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Abstract: Effects of heating on some quality charactersstitdate seed oil from two cultivars (Deglet Nand Allig)
has been investigated using an accelerated tasRancimat system. Fatty acid, viscosity, absaitptat 232 and 270
nm, colour and total melting enthalpy of Deglet Neeaed oil were less changed compared to thatligf #¢ed oil,
because the former contained a higher amount aff pbienolic compounds (526 pg/g against 215 pgid)aalower
content of unsaturated fatty acids. Viscosity absbaptivity at 232 nm and at 270 nm increased tggiffer reaching
the oxidation induction time. Differential scannicaglorimetry melting profiles of date seed oils vatso changed after
heating in the Rancimat. Melting enthalpies seetodzk constant during the initial stages of Rantimeatment and
then reduced after the induction time was reachkd.obtained data shows that date seed oils weistant to thermal
treatment during a long period (~30-40 h). This nmajicate that they could bear thermal treatmemis ¢could be
applied in refining procedures or in culinary treants such as frying and cooking conditions. Wedalso expect
that they may have a good shelf life.
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1. INTRODUCTION

The date Phoenix dactyliferd..) has always played an important part of the ecaio and social lives of the people of
arid and semi arid regions of the world. Tunisiaassidered to be one of the date producing cas)tthe number of
these trees is estimated to be over 4 million andrad 100,000 tons of dates are produced annUdléyfruit of the
date palm is composed of a fleshy pericarp and.seed

Date seeds may have extractible high value-addegbopents. Presently, however, very little use islenaf these
components: they are discarded or used in aniredl iattle research has been undertaken on date getds; this has
focused particularly on their chemical composit{gh Showiman, 1990; Al-Hooti, Sidhu, & Qabazard,989
Devshony, Eteshola, & Shani, 1992; El-Shurafa, Athnd&eAbou-Naji, 1982; Hamada, Ha-shim, & Sharif 02). Date
palm seeds are a waste product of many industaigsdoon the technological transformation of datisfi(Al-Hooti,
Sidhu, Al-Ota-ibi, Al-Ameeri, & Qabazard, 1997; Hali, 1998; Khat-chadourian, Sawaya, Khalil, & Matiha983;
Youssif, Abou Ali, & Bou Idreese, 1990; Youssif,ghlamdi, Hamad, & Mustafa, 1996; Youssif & Al-Ghamt®99) or
on their biological transformation (Abou Zied & Bdgf, 1983; Abou Zied, Abderrahman, & Baghlef, 198hou Zied
& Khoja, 1993; Al-Obaidi & Berry, 1976; Nacib, Ndgi& Bourdant, 1997; Nacibt al, 1999). Then, a large quantity
of date seeds could be easily collected from the geocessing industries or from the waste prodiefwesent nearly
30% of the production in Tunisia) coming eitheredity from the palm grove or from the gap-conditi@nstations.

It is well known that the average weight of datedseis about 10-15% of date weight (Almana & Mahd)di994;
Hussein, Alhadrami, & Khalil, 1998). In Tunisiagthipid fraction of date seeds could amount to AA@90 tons,
assuming a mean proportion of 10% of seed in datesfand 10% oil content of seeds. Some sciertiste studied
chemical characteristics and fatty acid compositibdate seed oil. The chemical characteristicsee oil from six
Libyan date cultivars were as follows: iodine numb®4.8, saponification value ~207 and acid vali® IEI-Shurafa
et al, 1982). The major fatty acid found in date seiéevas oleic acid (Al-Showiman, 1990; Devshaetyal, 1992).
Fair amounts of lauric acid, myristic acid and péibracid ranging between 15.4% and 23.8%; 7.42% ¥EIn8%,
6.96% and 10.2% were also observed (Al-Showima80)9n a previous paper, we reported that theatkid stability
of date seed oils was higher than that of mosttedde oils and comparable to that of olive oil (Bes, Blecker,
Deroanne, Drira, & Attia, 2004). They can also kediin formulation of Sun UV protectors that pravjarotection
against both UV-A and UV-B, which we responsible dellular damage (Besbesal., 2004). Regarding their
specificities, date seed oils could be used in ebsmpharmaceutical and food products (Bestied, 2004).
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In our knowledge, the study of thermo-oxidatioreets on physico-chemical characteristics of date sd has not yet
been done. Storage tests, like stifdf tests or oven tests (at 60 or 100 °C) couldibed to study physico-chemical
changes of edible oils (Nissiotis & Tasioula-Maiga002; Vieira & Regitano-d'Arce, 2001), but theyguire some
days to give a result. Nissiotis and Tasioula-M&r2002) indicated that heating at 100 °C simwdateoking
conditions. However, the Rancimat method was thstrinequently cited for the determination of theiséance of fat
and oil to oxidation (Halbault, Barbé, Arozte-g&iDe La Torre, 1997). The stability of fatty substas was
determined in accelerated and standard controieditons with a dry air flow and high temperatufée system
allowed automatic evaluation of the oxidation intitut time but could be also used to follow physatemical
characteristics changes during thermal treatmefatsfand oils, in well controlled conditions.

