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This work proposed a novel, relatively low-cost and rapid analytical method using
microemulsion as sample preparation to determine iron (Fe) in vegetable oils by flame atomic
absorption spectrometry technique (FAAS). The vegetable oil microemulsions were obtained by
mixing appropriate proportions of the crude and refined vegetable oil, Triton® X-100, 1-propanol
and nitric acid 50% (v v'). Moreover, an external calibration method was established using aqueous
Fe standards instead of expensive and unstable organometallic standards. The limits of detection
and quantification were 0.40 and 1.3 mg kg of oil, respectively. The accuracy was checked by
recovery studies (with recoveries ranging 84-105%) and by Fe determination in digested vegetable
oil samples by inductively coupled plasma optical emission spectrometry (ICP OES) as comparative
procedure. The proposed analytical method was efficient to determine Fe in crude and refined
vegetable oils from various vegetable sources, besides being suitable for routine analyses due to
its simplicity.
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Introduction

Iron (Fe) is one of the most abundant elements in
the earth’s crust.! This mineral naturally occurs at low
concentrations in vegetable products, such as refined and
crude vegetable oils.> Vegetable oils can be contaminated
with Fe and other transition metals, during the steps of oil
production, transportation and packaging, as well as during
the cultivation of oilseeds with irrigation water,* fertilizers
and pesticides.*

One of the main issues caused by the presence of trace
Fe levels in vegetable oils is the accelerated decrease in both
oil quality and oxidative stability, due to catalyzed lipid
oxidation,’ because Fe is one of the most active prooxidant
transition metals in vegetable oils.® Lipid oxidation leads
to the formation of primary oxidation products, such as
hydroperoxides, which are decomposed into secondary
oxidation products, such as aldehydes, ketones and
alcohols. Secondary oxidation products have negative
implications for sensory characteristics (smell and taste,
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for example) and shelf life of vegetable oils, as well as for
human health.” Therefore, monitoring Fe concentration
throughout the manufacturing process of edible vegetable
oils is highly desirable from the technological, nutritional,
and toxicological perspectives. According to Codex
Alimentarius,? the recommended maximum acceptable Fe
levels in refined and crude vegetable oils that are presented
in a state for human consumption are 1.5 and 5.0 mg kg'!,
respectively.

Traditional analytical methods to determine trace Fe in
vegetable oils are mainly based on the use of instrumental
techniques, such as flame atomic absorption spectrometry
(FAAS),*!? electrothermal atomic absorption spectrometry
(ETAAS),"! inductively coupled plasma optical emission
spectrometry (ICP OES)*'? and inductively coupled plasma
mass spectrometry (ICP-MS)."* In most instances, these
techniques have been applied in association with various
types of sample pretreatments before the analysis, aimed
to reduce matrix and spectral interferences and increase
the availability of the trace metals for determination in
viscous liquid samples containing a high organic content,
such as vegetable oils. Conversely, limited studies have
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proposed procedures that directly analyze vegetable oils
for Fe determination.'*!

Direct analysis of vegetable oils for the determination
of Fe or other metals is not a simple task. The difficulty is
mainly due to the low levels of Fe in vegetable oils, as well
as to the other problems caused by matrix interferences,>*!
such as the high organic content and high viscosity
of these matrices.? These matrix properties can cause
destabilization of the inductively coupled plasmas and
flames employed as atomization systems in I[CP and FAAS
techniques, respectively. Besides, direct analysis may cause
problems with the process of introduction of samples into
the atomization systems (when graphite furnace atomic
absorption spectroscopy (GF AAS) or pneumatic nebulizers
are used).!” Furthermore, the complex matrices of vegetable
oils also hamper the establishment of an appropriate
calibration procedure for their direct analysis.?

Most of the sample treatment procedures applied in
the analysis of vegetable oils are based on liquid-liquid
extraction,'® acid extraction,'"!® extraction induced by
emulsion breaking,!> ultrasound assisted extraction,>®
emulsification'*® and microemulsification.* Among these,
microemulsification has emerged as a suitable and promising
sample pretreatment procedure for direct analysis of samples
with a high organic content, such as vegetable oils, diesel,”!
biodiesel,>* lubricating oil,**?” and fuels.”

Microemulsions can be defined as thermodynamically
stable, optically transparent****>-3! and microscopically
homogeneous systems, composed of appropriate amounts of
aqueous and oil phases and surfactant and/or co-surfactant.?'-
These systems have some characteristic properties, such as
low viscosity?? and the capacity to solubilize both polar
(aqueous) and nonpolar (oil soluble) substances.?'** Two
of the main advantages of using microemulsification for
sample preparation are associated with its simplicity and
the possibility to use aqueous standards for preparing
calibration solutions instead of using unstable organometallic
standards.*** From the environmental and toxicological
perspectives, the application of microemulsification as a
sample preparation method for direct analysis of samples
containing high lipid contents is attractive because it allows
the direct analysis without requiring any dilution with
relatively toxic organic solvents.**

Therefore, this work proposes a novel routine analytical
procedure for the determination of Fe at trace amounts in
samples of various crude and refined (edible) vegetable
oils, using a microemulsion-based sample preparation
method and conventional FAAS as the measurement
technique. To the best of our knowledge, this study
is the first to propose a sample preparation procedure
based on microemulsification for Fe determination
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in crude and refined vegetable oil samples using the
conventional FAAS technique. Moreover, the conventional
FAAS technique is very inexpensive compared to both
the modern high-resolution continuum source flame
atomic absorption spectrometry (HR-CS FAAS), as
described by Nunes et al.,> and GF AAS which is
necessary in recommended methods (IUPAC 2.631,%
ISO 8294: 1994,%5 AOAC 990.05% or AOCS Ca 18b-91)
for Fe determination in vegetable oils.

