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Abstract

Phytosterols are sterols present in plant cells and studies of these molecules
suggested positive biological effects. Government agencies proposed to include
free phytosterols in foods as well as its determination in many products to
avoid adulterations by chromatography such as Gas Chromatography (GC).
Limitations and suggested alternatives for Phytosterols analysis by GC are cited
in this review article as information source for future studies.

Keywords: Phytosterol; Gas chromatography; Limitations; Alternatives

Center of Chemical, Pharmaceutical and Food Sciences,
Federal University of Pelotas, Campus Universitario
Capao do Ledo, s/n°, Prédio 32, Laboratério 412, CEP:
96010-900, Pelotas, RS, Brazil, Tel: 55 53 3275 7354;
Fax: 55 53 3275 7358; Email: andrebairros@yahoo.com.
br

Received: November 24, 2014; Accepted: December
05, 2014; Published: December 08, 2014

Introduction

Phytosterols are an important family of lipids present in plant cells
and can be classified either as 4-desmethylsterols, 4-methylsterols,
or 4,4-dimethylsterols. Sitosterol, campesterol, and stigmasterol
(4-desmethylsterols group) are found in abundance in most of the
plants. However, there are over 200 different sterol structures that
have been discovered in various plant species [1]. Phytosterols
can exist in vegetables in their free form, as esters with fatty acids,
ferulic acid, or p-coumaric acid, or as glycosides and acylatedsteryl
glycosides [2-4].

Studies have been suggested that phytosterols have anti-
inflammatory, antibacterial, antiulcerative and
antitumoral activities [5,6]. Moreover, these molecules show ability
to lower blood cholesterol [7,8]. Because of its positive biological
effects, Food and Drug Administration (FDA) and European Union
(EU) proposed to include free phytosterols in conventional foods
and established labeling guidelines. Therefore, the determination of
sterol profile in medicinal products and vegetable oils on the basis of
phytosterols is important to avoid adulterations [9-11]. So, there is an
increase interest in the analysis of these molecules [12,13].

antifungal,

In order to promote the analysis of phytosterols, chromatographic
methods are the most widely used equipment for the determination
of these molecules, mainly Gas Chromatography (GC) [10,11,14-16].
However, there are some limitations when GC is used to determinate
these types of lipids.

The goal is to present a short critical review of the limitations and
proposed alternatives for the determination of phytosterols in plants
and derived products by GC.

Phytosterols analysis by gas chromatography (GC)

Crude extract of plant and its derived products are considered
complex matrices. Saponification is a sterol transformation method

in its free form and extractive techniques based on principles of
Liquid-Liquid Extraction (LLE) and Solid Phase Extraction (SPE) are
performed to promote the extraction [17,18]. Moreover, SPE allows
purification and higher concentrations of these molecules compared
to LLE [18]. Regardless of the extraction technique, both procedures
are required for phytosterols analysis by GC.

GC is a physical separation method which allows high efficiency
analysis of different compounds based on volatilization of the
analytes and interaction between analyte and stationary phase from
capillary column, since mobile phase (carrier gas) is inert [19-21].
This equipment is an important tool in the process of detection,
identification and quantification of Phytosterols [19,20] showing a
wide range of columns for efficient and reliable analysis [21], with
standard Gas Chromatographic-Flame Ionization Detection (GC-
FID) and Gas Chromatographic-Mass Spectrometry (GC-MS).

Gas Chromatographic-Flame Ionization Detection (GC-FID) is
widely used in the analysis of phytosterols because of easy handling,
low cost and good sensitivity [15,22,23]. However, the difficulty of
the analysis of phytosterols in foods and plants requires complex
processes extractives, purifications and efficient derivatization
(if necessary) [19,20,23,24]. Furthermore, chromatographic
determination of these molecules shows some limitations such as
co elution of some compounds. This behavior can happen when a
fully nonpolar capillary column with methyl groups attached is used
as stationary phase, such as dimethylpolysiloxane (100%) or phenyl-
dimethylpolysiloxane (5%-95%). According to Laakso [23], delta-
5-avenasterol/sitostanol, campesterol/campestenol and sitosterol/
sitostanol demonstrated problematic separation with these columns.

A chromatogram developed in our laboratory used reference
standards of cholesterol, brassicasterol, ergo sterol, campesterol,
stigma sterol, beta-sitosterol and fucosterol (Sigma-Aldrich’, MO,
USA) with intention to demonstrate the coelution in these analytes by
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Figure 1: GC-FID 2010 model (Shimadzu®) in the following conditions:
Programmed Temperature Vaporizer (PTV) in direct inject mode at 250°C
using hydrogen as carrier gas and column flow in 2.04 mL/min at a constant
pressure mode. The column oven temperature program started 150°C (hold
1 min), then programmed at 10°C/min to 320 °C (hold 4 min). The total
analytical time was 22 min. Detector temperature was 320°C.

GC-FID using capillary column Elite-5 (crossbond 5% diphenyl - 95%
dimethyl polysiloxane) with 30 m x 0.25 mm x 0.25 pm film thickness.
The result is demonstrated in the Figure 1, showing coelution between
beta-sitosterol and fucosterol with this stationary phase. Different
temperature programs were evaluated and the retention time of beta-
sitosterol and fucosterol were quite close.

