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Abstract: A sample preparation method based on the simultaneous microwave-
assisted extraction—esterification (SMAEE) was developed for the determi-
nation of the fatty acid composition of foodstuffs by gas chromatography—mass
spectrometry. The proposed sample preparation method was validated by com-
parison with the reference Soxhlet extraction method followed by derivati-
sation by ester formation and the same determination step. The fatty acid com-
positions and the extraction efficiencies obtained using the proposed SMAEE
method and the reference method were statistically similar. The results showed
that compared to the conventional method, the SMAEE method offered the ad-
vantages of short sample preparation time, low consumption of expensive or-
ganic solvents and lower energy consumption. This good agreement between
results provided by both the SMAEE and the reference method demonstrates
the usefulness of the former as a routine method for the treatment of food
samples prior to trans fatty analysis.

Keywords:. trans fatty acids; microwave-assisted extraction—esterification; gas
chromatography; mass spectrometry; foodstuffs.

INTRODUCTION

The determination of fatty acid profilesis a basic requirement in the testing
of food material as a response to the demand of consumers for improved fat qua-
lity in food.1 Moreover, interest in dietary fat has grown in the last years due to
trans fatty acids (TFA), which are produced in the hydrogenation process that so-
lidifies liquid oils.2 Their consumption has been associated with an increase in
serum cholesterol levels and the risk of cardiovascular heart diseases. Parallel to
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804 KRAVIC et al.

this, other researchers have reported that trans fatty acids decrease the serum le-
vels of the high-density lipoprotein cholesterol .35

These concerns moved Food and Agriculture, and the World Health Orga-
nization to recommend that fats for human consumption should contain less than
4 % of the total fats as trans and urged the food industry to reduce the presence
of trans fats in their products to these levels. The Food and Drug Administration
also decreed that by 1 January, 2006, manufacturers must itemize the trans fats
category separately from the tota fat listing. For this purpose, the FDA and Health
Canada proposed food-labelling rules that require the amount of trans fat per
serving to be given. Specifically, products that contain >0.5 g per serving would
have the asterisked footnote, “* Includes — g trans fat”.6 Thisis also a concern in
Europe, as demonstrated by the Danish legislation that established a lower con-
tent of these lipids, < 2 % (w/w), and the genera trend in the EU to include the
content of trans fatty acids on the label as a quality index.”

Methods employed to analyse the TFA in foods of natural origin or formed
during the processing of fats and oils are of two types. Methods based on infrared
spectroscopy only measure the total amount of TFA in asample, while separation
of the different isomers containing one or more double bonds may be achieved
only using methods based on gas liquid chromatography (GLC) or high perfor-
mance liquid chromatography (HPLC). Currently, capillary gas chromatography,
with flame ionization (FID) or mass spectroscopy (MS) detectors, is the most ap-
propriate technique for quantifying the composition of fatty acids, including trans
fatty acids.® This separation technique requires the analyte to be volatile, so
transesterification to fatty acid methyl esters (FAMES) is usually performed.

In genera, the analytical procedure for the determination of oils or fats from
food products comprises three steps: extraction of the fat, esterification and GC
analysis. Whereas the last step is completed in 30 to 60 min, extraction takes at
least several hours. It is frequently realized by the Soxhlet extraction method,
based on iterative percolation of fresh solvent, generally n-hexane.® After the ex-
traction, most of the solvent is removed in a vacuum rotary evaporator. Much work
has been performed to improve the Soxhlet extraction to decrease the operation
time and solvent use, and to eliminate the need for evaporation and concentration
at the end of the extraction.10

