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ABSTRACT

In this work, we performed a detailed theoreticalistural and energetic study of the majority tiyéglycerols
(TAGSs) contained in olive ail, their trans isomeairsd the fatty acids composing them in order todvathderstand
the chromatographic analysis. The geometries oftadl studied structures, their relative equilibrilenergies and
their harmonic frequencies were determined. We iedriout energy calculations by DFT method (B3LYP/6-
31+G(d)) for fatty acids. We conducted semi emalr@alculations (AM1) for larger triacylglycerol necules. We
showed that trans fatty acids are more stable tbianones. We also showed that triacylglycerols mmégt in two
possible shapes. For the TAGs that contain the saomber of atoms, we compared the relative equilibr
energies and we showed that when the degree ofuratian increases, the triacylglycerol becomeslsgble. The
structural and energetic properties obtained in auork are a first step to understand the HPLC pheeoon
because they enable us to determine all the netrgemtetical parameters to correlate with the retenttime of
TAGs in HPLC.

Keywords: Triacylglycerols, Fatty acids, Olive oil, Theoretiégnvestigation, Semi empirical calculation, Stural
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INTRODUCTION

As all vegetable oils, olive oil is mainly composed triacylglycerols. The content of triacylglycésoor
triglycerides (TAGs) in oils is widely used in imrgtty as marker of quality to control their purityl]|
Triacylglycerols are composed of a glycerol moleculhose the three alcohol functions are esterifigdhree
similar or different fatty acids. The TAGs propesdiare related to the fatty acid nature and thesgitions in the
TAG structure. They depend on the unsaturationekeghe configuration, the geometric isomerism thiedlength
of the carbon chain of every fatty acid.

Among several chromatographic methods used today aftalyzing TAG, the high performance liquid
chromatography HPLC is mainly used [2-10]. The TAGsalysis by Non Aqueous RP-LC are usually caroigdat
room temperature [11-19]. There are various detediypes used in this method like the refractivdein detector
and mainly the light scattering evaporative detectELSD [4]. More recently, the use of mass specttoy in
coupling with HPLC becomes also widely used. Thethad (HPLC-MS) provides information on the struesuof
triacylglycerols [3, 21-25]. The identification tfe peaks observed in the HPLC spectra is a coatpticchallenge
to solve, especially for triacylglycerols having thame partition number [25-26].
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So, in order to better understand and interpretttematographic behavior of TAG in NARP-LC, we danted a
structural and energetic theoretical study of taeous more encountered triacylglycerols obserwediBLC and
the fatty acids which compose them. We also stuthiet corresponding trans isomers. The structilatd obtained
in our work allow us to determinate all the theimadt properties needed to explain the retentioretiofi each
triacylglycerol.

EXPERIMENTAL SECTION

We optimized the geometries of the different faittyds classically involved in the majority triaciglgerols. Then,
we used them to determine the stable structuréiseovarious triglycerides in order to compare th&me stability
of each molecule was verified by harmonic frequenajculations. We also determined the theoretio&hred
spectra of all the studied molecules, for compath@m to the previous published results when ieftadetection
was used for this type of analysis [20] In addifiove calculated the relative ground state enevgpdth fatty acids
and triacylglycerols. Because of the huge sizeoafesmolecular systems, we conducted semi empuaallations
using the AM1 method as implemented in GAUSSIANORvgare.

For the fatty acids, energy calculations were cetetl using the Density Functional Theory (DFT) roettas
implemented in the software GAUSSIAN09. On AM1 aptied structures, we performed DFT energy calauasti
using the B3LYP functional and the 6-31+G(d) bastt in order to compare the results found using AM1
calculations with those found by use of DFT method.

RESULTSAND DISCUSSION

The most abundant triacylglycerols contained imeobil are respectively: OLL, PLL, OOL, POL, PPLOO, SOL,
POO, PPO and SOO [27]. They are ordered accordintheir retention time [27]. These triacylglycerase
composed of four fatty acids: Oleic acid O, Linolecid L, Stearic acid S and Palmitic acid P. Tiasstarted our
investigation by studying the fatty acids whichnfothe majority TAGs contained in olive oil.

1) Fatty acids contained in the main triacylglycerols

We optimized the geometries of the four fatty acdsposing the majority TAGs and one of their Trassmer
using the semi empirical AM1 method. The relatiegiiBbrium energies of the different fatty aciddatdated at
AM1 and B3LYP/6-31+G(d)//AM1 levels are presentaddble 1.