The use of date seed oil for industrial applicationfor culinary preparations could necessitaexposure to high
temperature such as refining operation, frying kiag conditions, etc. These thermal treatmentsattadd to changes
in quality characteristics of the oils. The aintlis present work was to study physico-chemicahglea of date seed
oils during heating. Following heat-induced physitemical characteristics changes of date seedvalgould also
indicate until what stage they could bear thisttreant.

2. MATERIALSAND METHODS

2.1. Seed material

The seeds of the two cultivars: Deglet Nour anégAllere directly isolated from 50 kg of waste dfatgt having the
same origin (National Institute of Arid Zone Degathnisia) and collected at the "Tamr stage'l (fpeness). The
seeds were soaked in water, washed to free themyoddhering date flesh, air-dried and then driédh) at about

50 °C. Date seeds, from each variety, were seppmaitted in a heavy-duty grinder to pas®2Imm screens and then
preserved at20 °C until analyses.

2.2. Lipid extraction and preservation

Lipid extraction was carried out with SER 148 SolvExtractor (Velp Scientifica, Europe) equippedhasix Soxhlet
posts. About 15 g of powdered date seeds werefased extraction, with petroleum ether 4D °C (Merck), in each
Soxhlet post (Besbex al, 2004). The operational conditions were:

* immersion time: 30 min with thimble immersed inlb@ solvent,
» washing time: 60 min of reflux washing.

The relative percentage weight of lipids compar&t weight of dried seeds was about 10.2% for Deldtaur cultivar
and about 12.7% for Allig cultivar (Besbesal, 2004). The obtained seed oils were drained uad#ream of nitrogen
and then stored in a freeze?2@ °C) for subsequent analyses.

2.3. Thermo-oxidation treatment of oil

Thermaooxidative treatment was done using a Rancimat @pauatus (Metrohm AG, Herison, Switzerland) respect
these conditions: oil samples of 2.5 g, temperatut80 °C, air flow rate of 15 I/h. After Rancinte#atment (going
from O to 48 h), seed oils were drained undereastrof nitrogen and then stored in a freez2d ¢(C) for subsequent
analyses.

2.4. Analytical methods

All analytical determination were performed at laadriplicate. Values of different parameters wexpressed as the
mean + SD K = SD).

2.4.1. Fatty acid composition

Treated and non-treated date seed oils were cauavritheir corresponding methyl ester using bariflooride
methanol complex (14% wi/v). The mixture was maimgdiat 100 °C for 1 h. The reaction was stoppeld & ml of
distilled water. Then, the extracted fatty acid myeesters (FAMES) were dissolved in heptane forab@lyses.

GC analyses were performed on a Hewlett-Packarf S@%ies Il gas chromatograph (H.P. Co., Amsterddra,
Netherlands) equipped with a hydrogen flame iomnatietector and a capillary column: HP Inovax srlisked PEG
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(30 m x 0.32 mm x 0.25 um film). The column tempara was programmed from 180 to 240 °C at 5°C/miuh the
injector and detector temperature were set at 5Mftrogen was the carrier gas. FAMEs were id@adiby
comparison of their retention time with respegptme standard FAMESs purchased from Sigma and aedlyader the
same conditions. Date seed FAMEs were quantifiedraling to their percentage area, obtained by ratean of the
peaks. The results were expressed as a perceritagivalual fatty acids in the lipid fraction.

2.4.2. Total phenol

Total phenols in date seed oil were determinedrookdrically at 725 nm with the Folin-Ciocalteawagent as
previously done by Gutfinger (1981) on virgin olio#.