Microwave-assisted extraction (MAE) is a relatively novel method of ex-
tracting soluble products into a fluid from a wide range of materials using mic-
rowave energy. MAE provides a technique whereby compounds can be extracted
selectively and in a shorter time compared to those required for conventional ex-
traction methods.1! MAE supports sustainable development as it consumes less
energy than convectional extraction processes while providing in many instance
for areduction in wastes.12 Liquid-phase MAE is based on the ability of a matrix
to absorb microwave energy. This varies with the chemical nature of the species
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DETERMINATION OF trans FATTY ACIDS 805

being exposed to the microwave irradiation. Under MAE conditions, solvents are
chosen for their ability to dissolve the target compound and their relative transpa-
rency to microwaves. Chemical substances absorb microwave energy at different
levels. The parameter generally used as a measure of this physical property isthe
dielectric constant. Liquid-phase extraction using microwave energy is based on
the fact that is possible to immerse the matrix to be extracted in a solvent that is
characterized by a small dielectric constant and that is relatively transparent to
microwaves.13 The application of microwave energy as a heat source causes se-
lective heating of the matrix over the extractant. The high, localized temperature
and increase in pressure cause a selective migration of target compounds from
the material to the solvent at a faster rate and with a similar or better recovery
compared with conventional extraction methods.12

Recently, much attention has been given to the application of microwave di-
electric heating in analytical chemistry because of the reduced analysistime, sim-
plified manipulation and higher purity of the final product. Severa classes of com-
pounds, such as fats and oils, essential oils, aromas, pesticides, phenols, dioxins
and other organic compounds, have been efficiently extracted from a variety of
matrices (mainly soils, sediments, animal tissues, food or plant materials).14

The propose of this research was the development of an analytical method
for the fast extraction of fat from food with simultaneous derivatisation to FAMES,
based on the use of auxiliary energies, without extract alterations and indepen-
dent identification—quantification of fatty acids using GC-MS, including the trans
compounds. Simultaneous microwave-assisted extraction—esterification was used
and the abtained results were compared with those of the Soxhlet reference me-
thod in order to demonstrate the advantages of the proposed analysis for trans
fatty acids. On the other hand, GC-MS alows more accurate peak identification
to be achieved, fulfils present and future necessities and provides information in
relation to the quality of fat used for food elaboration.

EXPERIMENTAL
Instruments

Microwave-assisted extraction was performed in a modified LG 800 W household mic-
rowave oven (China) equipped with solvent-extraction equipment. The household microwave
oven had to be modified in order to enable connection of an upright reflux condenser located
outside the oven with the extraction flask located inside the oven. A hole of 30 mm diameter
was drilled at the oven top and 80 mm of the bottom end of an Allihn condenser was passed
through the hole and connected to the extraction vessel located in the microwave irradiation
zone. Tap water was used as the cooling fluid. A Petri dish (external dimensions: 190 mm
diameter, 45 mm high) was placed upside down instead of a rotation plate in order to €li-
minate rotation of the extraction vessel coupled with condenser during the microwave-assisted
extraction process. Polystyrene positioned on the Petri dish was used as a holder for the ex-
traction flask.
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806 KRAVIC et al.

A rotary-evaporator (Rotavapor-R, Biichi) was used to evaporate the solvent after
Soxhlet extraction.

A Hewlett-Packard HP 5890 gas chromatograph coupled to a HP 5971A quadrupole
mass spectrometer equipped with an SP-2560 fused silica capillary column (100 mx0.25 mm,
0.20 um) coated with highly polar biscyanopropyl polysiloxane liquid phase, provided by
Supelco (Bellefonte, PA, USA), was used for the specific analysis of the trans fatty acids in
the extracts.

Reagents and samples

A multi-standard from Supelco (Cat. No. 47885-U, Bellefonte, PA, USA) containing the
methy| esters of 37 fatty acids was used to confirm the retention times and mass spectra for
peak identification, as well as to confirm that the peak areas reflected the actual composition
of these mixtures. The reagents used were methanol, potassium hydroxide, hydrochloric acid
and n-hexane. All reagents were of analytical grade purity.

Eleven food items, all commercial, were used in this study. The samples included dif-
ferent bakery and confectionary products, such as caramel, crackers, chocolates, croissant
with filling, cookies and biscuits, as these products mainly contain trans fats.

