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Abstract: This present study aims to separate the electrochemical response of the components
of long chain polyunsaturated fatty acids (PUFAs) using electrochemical technics based on
square wave voltammetry. The proposed method is based on the saponification of PUFAs
followed by double liquid-liquid extraction using omega-3 dietary supplement as a source of
PUFAs. Results showed the detection of two well-defined response peaks for omega-3
components respectively, at 1.1 and 1.42 V versus saturated calomel. The method can
successfully applied to electrochemical determination of PUFAs in natural oil and dietary
supplement.
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Introduction

The oil extracted from a natural material is a mixture of different lipid compounds as free fatty acids,
glycerides, phospholipids, sterols, pigments or tocopherols, and, sometimes, toxics such as heavy metals'. From
a nutritional point of view, the polyunsaturated fatty acids, especially omega-3, are essential in human nutrition
since they play an important role in the organism and prevent several diseases’. The various health benefits of
consuming omega-3 (n-3, PUFAs), particularly eicosapentaenoic acid (20:5 n-3; EPA) and docosahexaenoic
acid (22:6 n-3; DHA), have been widely reported®®. The evidence that they have a positive effect on the
cardiovascular system by lowering cholesterol level’ ', but these FA are not synthesized by humans and must
be provided in the diet'*. The nature provides a different source rich in n-3 PUFA acids for the human nutrition.
Unfortunately, this PUFA are highly susceptible to lipid oxidation. Lipid oxidation of fish oil and other PUFA-
rich foods is a serious problem that often leads to loss of shelf-life, consumer acceptability, functionality,
nutritional value, and safety'”. Protection against oxidation of omega-3 PUFA concentrates is always necessary,
one of the most common methods to prevent oil oxidation and improve oil stability is stabilization with
antioxidants'®. The tocopherols represent one of the largest groups of natural antioxidants'’. Several methods
reported for characterization of lipid compound as tocopherols, sterols, and fatty acids of some oil samples are
based on the chromatography analysis because it allows their easy separation and quantification'®**. The study
of fatty acids is considered essential for research, clinical and quality control applications. Gas chromatography
(GC) stands out among other methods of analysis of fatty acids, but this methodology involve long derivation
step and need the time for fatty acids analysis™>*. Consequently, the availability of rapid and effective
analytical methods in this specific field is upmost importance for both scientific and industrial communities.
Recently, an electrochemical method has been considered as an alternative methods used to characterize a range
of bioactives substance. A few researchers™>° employed electrochemical techniques for studying the
components of oils. Reviewing the literature revealed that there is no study concerning the characterization of
fatty acids from oils samples at simple electrode e.g., glassy carbon. Using electrochemical analysis implies
several advantages (short times, not expensive), but also some drawbacks, especially, masking phenomena,
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which is a serious problem that often leads to disappears of peaks. Since it cannot obtain any results with
tocopherols-rich oils, a prior step of hydrolysation or saponification, as developed in the present study, is
necessary. The saponification, removing the tocopherol and other non-saponifiable lipids present in the samples
was developed for total fatty acids analysis®’. Furthermore, the combination of analysis with a previous
saponification, would lead to a highly accurate method for fatty acids analysis. Thus, the present investigation
was aimed to evaluate the effectiveness of the saponification step method for the characterization of
polyunsaturated fatty acids obtained from sample rich in omega-3 PUFA and vitamin E as food ingredient
capsule of fish oil by square wave voltammetry.
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Figure 1. Molecular Structure of Omega-3 PUFA components.

Experimental
Reagents

Dietary complement of fish oil rich in omega-3 was supplied by Vitarmonyl laboratory, France. Each
capsule contained 400 mg of omega-3 (218 mg EPA and 145 mg DHA) and 10 mg natural vitamin E.
Petroleum ether, toluene, concentrated sulfuric acid (96-98%), sodium sulfate anhydrous (Na,SO,) were
purchased from Biochem Chemopharma Co (Canada). Potassium hydroxide (KOH) was purchased from
Biochem Chemopharma Co (United Kingdom). Absolute ethanol (> 99.8%) was purchased from Sigma—
Aldrich GmbH (Sternheim, Germany). All solvents and reagents were of analytical grade.