2.4.3. Color

The CieLab coordinates (L*, a*, b*) were directBad with a spectrophotocolorimeter MS/Y-2500 (Hdatg Inc.,
Reston, VA, USA), calibrated with a white tile. Thwe readings were taken on each sample. Differancelor AE),

between the initial and the treated date seedisitxpressed as followAE =[(AL*)2 + (Aa*)2 + (Ab*)2]9-5.

2.4.4. UV - spectrophotometric analyses

Specific absorptivity at 232 and 270 nm were caltad from the absorption at the corresponding wharegh, with an
UV-240 spectrophotometer (Shimmadzu - Corporatiymto, Japan) using a 1% solution of oil in hexand a path
length of 1 cm.

2.4.5. Viscosity determination

Viscosity was followed at 25 °C with a Stress T&teologica Rheometer (Rheologica Instruments ABd, Bweden)
conducted with a steel cone-plate (C40/ 4) undmmstant shear rate of 108.s

2.4.6. Differential scanning calorimetry (DSC)

Thermal properties were determined with a difféedrstcanning calorimeter (DSC 2920 Modulated DSC-TA
Instruments, Newcastle, DE, USA). Oil (2 £ 0.1 mg@s weighed in DSC-pan (SFI - aluminium, TA Instamn
T11024). The sample was quickly cooled30 °C with a speed of 15 °C/min, maintained at thiaperature for 15

min, and heated to 90 °C with a heating speed SfCI&in. The same operation (cooling and heatings vepeated and
the DSC thermographs were recorded during the secmiting. An empty DS{an was used as an inert reference to
balance heat capacity of the sample pan. The DSCalérated for temperature and heat flow usirgsane T, =

36.8 °C H = 247.7 J/g) and dodecari, & -9.65 °C,H = 216.73 J/g).

3. RESULTSAND DISCUSSION

3.1. Rancimat oxidative stability

Table 1 shows oxidation induction time and totatpdl content of date seed oil. Deglet Nour andykeed oil have
both a higher oxidation induction time (~45 and +38espectively). The difference in the oxidatioduction period
was explained by the Allig seed oil's high leveh@nounsaturated fatty acids (MUFA) and polyunssdad fatty acids
(PUFA) compared to Deglet Nour seed oil (49.2% 2h@% against 41.5% and 14.1%, respectively) (Besbal,
2004). The same tendency was observed by Salvadorda, Gomez-Alonso, and Fregapane (2001), wheated a
strong negative correlation between linoleic acid alive oil stability measured by Rancimat. Dedleur seed oil
also has a higher phenol content (526 pg/g agairisiig/g) which would contribute, with other antiants, to
increasing the oxidative stability of edible oil$ie contribution of phenolic arattho-diphenolic compounds in virgin
olive oil oxidation stability was the highest compa to that of fatty acid compositiomtochopherols, carotenoids and
chlorophylls (Aparicio, Roda, Albi, & Gutiérrez, 29). It has been also found that a linear relatignexists between
total polyphenol content and oxidative stabilityodi’e oil by Rancimat (Caponio, Alloggio, & Gomeg99;
Montedoroet al, 1993; Papadopoulus & Boskow, 1991; Salvastal, 2001).
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Table 1. Oxidation induction time (h) and total phenolg/¢) of seed oil from the two studied date cultvar

Cultivars

Deglet Nour Allig
Induction time 44.6 + 0.55 33.9+0.26
Total phenols 526 £13.92 215 +£9.27

All values given are mean of six determinations.

Date seed oil has a higher phenol content comparewst edible oils except olive oil, which is cwlesed as a rich
source of phenolic compounds in the Mediterranéain Hor example, The total phenolic content in®loil, measured
also by Folin-Ciocalteau method, has been showartge from 19 to 380 ig/g (Salvadetral,, 2001) and from 124 to
516 ig/g (Nissiotis & Tasio-ula-Margari, 2002). Shihay explain the fact that date seed oil presemtgparable
oxidation induction times to virgin olive oil (Besbet al, 2004). Date seed oail, especially extracted fideglet Nour
cultivar, could be considered as a potential soafeetural phenolic compounds. In addition to tthe@intribution to the
resistance of oil to oxidative rancidity and thgérticipation in confering specific flavor to otCéponioet al, 1999), it
is worthy mention that some authors report thanplecould have a positive effect in the preventibnoronary heart
disease and cancer (Owetnal, 2000; Tuck & Hayball, 2002).

3.2. Thermo-oxidation effects on quality characteristics

Some indicators of quality such as fatty acid cositjan, viscosity, absorptivity at 232 and 270 raolor and DSC
thermal properties were studied in order to stindyeffect of thermo-oxidation on date seed oil b&ha.