Table 1: Fatty acid relative energies calculated by AM 1 and DFT methods (eV):
Fatty acid systematic name AM1energy (eV) | B3LYP/6-31+G(d)//AM 1 energy (eV)

Palmitic P hexadecanoic -8.602 -21210.771

Stearic S octadecanoic -9.197 -23350.319

Oleic O cis-9-octadecenoic -7.928 -23316.763
ElaidicE trans-9-octadecenoic -7.952 -23316.869

Linoleic L cis, cis-9,12-octadecadienoic -6.654 -23283.187
LinoelaidicL | trans, trans-9,12-octadecadienagic -6.701 -23283.401

The different optimized structures of the 6 fattyda are plotted in figure 1. Observing this figuve note that the
saturated acids (P and S) and the trans mono dpdipsaturated acid ( E and Le), have a linearctire while the
cis mono and poly-unsaturated acids (O and L) lsaVeshape with an angle equal to 134.2° for thedGleid and
an angle equal to 97.5° for the Linoleic acid. Visoanote that the number of atoms in the studiédisas close. It
ranges from 16 to 18 atoms by molecule. The Stearid has the highest number of atoms (18). lktive
equilibrium energy is the lowest either calculabydAM1 or DFT method (tablel). The Palmitic acicstanly 16
atoms, it is the smallest molecule and it has thbdst DFT relative equilibrium energy.
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Figure 1: Studied fatty acidsand their relative energies calculated by AM 1 method (V)
a) Palmitic acid, b) Stearic acid, c) Oleic acid,Haidic acid, e) Linoleic acid and f) Linoelaidacid.
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Comparing the equilibrium energies calculated bylAiM DFT methods of the Elaidic acid E and the ©#aid O
(table 1), we note that the Oleic acid has the dgglenergy in both cases. Thus the trans isomsrriore stable
than the cis isomer O. Also, when we compare theggies of the trans isomer Linoelaidic Le and ¢teisomer
Linoleic L calculated by AM1 and DFT methods (tdblewe note that the trans isomer has lower enthgy the
cis one so Le is more stable than L. Even if tiaomers are more stable than cis ones, generallfatty acids that
occur naturally have a cis. configuration Trans fate found in industrial foods after the thermehtment of oils.

In addition, cis fatty acids and triglycerides puodd from them do not solidify as readily as tréatsy acids and
their corresponding triglycerides.

2) Magjority triacylglycerols

The triacylglycerols contained in olive oil are rmtly well separated by NARP-LC. The first oneditected at
about 6.44 min with a retention factor equal to @able?2). It is the homogeneous triacylglycerahposed by three
Linoleic acids LLL. The majority TAG in olive oilra later detected in the range 8.47 - 21.40 miteiiteon factors
range: 5.6-16) (table2). In order to rationalize tetention order of TAG several properties needet@etermined.
So we carried out a structural and energetic inyatson of these molecules as well as their comadmg trans
isomers. We also studied the first detected TAGL{L&Nd its trans isomer (LeLeLe) in order to congpwith the

majority TAG. The structural data enable us toalkthe theoretical properties needed to correlatie the retention
time.

Table2: The majority detected Triglycerides, their relative theor etical energies (V) and their retention time by HPLC
TAGs: AM1 energy (eV): tr (min) [27]
LLL -18.3111 6.44
OLL -19.6323 8.47
PLL -20.2555 9.11
OOL -20.8826 11.3
POL -21.6124 12.16
PPL -22.2032 13.09
000 -22.1579 15.23
SOL -22.1719 15.78
POO -22.8870 16.43
PPO -23.5572 17.80
SO0 -23.4820 21.40

In table 3, we summarize the energies of all thdist triacylglycerols (majority TAGs : LLL, POP @&iPLP and
their trans isomers LeLelLe, PEP and PLeP). We iiledshem according to their number of atoms ahelirt
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number of electrons. Observing table 3 we note tifaais isomers are always less energetic tharsemeérs. Thus
they are the most stable.