Procedures

All the steps involved in the overall analysis, namely, extraction, derivatisation and se-
paration/determination, are described in this section. In all instances, three replicates were
made for each sample.

Soxhlet extraction reference method.1> A homogenized sample (5 g) was weighed into a
cellulose extraction cartridge and the Soxhlet apparatus containing the cartridge was fitted to a
distillation flask containing 150 ml of n-hexane and a few anti-bumping granules. The sam-
ples were extracted for 220 min (3040 cycleg/h). After extraction, the solvent was removed
using avacuum rotary evaporator. The total time required was approximately 4 h.

Microwave-assisted extraction. A sample (1.5 g) and 5 ml of n-hexane were placed into
the extraction flask placed in the microwave oven equipped with an Allihn condenser and
irradiated for 5 min at a fixed power of 800 W. After phase separation, a 2.4 cm? aliquot of
the extract was taken for further preparation of the fatty acid methyl esters.

Smultaneous microwave-assisted extraction—esterification. A sample (1.5 g), 5 ml of
n-hexane and 1.2 ml of 2.0 mol/dm3 methanolic potassium hydroxide solution were placed
into the extraction flask placed in the microwave oven furnished with an Allihn condenser.
After leaching (5 min of microwave irradiation at 800 W), 2.4 ml of 1.0 mol/dm3 HCl was
added and gently stirred. After phase separation, the upper phase containing the fatty acid
methy! esters was decanted off and finally a 1.0 ul aliquot was used for GC-MS analysis. The
total time required was approximately 15 min.

Preparation of fatty acid methyl esters. After Soxhlet extraction, approximately 150 mg
of fat extract was put into a test tube and dissolved in 2.4 cmd of n-hexane, while after mic-
rowave-assisted extraction, an aliquot of 2.4 cm® of n-hexane phase was taken. Further, the
extracts were treated in the same way. An aiquot (0.60 cm3) of 2.0 mol/dm3 methanolic KOH
solution was added. The tube was capped and vigorously shaken for 20 s and allowed to boil
for one minute in water bath at 70 °C. After 20 s of shaking, 1.2 cm3 of 1.0 mol/dm?3 HCI was
added and gently stirred. After phase separation, 3 cm? of n-hexane was added and the upper
phase containing the fatty acid methyl esters was decanted and dissolved in n-hexane to 5.0
cm?. Finally, 1.0 pl of the thus-obtained solution was injected into the GC-MS.
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DETERMINATION OF trans FATTY ACIDS 807

Gas chromatography—mass spectrometry analyses

Helium at a constant flow rate of 0.58 cm3/min was used as carrier gas for the GC-MS
analysis of the FAME extracts. The following temperature program was used: injector tem-
perature 230 °C, initial column temperature 100 °C (held 5 min), temperature ramp 10 °C/min
to 240 °C and held at this temperature for 10 min. The total run time was 30 min. The in-
jection was performed manually, volume 1.0 ul, with a split ratio 1:80.

The mass spectrometer was operated in the electron ionization mode with a quadrupole
temperature of 180 °C. Data acquisition was realised in the scan mode (range 40400 m/z).
The instrument was tuned daily by operating the software programs (Autotune) using per-
fluorotributylamine (PFTBA) as the calibration substance. Mass spectrometer parameters
were adjusted so that the masses 69, 219, and 502 and their respective isotopes met the target
mass — intensity criteria.

The fatty acids were identified by comparing their retention times and mass spectral data
to the mass spectral data obtained by analysis of standard fatty acid methyl esters solution
under the same conditions. A commercial database of mass spectra“Wiley” was also used.

The response factor, mean of five injection of the standard solution for each fatty acid
methyl ester present in the calibration standard solution, was calculated related to palmitic
acid according to Eq. (1):

_ My, Aso
Mg
where my; is the mass % of FAME; in the calibration standard solution; Ay the peak area of
16:0 in the calibration standard solution chromatogram; mye.q the mass % of 16:0 in the ca-
libration standard solution; Ag; the peak area of FAME; in the calibration standard solution.