3.2.1. Fatty acids composition

Table 2 shows the effect of Rancimat treatment {I0AL5 I/h, 48 h) on the average fatty acid coritfwosof date seed
oils from Deglet Nour and Allig cultivars.

Non-treated (NT) seed oils were characterized byptiesence of five major fatty acids; (G, Cig-» Ci6.0 C14.0and
Cy12:0. Oleic fatty acid was always the major fatty aidnd: its relative percentage ranged from 41.8¢%@feglet

Nour seed oil to 47.7% for Allig seed oil (Besledsl, 2004). These results are in agreement with thoeséously
reported (Al-Hootiet al, 1998; Al-Showiman, 1990; Devshoayal, 1992). Deglet Nour seed oil showed higher
saturated fatty acid content (SAFA -44.3%) thangidleed oil (SAFA -26.3%). However, Allig seed cdintained
higher amounts of linoleic and oleic acids. Gergralls with higher proportions of unsaturatedyadcids are more
prone to oxidation than those containing lesseruantso(Tan & Che Man, 1999)

Rancimat treatment causes a decrease in the eefsicentages of the unsaturated fatty acids amtezase of the
relative percentages of the saturated fatty a¢inls& White, 1992). Thus, decrease in MUFA and PUigkcentages
across 48 h of heating were, respectively, abolit%nd 74.8% for Deglet Nour seed oil and abou@%0and 89.9%
for Allig seed oil. Similarly, the increase in SARAAIlig seed oil was lower.

Decreases in MUFA (essentially £;) was lower than decreases in PUFA (essentigllyJ-because lino-leic acid is
more susceptible to oxidation. The latter is uguadled as an indicator of the extent of oil detation.

Decreases in MUFA and PUFA for Allig seed oil, eefing the oxidation degradation, were more imprthue to:
+ its higher initial content in Gz.; and Gg.»,

» its lower phenolic content (215 ig/g against 528)gTable 1).
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Table 2. Fatty acid composition (%) of date seeds oils.

Fatty acid Deglet Nour Allig

NT2 T NT2
Capric Ggg 0.08 £0.13 0.68 + 0.05 0.07 £0.01 0.79+0.13
Lauric CL2:0 17.8+0.36 31.7+1.39 5.81+0.25 34.2+2.07
Myristic C14-9 9.84 +0.09 14.0+0.30 3.12 +0.06 15.7+£0.62
Myristoleic Ci4.1 0.09 £0.15 0.53 £ 0.06 0.04 £ 0.03 2.37+0.20
Palmitic Gg.q 10.9+0.17 10.6 £ 0.10 15.0+0.31 13.8+0.28
Palmitoleic Gg:1 0.11 +0.19 0.21 +0.04 1.52+0.01 0.46 £ 0.08
Stearic Gg.g 5.67 £ 0.20 3.88+0.10 3.00 £ 0.03 4.24 +1.05
Oleic Cig1 41.3+0.76 34.5+1.86 47.7+1.11 26.3+1.45
Linoleic Cg.» 12.4+0.15 3.28+0.25 21.0+0.29 0.27 £0.17
Linolenic Cig-3 1.68+0.71 0.27 + 0.06 0.81+0.38 1.92+0.85
SAFA 44.3 £ 0.96 60.8 £1.96 27.0 £ 0.66 68.3164.
MUFA 415+1.10 35.2+1.96 49.2+1.15 29.2 #31.
PUFA 14.1+1.62 3.55+0.32 21.8+0.68 2.19a31.

All values given are means of three determinatidiis.non-treated oil; T, oil treated in Rancimafl@d °C for 48 h with an air flow of 15
I7h.

2 According to Besbest al (2004).

3.2.2. Colour

In this study, we compardd, a* andb* parameters of Deglet Nour and Allig seed oils iitinitial state with that
after treatment in the Rancimat apparatus (10A%C/h, 48 h) (Table 3). It is interesting to ntitat date seed oil
showed a highdr* than other vegetable oils studied by Hsu and Y@220Then, date seed oils were more yellow-
colored than palm oil, soybean oil, sunflower ollye oil and corn oil studied by these authorssBupports the
presence of more yellow pigment, such as carotenaidiate seeds oils as shown by Beshhed (2004).

