L.O., Claassen C.E., and KneelhAd 1959. Pacific Vegetable Oil Corporation, Ricmd,
California Safflower Its Development and Utilizatjorolume 36 issue 9, pp a 26-a 30.

Rafiquzzaman M., Hossain M. A. and Moynul HasanM.,J2006. studies on the characterization and Giga@mmposition
of safflower (Carthamus tinctoruis) seed oil Bang&id&.Sci. Ind. Res 41(3-4),235-238

Smith, J.R, 1996, Safflower. AOCS Press, ChampaigrnJ8A, pp: 624

Vasquez Roncero, A., Janer Del Valle, C., Janer BdleYM.L., 1973. Determinacion de los polifenotetales del aceite
de oliva. Grasas y Aceites 24 (6), 350-357.

Vazquez-Rouecero A, Janer del Valle MlI, Janer déll @a1973. Determination of total phenols in olok Grasas Aceites
24,350-355.

Voscen P.M 2007; International olive oil counciadr standard for olive oil. Organic olive productioranual. Edition.
lllustrated published by ANR publication ISBN 1601@09,9781601074409.:23-24

Yeilaghi, H., Arzani, A., Ghaderian, M., Fotovat,, Reizi, M., and Pourdad, S. S. 2012. Effect ofirffiigl on Seed Oil
Content and Fatty Acid Composition of Safflower (Carttus tinctorius L.) Genotypes. Food Chem., 130(B3-&25.

Zraibi L., Nabloussi A., Merimi J., EI Amrani A.,dfeiou M., Khalid A. and Serghini Caid H. 2012, Effiel stress salin sur
des parametres physiologiques et Agronomiques fliérefites variétés de carthame (Carthamus tinctdrius AL
AWAMIA 125-126.

Pagel|6