The content of each fatty acid expressed by mass percentage was calculated according to
relation (2):

R D

100ﬂ 2
2RA
where R, is the response factor for each fatty acid and A; the peak area of the fatty acid methyl
ester in the sample solution.

RESULTS AND DISCUSSION

Different microwave-assisted extraction methods have already been pro-
posed for the extraction of the total fat content from a variety matrices, such as
food,%14 cocoa powder and cocoa nibs,11 seedsl® and poultry feeds.1’ MAE has
also been suggested for the determination of the fatty acids profile.”.818,19
However, the applicability of the ssimultaneous microwave-assisted extraction—es-
terification method for the determination of the fatty acids profile with emphasis
on transfatty acids has not been demonstrated.

Optimization of simultaneous microwave-assisted extracti on—esterification

When two-step methods are studied, it is difficult to separate the extraction
and esterification effects. For this reason, microwave-assisted extraction followed
by esterification was compared with classical Soxhlet extraction followed by es-
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808 KRAVIC et al.

terification in terms of extraction efficiency. The main factors affecting micro-
wave-assisted extraction in open vessel systems are: solvent nature, extraction
time and microwave power. The choice of solvent for MAE is dictated by the
solubility of the target analyte, by the interaction between the solvent and matrix,
and finally by the microwave absorbing properties of the solvent.20 Another im-
portant aspect is compatibility of the extracting solvent with further chroma-
tographic analytical steps.21

The effect of microwave energy is strongly dependent on the nature of both
the solvent and the solid matrix. Solvents generally used cover a wide range of
polarities, from heptane to water. The microwave-assisted extraction process may
occur by a number of mechanisms: the sample could be immersed in a single
solvent or mixture of solvents that strongly absorb the microwave energy (me-
chanism I); the sample could be extracted in a combined solvent containing sol-
vents with both high and low dielectric losses mixed in various proportions (me-
chanism I1); samples that have a high dielectric loss (e.g., with a high water con-
tent) can be extracted with a microwave transparent solvent (mechanism 111).22

It was demonstrated that lipid extraction is highly dependent on the solvent
used and, consequently, the choice of solvent is one of the most critical decision
in the determination of fat.16 Thus, the solvent used in all the extraction methods
was that proposed in the 1SO method, i.e., n-hexane.23 Considering the fact that
the main goal of this study was the development of afast sample preparation me-
thod for the determination of the fatty acid composition of foodstuffs by GC-MS,
the use of more polar solvents in the microwave-assisted extraction was rejected
to avoid differences between the compositions of the extracts and solvent ex-
change before derivatisation or the chromatographic step.

Most times, the chosen solvent for microwave-assisted extraction possesses
a high dielectric constant and strongly absorbs microwave energy, however, the
extracting selectivity and the ability of the medium to interact with microwaves
can be modulated by the use of a mixture of solvents. In some cases, as in this
study, the matrix itself interacts with the microwaves while the surrounding sol-
vent possesses a low dielectric constant and thus remains cold. This is possible
since the microwaves interact selectively with the polar water molecules natu-
raly present in foodstuffs. Localized heating leads to the expansion and rupture
of the cells, causing a rapid and selective expulsion of the fat into the relatively
cool surrounding solvent that solubilises it rapidly. With samples having a high
dielectric loss, efficient extractions can be performed using pure, microwave-
-transparent solvents (mechanism 111).22

In order to avoid extract evaporation before the derivatisation step, factors
such as the amount of solvent in contact with the sample when the microwave ir-
radiation is applied and the amount of sample were fixed to constant values. The
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DETERMINATION OF trans FATTY ACIDS 809

amounts of sample and solvent were calculated in relation to the fat content;
hence, the extract contained approximately 150 mg per 2.4 ml n-hexane.