Table 3 shows that Rancimat treatment gives a dermile increase it* and a decrease af andb* parameters.
Difference in color between non-treated and treatstl oil (DE) was slightly higher for Allig cultv (55.3% against
51.2%), which is more sensitive to oxidation du@gdigher relative percentage of PUFA and MUFA &s lower
total phenolic content. This color change was agdgnmarked by the high loss of yellow color atieén that of
yellow pigments, essentialBrcarotenes, beyond the oxidation induction timejoNenkeu and Ngassoum (2002)
showed that heating during frying lead to bleactohpgalm oils caused by destruction of carotenoédponsible for
their color.

3.2.3. Viscosity

The curves of the viscosity against time are prieseim Fig. 1(a). It is worth noting that Deglet INseed oil initial
viscosity (20 mPa s) was lower than that of mogietable oils (mean valu&0-100 mPa s) and similar to that of
raspberry seed oil (26 mPa s) studied by Oomahet &bdfrey, Liang, and Girard (2000). The initredcosity of
Deglet Nour seed oil was lower than that of Alleged oil (20 mPa s against 40 mPa s), in spiteeofabt that this latter
contained more UFA content. This difference isliike be due to Deglet Nour seed oil's high mediamd short-chain
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fatty acids content (Besbesal., 2004). An obvious trend in relationship betwéagtty acid chain length and viscosity
was observed (Gustone, Harwood, & Padley, 198dp6G&IGoodrum, 2000).

Between 0 and 15 h, Deglet Nour seed oil showenvdricrease in viscosity, which reached that ofgddleed oil after

15 h in the Rancimat. Then, viscosity remains jically constant and finally increases consideral48 h, i.e., after
the corresponding oxidation induction time was heact 44 h). However, Allig seed oil viscosity remairaptically
constant between 0 h and the corresponding Ranaiehattion time {33 h) and increase considerably at 37 and 44 h.

The phase characterized by a low increase in \ityodsr Deglet Nour seed oil), was probably duéhty@roperoxides
formation. This phase seems to also exist for Alli§jivar, but occurs earlier i.e., during Soxtdgtraction of Allig
seed oil, which was more sensitive to oxidationisypothesis may also explain the higher initiatwsity of Allig
seed oil.

After 37 and 48 h in the Rancimat, Deglet Nour seiedhowed lower viscosity values because it wasenmesistant to
oxidation, following its lower UFA content and hggher amount of total phenolic compounds. It iswn that
viscosity decreases when molecular weight decre@sesincrease in oil viscosity beyond the Rancimadation
induction time was attributed to polymerisation donation of high molecular weight compounds intithg carbon-
carbon and carbon-oxygen-carbon bridges betwegndeids (Stevenson, Vaisey-Genser, & Eskin, 1984&. increase
of the viscosity during heating correlated welllwibrmation of polymers (Bracco, Dieffenbacher, &I&rovic, 1981).

3.2.4. Absorptivity at 232 and 270 nm

Absorptivity in the UV range could be a good toml the analysis of oxidized oils. The formatiorhgfiroperoxides is
coincidental with conjugation of double bonds inypmsaturated fatty acids, measured by absorptinithe UV
spectrum (Shahidi & Wanasundra, 1997).

Fig. 1(a) and (b) illustrates the evolution of #i®sorptivity at 232 and at 270 nm, respectivelgrdlie time range-88
h in the Rancimat (100 °C, 15 I/h). Absorptivity282 nm of Deglet Nour and Allig seed oils evoluethe same way
as viscosity (Section 3.2.3). Compared to DeglaiM&eed oil, Allig seed showed a higher initial @ipsivity at 232
nm that could be explained by its higher sensititdt heating during the extraction procedure legdinhigher content
of oxidation primary products.

Table 3. CieLab coordinates (L*, a*, b*) of date seedssoll

Colour parameters Deglet Nour Allig

NT T NT T
L* 65.5+0.30 69.8+0.21 55.3+0.3071.4+0.25
a* -0.82+0.12 -1.55%0.02 2.84 +0.18 -2.18 +0.04
b* 56.4 + 0.67 5.30+0.09 59.4+0.486.74+£0.16
AE* 51.3+0.57 55.3 £+0.31

All values given are means of 12 determinations. MbR-treated oil; T, oil treated in Rancimat a® 2@ for 48 h with an air flow of 15 I/h.