Fatty acids extraction method

Oil sample (2 g) was saponified in 25 mL of 2 M KOH in Ethanol. The mixture was agitated under
reflux and kept in a water bath at 80°C for 1 h. After reaction is performed, the mixture was poured into a
separating funnel and 25 mL of distillated water and 50 mL of petroleum ether were added. The final biphasic
system is allowed to separate into two layers and the petroleum ether phase (upper phase), which contain the
non-saponifiable matter, was drained off into an Erlenmeyer flask. For complete unsaponifiable components
extraction, the procedure was repeated until the organic layer becomes colorless after which the aqueous soap
solution phase obtained above was acidified with concentrated sulfuric acid until obtaining an amorphous
product of the fatty acid. The free fatty acids was extracted with petroleum ether, then the petroleum ether
fractions were washed with distilled water and dried over anhydrous sodium sulfate, shaken thoroughly to
remove the residual water and decanted into a rounded-bottom flask through a filter paper. The petroleum ether
was evaporated at 40°C, using a rotary evaporator to acquire the lipid and then weighed. All samples were
protected from direct light and stored in glass vials until analysis.

Instrumentation and methods

Measurements were performed in electrochemical cell containing a glassy-carbon working electrode, a
Pt wire counter electrode and an Hg/Hg,Cl, reference electrode. SWV experiments were carried out using a
PGZ402 potentiostat, Voltalab 80 (radiometer analytical SAS) with VoltaMaster4 software. All square-wave
voltammograms were obtained by using a frequency of 1 Hz, a pulse height (Esw) of 50 mV, and a potential
step increment (A Esc) of 15 mV. The potential was swept in direct scanning mode starting from 0 to +1500
mV.
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Preparation of solutions:
A. Supporting electrolyte:

The background electrolyte consisted of 0.1 M sulfuric acid in EtOH/toluene (1:1, v/v) solvent mixture.
B. Saponifiable solution

Omega-3 solution was prepared by adding 1 mL of EtOH/toluene (1:1, v/v) solvent mixture to oil
obtained after saponification and double extraction.

C. Unsaponifiable solution

Vitamin E solution was prepared by adding 1 mL of EtOH/toluene (1:1, v/v) solvent mixture to oil
obtained after saponification and one extraction.

Experimental procedure:

The general procedure used for electrochemical measurements was as follows: a 25 ml aliquot of the
supporting electrolyte was transferred into a clean dry cell. After obtaining a voltammogram of the background
electrolyte, the required volume of the prepared solution of the analyte was added by a micropipette. After a
stirring period of 30 s, square wave voltammograms were recorded at a scan rate of 15 mV s™.

Results and Discussion

Typical cyclic voltammogram for omega-3 PUFA solution in EtOH/toluene solvent mixture containing
0.1 M sulfuric acid are shown in Figure 2. Before elimination of vitamin E the voltamogram shows only one
well-defined peak at 0.54 V versus Hg/Hg,Cl,. After removal of vitamin E, the obtained voltammogram shows
two well-defined peaks which characterize two electrode steps of omega-3 PUFA electro-oxidation at 1.1 V and
1.42 V respectively. These two picks can be attributed to EPA and DHA respectively.

di (mA/cm®)10®

Figure 2. Square wave voltammograms of omega-3 PUFA before removal of vitamin E (dotted line) and
after removal of vitamin E (full line).

In order to study the influence of vitamin E on the peaks separation of omega-3 PUFA components, a
series of voltammograms were obtained in the absence and in the presence of gradually concentration addition
of vitamin E. Figure 3 shows the gradually appearance of the pick at 0.64 V. this peak can be attributed to
vitamin E which initially appear at 0.54 V, this anodic shift can be explain by the increase in the resistance of
the solution due to addition of vitamin E.

In this paper, a sensitive, reproducible, and faster determination of long chain polyunsaturated fatty
acids components present in oil rich with vitamin E using square wave voltammetry technics was presented.
The separation of the electrochemical response was achieved by a saponification procedure of the sample before
electrochemical analysis.
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Figure 3. Square wave voltammograms of 350 pL. omega-3 PUFA in the absence of tocopherol (a) and
presence of 100 pL (b), 200 nL (c¢), 300 pL tocopherol (d).
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