Microwave power and irradiation time are two factors that influence each
other greatly. Preliminary experiments showed that efficient extraction could not
be achieved if the MAE process was stopped before the commencement of rapid
boiling of the extraction mixture. The microwave-assisted extraction process was
performed with the irradiation power set at 160 (minimum level), 480, 640 and
800 W (maximum level), whereby rapid boiling of the reaction mixture began at
12, 6, 4 and 1.5 min, respectively. In order to achieve an efficient extraction in
the shortest possible time, the maximal microwave power (800 W) was selected
as the optimal and used for subsequent experiments. The extraction time was
changed from 2 to 12 min, in order to determine the optimal time. The results
(Fig. 1) indicate that amount of fat extracted initially increased with increasing
extraction time, but that a plateau was reached after 5 min, the four longer ex-
tractions gave similar analytical signal.

4.5 4
4.0 4
3.5 4
3.0 4
2.5 4
2.0 4
1.5 4
1.0
0.5 4

nn
Vv

Abundance / 10°

0 2 4 6 8 10 12 14

1 / min
Fig. 1. The dependence of average analytical signal on the extraction time.

In view of these results, 5 min was selected as the optimal extraction time
and used for further experiments. The accepted optimal working conditions were
those described under “ microwave-assisted extraction” and “simultaneous micro-
wave-assi sted extraction—esterification”.

Comparison of the composition of the extract obtained by the different method

The optimal working conditions obtained for the proposed method were ap-
plied for al samples under study and the results compared with those provided
by the reference Soxhlet method in terms of extraction efficiency. The average
extraction efficiencies obtained by the three methods provided by each analyte
aregivenin Tables| and Il (Supplementary material).
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810 KRAVIC et al.

A two-tailed t-test was used to compare the means of related (paired) sam-
ples in order to evaluate if microwave-assisted extraction followed by esterifi-
cation and simultaneous microwave-assisted extraction—esterification yielded si-
milar results as Soxhlet method at the 95 % confidence level. The null hypothesis
was that both methods yielded the same results or, in other words, that the ob-
served differences between the Soxhlet and the MAE or SMAEE methods were
not significant. The calculated t-values were compared with the theoretical value
a a = 0.05 and suitable degrees of freedom. As the calculated values were small-
er than the theoretical value, the null hypothesis was accepted. This means that at
the chosen significance level, the differences between the values obtained for the
different fatty acids were within experimental error. Particularly, the standard de-
viation for all compounds ranged between 0.00 and 1.80, see Tables | and II. As
can be seen, similar extraction efficiencies were provided by both the proposed
simultaneous microwave-assisted extraction-esterification method and the Soxh-
let reference method. Furthermore, the similar extraction efficiency of trans com-
pound indicates that aterations of the double bonds did not occur. The advan-
tages of SMAEE vs. Soxhlet extraction (Table 111), such as: a drastic reduction of
both the procedure time and sample handling, 15 min vs. 4 h, and the smaller
amount of organic solvent required, make the SMAEE method an dternative
with reliable possibilities for replacing the Soxhlet method in routine analysis in
view of the imminent policy of mandatory characterisation of the fat content in
foodstuffs.

TABLE I11. Comparison of the optimal conditions of the simultaneous microwave-assisted ex-
traction—esterification (SMAEE) method with the Soxhlet reference method

Condition Soxhlet extraction SMAEE
Solvent volume, ml 150 5
Total time, min 240 15
Special Extraction 220 min (3040 cycleg/h); solvent -

evaporation: 10 min; FAMESs preparation: 10 min

CONCLUSIONS

Fatty acid analysis, with special emphasis on TFA, was performed on eleven
food samples using a very fast and effective sample preparation method — simul-
taneous microwave-assisted extraction—esterification. The proposed method was
compared with the reference method — Soxhlet extraction followed by esterifi-
cation. Gas chromatography—mass spectrometry was used for individual separa-
tion and detection. Similar extraction efficiencies were provided by both the pro-
posed SMAEE method and the Soxhlet reference method. The fatty acid compo-
sition obtained by the use of the simultaneous microwave-assisted extraction—es-
terification method and the Soxhlet reference method can be regarded as statis-
tically equivalent. The SMAEE method provides a substantial reduction in the
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DETERMINATION OF trans FATTY ACIDS 811

sample preparation time (from approximately 15 min to 4 h) with a minimal sol-
vent requirement relative to Soxhlet extraction followed by derivatisation.