Absorptivity of Allig seed oil at 232 nm showed significant change during the induction periodhia Rancimat.
However, values increased after the oxidation itidndime (~33 h) due to the increased formatioonmfjugated
dienes. Absorptivity at 232 nm of Deglet Nour se#ddncreased and reached that of Allig seed déraf15 h in
Rancimat, and then it remained practically constafinally increased considerably after 48 htie Rancimat.

The primary products of oxidation are not stabldarheating and then their degradation could prertit¢ formation
of secondary product of oxidation that absorb aua70 nm (Vieira & Regitano-d'Arce, 2001). Figc)lshows that
specific extinction at 270 nm does not practicalhange during 30 h. It can be seen clearly thairsksry compounds
of oxidation were not detected before reachingotkidation induction time for the two studied cudtre. This could
also confirm that date seed oils have a good eegistagainst heating.
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Fig. 1. Changes in viscosity (a) and in absorbtivity 322xm (b) and at 270 nm (c) during Rancimat treatime
of date seed oilsc Deglet Nour, &) Allig.
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3.2.5. Thermal behaviour

The DSC melting curves of date seed oils durindihgan the Rancimat are presented in Fig. 2. Atitiitial time,
Deglet Nour and Allig seed oils showed a simpleri@gram with a single peak (Beshstsal, 2004). Rancimat
treatment caused some modifications of their thepraperties. In fact, for both date seed oilsightemperature
melting peak (HTMP) appeared after the correspangiduction period. Then, the HTMP disappeareds Tas
clearly shown for Allig seed oil which was more pecto oxidation.
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Fig. 2. Melting thermograms of date seed oil samples different Rancimat treatment time (0-48 h). (a)
Deglet Nour, (b) Allig, * according to Besbes et(@004).
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Thus, after the induction period, date seed oilntteggrams presented two distinct peaks: a low teaips melting
peak (LTMP) and a high temperature melting peakNIFJ. This latter peak was more and more differeatias the
Rancimat treatment time increased. The presenteoodiistinct peaks may be due to the appearanaesetond
polymorphic form. This hypothesis is supported iy fact that the oxidized product extracted froratée sunflower
oil did not show any thermal transitions in theesttd temperature range (Gloria & Aguilera, 19@8)microwave
heated oil, the oxidation products such as polarpmunds, hydroperoxydes, aldehydes, dimers andrast/may
disturb the rearrangement of different polymorgbign in oils (Tan, Che Man, Jinap, & Yussof, 2002).

It is worthy to note that the total melting enthaipas less changed during the induction period |€Tdl As the
heating duration goes beyond the oxidation inductime, the total melting enthalpy decreased. Emestrends were
observed for viscosity and absorbtivity. The fimalting enthalpy (after 48 h) was lower for Alligltivar, confirming
its higher oxidation sensitivity. In their studyajrn oil, palm olein and soybean oil, Tan and ®taa (1999) reported
that as the time of heating (at 180 °C) increaspdtallization enthalpy decreased dramaticallyai@es in thermal
properties of heated oil may be attributed to tisappearance of unsaturated triglycerides andattmedtion of
oxidation products (Tan & Che Man, 1999).

It has been also reported that the formation odlatidn products that do not crystallise in the soagtemperature
range was responsible for the reduction in enthafyrystallisation with frying time (Gloria & Agléra, 1998). The
reduction in the enthalpy of crystallisation witlgihg time was attributed to the formation of detgion products that
do not crystallize in the scanning temperatureruate Consequently, the decrease in melting enyhaliserved for date
seed oil (Table 4) may be explained by the progrestisappearance of triglycerides groups and dhedtion of
degradation products having a melting domain lalvan the scanning temperature range.
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Table 4. Melting enthalpies (J/g) of date seed oil samplith different Rancimat treatment tife

Time (h) M elting enthalpies (J/g)

Deglet Nour Allig
02 67.5+0.72 71.9+0.08
15 64.0 + 0.52 69.0+1.17
20 63.8+1.78 59.3+2.12
37 53.7 + 2.66 51.4+1.45
48 53.5+0.23 39.8+1.13

All values given are the mean of three determimatio
2According to Besbest al (2004).

4. CONCLUSIONS

The two studied date seed oils presented high taitatability and a considerable total phenol eotd. Results show
that both date seed oils studied could resist taktmeatments that may be applied during fryingalkéing conditions or
during refining processes. Date seed oils weratadi to thermal treatment during a long period¥48 h) regarding
the high stability of some of their quality parasrst So, we could predict that they may have a gbetf-life and then
could be stored safely during a long period. Tlyjsdthesis will be supported by the study of thedwibur of date
seeds oils during storage at ambient temperature.