One alternative is the
chromatographic separation, since most phytosterols having hydroxyl
group (-OH group) can easily bederivatized by silylatingagents as N,O-
bis (trimethylsilyl) trifluoroacetamide with 1% trimethylchlorosilane
(BSTFA) or N-methyl-N-fert-butyldimethylsilyltrifluoroacetamide
with 1% tert-butyldimethylchlorosilane (MTBSTFA) [25-28]. Indeed,
an increase of sensitivity after this chemical reaction occurs due a
better volatilization of these compounds because phytosterols requires
high temperatures to perform the volatilization and consequently, its
determination by GC. However, separation of the analytes cannot
be modified because elution orders of the phytosterolsremains the
same manner after derivatization. This particular behavior happened
between beta-sitosterol and fucosterol.

derivatization step to promote

To solve this problem, columns with different chemical
characteristics are required. Columns with stationary phase with
14%cyanopropylphenil and 86% methyl polysiloxanecan are used
to promote the separation of these compounds [23]. Similarly,
it is possible to use columns of medium polarity based in 50%
phenyl and 50% methylpolysiloxane [20] or stationary phase
with 95% dimethyl-5% diphenilpolysiloxane [29]. Nevertheless,
chromatographic separation with a type of capillary column for
determinated phytosterols (ex.: beta-sitosterol and fucosterol) can
be promote coelution among other sterols, mainly complex matrices
with a mixture of these molecules.

of the phytosterols complexity,
Multidimensional Gas Chromatography (MDGC) and comprehensive
Chromatography (GCxGC) would be
interesting alternatives for chromatographic separations [30-33].
MDGC uses two columns of different polarities interconnected with a
modulator transfer, where selected bands of overlapping compounds
from conventional nonpolar column (first dimension) are passed

Because and matrices

two-dimensional Gas
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Figure 2: GC-MS QP2010 model (Shimadzu®) using capillary column RTx-
5MS (cross bond 5% diphenyl — 95% dimethylpolysiloxane) with 30m x
0.25mm x 0.25 pm film thickness in the following conditions: Split less inject
mode at 250°C using helium as carrier gas. Column flow in 1.11 mL/min
at a constant linear velocity mode. The column oven temperature program
started 150°C (hold 1 min), then programed at 10°C/min to 320 °C (hold
4 min). The total analytical time was 22 min. Transfer line was 320°C and MS
was operated by electron ionization (70 eV) in Selected lon Monitoring (SIM)
mode. lons were chosen (m/z): 414, 396 and 354 for beta-sitosterol; 314, 299
and 281 for fucosterol. Base peak are highlighted and underlined.

to a short polar column (second dimension) [34]. For GCxGC, two
columns (first dimension is a conventional column and second
dimension is a short fast type) are connected sequentially with a
modulator between them which is powered by liquid nitrogen. The
modulator functions are continuously collect small fractions from
first dimension, focus or refocus of a narrow band and quickly transfer
of fraction collected to second dimension [31]. Both techniques have
been poorly explored for determination of phytosterols. MDGC
was used to analyze of plant sterol profile from unsaponifiable lipid
fraction [30] and GCxGC was applied to evaluate phytosterols in
vegetable oil [32]. GCxGC, MDGC and traditional GC can be easily
coupled to MS, ensuring other important parameter, mass spectrum,
which allows the determination of these analytes.

In this regard, GC-MS is still considered the gold standard
equipment for  phytosterols [10,11,28,33].
Chromatographic separation problems remains if different types of
columns are not used or the equipment is not a MDGC or GCxGC.
However, mass fragmentation of each phytosterol allows selectivity

determination

of the compounds, including bands of overlapping compounds. By
selection of the ions (m/z), chromatographic peak becomes evident
and consequently, the identification of the compounds [24]. Figure
2 is a typical chromatogram produced by GC-MS in our laboratory
showing coelution between beta-sitosterol and fucosterol and the
identification of these analytes was performed based in ions of
interest.

Nevertheless, determination of phytosterols is discouraged when
these analytes shows very close retention time and similar mass
fragmentation. In this case, it is possible to identify these analytes
using other types of advanced MS (triple quadrupole, time-of-
flight and hybrids MS), avoiding different strategies with respect to
chromatographic separation [35-37].

For quantification of compounds, the most of the analysis requires
Internal Standard (IS) [21,24]. Cholesterol has been used as Internal
Standard (IS) in GC-FID for analysis of unsaponifiables compounds
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in vegetable distillate oils [38]. However, cholesterol is present in
algae sin significative levels [14] and small concentrations (less than
1%) of crude extra-virgin olive oil [39]. Cholestane (5a-cholestane),
dihydrocholesterol (5a-cholestan-3f-ol), copostranol (58 -cholestan
-3B-ol) and epicoprostranol (5 B-cholestan- 3a-ol) have been used
with success as IS for GC-FID and GC-MS [23,28,40-44]. Indeed,
deuteratedanalytes are the best option as IS for phytosterols
determination when GC-MS is available.

Conclusion

This critical review article showed limitations of GC for

determination of phytosterols, demonstrating alternatives to solve
chromatographic problems for future studies with these analytes in
plants and derived products.
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