The results of this study suggest that the presented SMAEE method could be
appropriate for routine quality control analysis of fatsin food products.

SUPPLEMENTARY MATERIAL

The average extraction efficiencies obtained by the three methods (Tables | and 11) are
available electronically from http://www.shd.org.rJJSCS or from the corresponding author
on request.
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M3BOJ

OJPEBUBAE trans MACHUX KHCEJIMHA Y IIPEXPAMBEHUM ITPOU3BOAVMA
TACHOM XPOMATOI'PAONJOM-MACEHOM CIIEKTPOMETPUJOM HAKOH
HNCTOBPEMEHE MUKPOTAJIACHE EKCTPAKIIMJE 1 ECTEPUOUKALINIE

CHEXXAHA KPABUR!, 3BOHUMUP CYTYPOBUR?, JAPOCJIABA ILIBAPI-TAJUR?,
30PULIA CTOJAHOBUR® 1 MUPA TTYLIAPEBUR?

! Yuueepauitieiti y Hosom Cady, Texnoaowrku pakyaitieiti, KaitieOpa 3a iipumerbere u UHMcerepcKe Xemiije,
Byaesap yapa Jlazapa 1, 21000 Hosu Cao u ’EDUCONS Ynusepsuitieid, Dakyattieii 3a 3aUHUTLY
JHusoitine cpedure, Bojsooe Iyitinuxa 66, 21202 Cpemcka Kamenuya

V OKBHpY OBOTI pajia pa3BHjeHa je MEeTO/ia 3a PHUIIPEMY y30paKa y by oapehuBama cacrapa
MAacCHUX KHCEJIMHA y MpeXpaMOCHUM MPOHM3BOJMMA FaCHOM XpOMaTOrpadijoM—MaceHOM CIICKTPO-
METPHjOM 3aCHOBAHA HA HCTOBPEMEHO] MHUKPOTATACHO] eKcTpakiuju u ectepuuranuju (SMAEE).
Banunanuja Merone je u3BeaeHa mnopelemeM ca pesyiaraTima A0OMjeHHMM TacHOM XpoMarorpa-
(bujoM—MaceHOM CIIEKTPOMETPHjOM HakKoH ekcrparmje mo Soxhlet-y u mepuBarusaimje MacHuX
KHCEJIMHA Y METWJIECTpe MacHHUX KucenuHa. Pesynraté noOHjeHHM NMPUMEHOM IpeIUIoKEeHe U pe-
(bepeHTHE MeToe OMIIM Cy CTATHCTHYKH MUCTH, KaKo y IOTJIey cacTaBa MaCHHX KHCEJIMHA, TaKo H
edukacHOCTH ekcTpakuuje. Pesynratu cy nokaszanu na cy npexnoctn SMAEE y oxHOocy Ha KOH-
BELIMOHAIHY MeTOAy cienehn: KpaTko BpeMe MpHIpeMe y30pKa, X CaMHM THM Mamba MOTPOIIba
SHepryje, Kao M ynorpeba Malux KOJMYMHA CKYIIMX OPraHCKHX pacTBapada. JoOpo cnarame pe-
3yJITata JOOUjeHUX TPUMEHOM peepeHTHE U METO/Ie 3aCHOBAaHE Ha HCTOBPEMEHO] MUKPOTAIACHO)]
SKCTpakiiju U ectepudukaimju nokasyje na o6u ce SMAEE morna nmpuMeHUTH Kao pyTHHCKA
MeTozia 3a IPHIPEMy y30paka IpexpaMOCeHHX MpOW3BoJIa Yy LJby oipehuBama trans macHHX
KHCEIIMHA.

(Ipumsbeno 17. jyma 2009, pesnaupano 15. Gpebpyapa 2010)
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