Acknowledgement

Authors thank Mr. Hammami Mohamed, responsible@.C.R. spectrometry, for chromatographic analysis

References

Abou Zied, A. A., & Baghlef, A. O. (1983). Utilizan of date seeds and cheese whey in producticiiraf acid byCandida lipolytica. Agricultural
Wastes, 8131-142.

Abou Zied, A. A., Abderrahman, N., & Baghlef, A. 1991). The formation of oxytetracycline in datmtmediumBioresource Technology, 37,
179-184.

Abou Zied, A. A., & Khoja, S. M. (1993). Utilizatioof dates in the fermentative formation of ciaid byCandida lipolytica. Zentral Microbiology,
148,213-221.

Almana, H. A., & Mahmoud, R. M. (1994). Palm da¢ed as an alternative source of dietary fiber idBaread Ecology of Food and Nutrition, 32,
261-270.

Al-Hooti, S., Sidhu, J. S., Al-Otaibi, J., Al-AmeeH., & Qabazard, H. (1997). Processing qualityngbortant date cultivars grown in the United
Arab Emirates for jam, butter and dates-in-sydgivanve in Food Science, 135-40.

Al-Hooti, S., Sidhu, J. S., & Qabazard, H. (1998hemical composition of seeds date fruit cultivafrenited Arab Emirateslournal of Food
Science and Technology, 28l-46.

Al-Obaidi, Z. S., & Berry, D. R. (1976). Saling wpcitric acid fermentation using fermentelbate Palm Journal, 219-33.

Al-Showiman, S. S. (1990). Chemical compositiomafe palm seed®fioenix dactyliferd..) in Saudi ArabiaJournal of the Chemical Society, 12,
15-24.

Aparicio, R., Roda, L., Albi, M. A, & Gutiérrez, £1999). Effect of various compounds on virginvelbil stability measured by Rancimaburnal
of Agricultural Food Chemistry, 44150-U55.

Besbes, S., Blecker, C., Deroanne, C., Drira, N&Rttia, H. (2004). Date seeds: Chemical composiand characteristic profiles of the lipid
fraction.Food Chemistry, 8477-584.

Bracco, U., Dieffenbacher, A., & Kolarovic, L. (1B8 Frying performance of palm oil liquid fractialournal of American Oil Chemists Society, 58,
6-12.

Caponio, F., Alloggio, V., & Gomes, T. (1999). Pbka compounds of virgin olive oil: Influence of gt@ preparation techniqguézod Chemistry,
64,203-209.

Devshony, S., Eteshola, A., & Shani, A. (1992). @bterisation and some potential application oégetlm Phoenix dactyliferd..) seeds and seeds
oil. Journal of American Qil Chemists Society, 595-597.

El-Shurafa, M. Y., Ahmed, H. S., & Abou-Naji, S. @982). Organic and inorganic constituent of daedm pit (seeds)lournal of Date Palm, 2,
275-284.

Geller, D. P., & Goodrum, J. W. (2000). Rheologyegetable oil analogs and triglyceriddsurnal of American Oil Chemist's Society, ¥¥1-114.



Published in: Food chemistry (2005), vol. 91, pgo4:76
Statut: Postprint (Author's version)

Gloria, H., & Aguilera, J. M. (1998). Assessmentloé quality of heated oils by differential scarmoalorimetryJournal of Agricultural Food
Chemistry, 461363-1368.

Gustone, F. D., Harwood, J. L., & Padley, F. B.{<BEd1986)The lipid handbookpp. 81). London: Chapman & Hall. Gutfinger, T. §19.
Polyphenols in olive virgin oilslournal of American Oil Chemists Society, 386-968.

Halbault, L., Barbé, C., Aroztegui, M., & De La TerC. (1997). Oxidative stability of semi-solidcgient mixtures with corn oil and its implication
in the degradation of vitamin Anternational Journal of Pharmaceutics, 1481,-41.

Hamada, J. S., Hashim, I. B., & Sharif, A. F. (2D0eliminary analysis and potential uses of géttein foodsFood Chemistry, 76,35-137.
Hobani, A. 1. (1998). Rheological behaviour of datater concentratedournal of Food Engineering, 3849-357.
Hsu, S. Y., & Yu, S. H. (2002). Comparisons on lHnpoil fat substitutes for low-fat kung-wargurnal of Food Engineering, 5215-220.