Table3: Therdative energiesof all the studied triglycerides, their number of atoms and their number of electrons
Number of atoms: Triglyceride: Number of electrons: Relative energy (eV):

SO0 -23.482

169 SEE 496 -23.510
000 -22.158

EEE -22.283

167 SOL 494 -22.172
SELe -22.263

OOL -20.883

165 EELe 492 -21.036
OLL -19.632

163 ElLelLe 490 -19.757
POO 480 -22.887

PEE -22.907

LLL -18.311

161 LelLele 488 -18.464
POL 478 -21.612

PELe -21.687

PLL -20.255

PlLeLe 476 -20.357

POP -23.481

159 PEP 466 -23.504
PPO -23.557

PPE -23.581

PLP -22.206

PLeP -22.257

157 PPL 464 -22.203
PPLe -22.254

For triacylglycerols having the same number of aome note that the TAGs which have the lowest remaf
electrons or the lowest degree of unsaturatiortteranost stable ones (POP is more stable than POQ is more
stable than OLL and POL is more stable than LLL).

Comparing the regioisomers of TAGs which have thmes electron number, PPO is more stable than PGB wh
PLP is more stable than PPL. The energy gap islstha equal to 0.003 eV for PPO and POP and kmu@.076
eV for PLP and PPL. Such pairs of regioisomers é8iGTare very difficult to separate. In the experirtan
conditions used in the present work they are npaisged. Concerning the pairs SOL/OOO SELe/EEE twhave
the same number of atoms and electrons, their m3eage so close. Concerning the pair with ciyfatid isomers
isomer SOL is less energetic than OOO while thewittetrans fatty acid isomers EEE is less enecgétin SELe.

We present in figure 2 the structures of all thelgd triacylglycerols. We note the existence af prossible shapes.
A first shape in which the three fragments are sgdcom each other and a second shape in whicHragments
are very close (almost parallel) and the third torens with them a very large angle of about 120tmarre. Ten
triacylglycerols have the second shape (OOL, ERX@Q, EEE, PEE, SEE, SOL, SELe, PPO, PPE) whilether
16 ones have the first spaced shape.

The different angles between the fragments compgatia triglycerides are mentioned in figure 2. Canipg the
angles between the close fragments in the TAGshatvie second shape, we note that OOL has thestaaggle
(20.121°) while EELe has the smallest one (11.90Bfg gap between these angles is equal to 8. 2180 and
EEE also have different angles between their diegaments with a gap equal to 7.529°. The strustofe®PO and
PPE are very close, they have close angles betihe&rparallel fragments, the gap is equal to 02002

Twenty-six triacylglycerols are studied in our workll the studied structures are found not coplarigach
triacylglycerol is composed by two planes, thetfose is composed by two fragments and the secoadtontains
the third fragment. The number of atoms of triatdgrols ranges between 157 and 169 atoms andutimber of
electrons ranges between 464 and 496 electronssrhhabiest majority triglyceride contained in olig# is PPL. It
has 157 atoms and 464 electrons. While the largagirity triglyceride is SOO with 169 atoms and 49éctrons.
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Figure 2: Optimized structuresof all the studied Triglycerides
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Observing figure 2, we also note that the cis issna@d their corresponding trans ones have the shape except
for POO and SOO. In fact, POO and SOO have thedjpaced shape, the angles between their fragmamies

between 79° and 197°. While their trans isomer<€E BRd SEE, have the second shape in which two &atgrare

very close. The angles between their close fragsremat respectively: 13.868° and 13.641°.

Concerning the triacylglycerols which have spadedctures, they have generally one angle betweérae® 87°, a
second one between 98° and 131° and a third ahgteadanges between 141° and 196°. POO has thestaaggle
(196,563°) and ELeLe has the smallest one (65.884°)

CONCLUSION

We conducted a theoretical structural and energetiestigation of the various TAGs contained invelioil and
observed by HPLC and the fatty acids which compbsen [27]. We optimized the geometries of the défe
molecular systems and we determined their equilibrenergies. We conducted semi empirical calculati@®M1)
because of the huge size of triacylglycerols.

For the fatty acids we carried out energy calcatetiby DFT method (B3LYP/6-31+G(d)). We showed tnans
fatty acids are more stable than cis ones.

We compared the structures of the different triglyglerols and we showed that they may exist in pegsible
shapes. We also compared the different angles kattfe three fragments of each triacylglycerol. ther TAGs
that contain the same number of atoms, we compgheettlative equilibrium energies and we showed ween the
degree of unsaturation increases, the triacylgbldeecomes less stable.

The structural and energetic data obtained in arkware a first step to understand the HPLC phemoameln fact,
these structural information enable us to deternalhethe needed theoretical parameters to correlatie the
retention time in HPLC methods.
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