Hussein, A. S., Alhadrami, G. A., & Khalil, Y. HL998). The use of dates and date pits in broi&testand finisher diet®ioresource Technology,
66,219-223.

Khatchadourian, H. A., Sawaya, W. N., Khalil, J.M&ashadi, A. S. (1983). Processing of five majaun@#rabian date varieties into Dates butter
and dates in syrufRate Palm Journal, 1103-119.

Liu, H. R., & White, P. J. (1992). Oxydative statlyilof soybean oils with altered fatty acid compiasis.Journal of American Oil Chemists Society,
53,528-532.

Montedoro, G., Servilli, M., Baldioli, M., Selvaggi R., Miniati, E., & Macchioni, A. (1993). Simpknd hydrolyzable compounds in virgin olive oil.
Spectroscopic characterizations of the secoirideiivatives.Journal Agricultural Food Chemistry, 42228-2234.

Nacib, N., Nacib, A., & Bourdant, J. (1997). Usenafste products in the fermentative formation ok yeast biomass I8accharomyces
cervisiae. Bioresource Technology, 6@;71.

Nacib, N., Nacib, A., Mostefa, G,, Larbi, L., Adipii., Remmal, M.gt al.(1999). Use of date products in production ofthegshilic dairy starters
strainStreptococcus thermophilus. Bioresource Techno®gy291-295.

Ndjouenkeu, R., & Ngassoum, M. (2002). Etude comidez de la valeur en friture de quelques huilegtalesJournal of Food Engineering, 52,
121-125.

Nissiotis, M., & Tasioula-Margari, M. (2002). Chargyin antioxydant concentration of virgin olive @ilring thermal oxidatiori-ood Chemistry, 77,
371-376.

Oomah, B. D., Ladet, S., Godfrey, D. V., Liang,&Girard, B. (2000). Characteristics of raspbéRyibus idaeuk.) seed oilFood Chemistry, 69,
187-193.

Owen, R. W., Giacosa, A., Hull, W. E., Haubner, $piegelhalder, B., & Bartsh, H. (2000). The artiant/anticancer potential of phenolic
compounds isolated from olive oituropean Journal of Cancer, 36235-1247.

Papadopoulus, G., & Boskow, D. (1991). Antioxidefiéct of natural phenols on olive allournal ofAmerican Oil Chemists Society, 689-671.

Shahidi, F., & Wanasundra, U. N. (1997). Methodmegsuring oxidative rancidity in fats and oilsAnC. Akoh & D. B. Min (Eds.)Food lipids-
chemistry, nutrition and biotecnologyp. 377-396). New York: Marcel Dekker.

Salvador, M. D., Aranda, F., Gomez-Alonso, S.,&f&Eane, G. (2001). Cornicabra virgin olive oil: Ady of five crop seasons. Composition, quality
and oxidative stabilityfrood Chemistry, 7467-274.

Stevenson, S. G, Vaisey-Genser, M., & Eskin, N(1884). Quality control in the use of deep frymits. Journal of American Oil Chemists Society,
61,1102-1108.

Tan, C. P,, & Che Man, Y. B. (1999). Differentiabsining calorimetric analysis for monitoring thédation of heated oild&zood Chemistry, 67,77-
184.

Tan, C. P., Che Man, Y. B., Jinap, S., & Yussof, 3MA. (2002). Effects of microwave heating on gulity characteristics and thermal properties of
RBD palm oleinlnnovative Food Science & Emerging Technologie$53;163.

Tuck, K. L., & Hayball, P. J. (2002). Major phermtompounds in olive oil: Metabolism and healtleef§.Journal of Nutritional Biochemistry, 13,
636-644.

Vieira, T. M. F. S., & Regitano d'Arce, M. A. B.q@1). Canola oil thermal oxidation during oven sl microwave heatingebensmittel-
Wissenschaft und Technologie, 345-221.

Youssif, A. K., Abou Ali, M., & Bou Idreese, A. (B®). Processing, evaluation and storability of detéy. Journal of Food Science and Technology,
27,264-267.

Youssif, A. K., Alghamdi, A. S., Hamad, A., & Mu$taA. |. (1996). Processing and evaluation of & qlaice - milk drink.Egyptian Journal of
Dairy Science, 2477-288.

Youssif, A. K., & Alghamdi, A. S. (1999). Suitahiliof some date cultivars for jelly mackintpurnal of Food Science and Technology, 865-518.