The proposed method was evaluated in terms of
microemulsions stability, precision (relative standard
deviation (RSD), %), limits of detection (LOD) and
quantification (LOQ), linear range and accuracy (through
recovery tests and by determination of Fe in digested
vegetable oil samples by ICP OES as comparative
procedure). It can be considered very useful to be applied in
routine analyses and during the oil refining process quality
control, especially because of its low-cost, simplicity and
little sample handling.

Experimental
Reagents, solutions and samples

Ultrapure water (obtained by a Milli-Q® water purification
system; Millipore, Billerica, MA, USA) and nitric acid of
high purity (obtained by a sub-boiling distillation system;
Milestone DuoPUR, Sorisole, Italy) were used throughout
all the experiments. All glassware, pipette tips, PFA-Teflon
digestion vessels, and polypropylene flasks were soaked in
a 10% (v v nitric acid (65%, Sigma-Aldrich, Germany)
bath for at least 24 h, then, rinsed at least three times
with ultrapure water and allowed to dry at room temperature
before use.

Light mineral oil (Tedia, Rio de Janeiro, Brazil), propan-
1-ol (= 99.5%, Sigma-Aldrich, Germany) and Triton®
X-100 (Merck, Darmstadt, Germany) were used without
further purification, for preparing the microemulsions.
Inorganic aqueous reference Fe solutions for analytical
calibration were prepared by appropriate dilutions of
1000 mg L' standard Fe stock solution (Specsol, Sao Paulo,
Brazil).

Crude and refined soybean, corn, sunflower and canola
oils were obtained from Cocamar (vegetable oil factory;
Maringd, Parand, Brazil), and refined cottonseed oil was
purchased from a local market (Maringd, Paran4, Brazil).

Flame atomic absorption spectrometry

The total Fe concentrations in crude and refined
vegetable oil microemulsion samples were directly
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measured in microemulsions by using an atomic absorption
spectrometer (Varian 240FS, Mulgrave, Australia),
equipped with a deuterium background correction
system. This correction approach permitted to circumvent
eventual spectral interferences caused mainly by scattering
effects and incomplete atomization of the molecular
carbon residues formed in the flame as a consequence
of the relatively high carbon content of the vegetable oil
microemulsions.

A multi-element Cu/Fe/Mn/Zn hollow cathode
lamp (Varian, Mulgrave, Australia) was used as the
radiation source, and an air/acetylene (99.7%, Linde,
Brazil) flame was used for atomization. All atomic
absorbance measurements were performed in triplicate,
and their acquisitions were based on the peak height
mode. The operational spectrometer parameters are:
wavelength (248.3 nm), lamp current (10.0 mA), spectral
resolution (0.2 nm) and flame composition of air/C,H,
(13.5/2 L min™").

Sample preparation, microemulsion stability and calibration
method evaluation

The microemulsions were prepared based on
Amais et al.,** by the sequential addition: approximately
0.25 g of sample (crude or refined vegetable oil), 4.40 mL
propan-1-ol (as cosolvent), 250.0 puL Triton® X-100
(as surfactant), and 100.0 pL of 50% (v v') nitric acid
(as aqueous phase) into a 15 mL graduated polypropylene
flask (Corning®, New York, USA). The mixture was
vortexed (IKA Vortex 1, Germany) for 2 min to obtain a
homogeneous, stable and transparent microemulsion.

The stability of the microemulsion samples was checked
by FAAS measurement of the absorbance signals for Fe
(every 30 min for 8 h) of crude and refined soybean, corn,
canola and sunflower microemulsions spiked with 0.5 and
1.0 mg L' of Fe.

A calibration method evaluation was performed
in order to establish an appropriate strategy for Fe
determination in the crude and refined vegetable oil
microemulsions, taking into account the possible
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existence of matrix effects, of the chemical (different
constitutions of vegetable oils) or physical type (different
viscosities of vegetable oil microemulsions that could
affect their aspiration rate and, consequently, the amount
of Fe introduced into the flame).

For that, three external calibration curves (using solutions
A, B and C as calibration media) and four calibration curves
using the standard addition method (for crude soybean,
sunflower, canola and corn oils) were obtained in order
to compare their slopes (sensitivities) and to select the
optimum calibration media for Fe determination in crude
and refined vegetable oil microemulsions. All comparisons
were made considering the same range of concentrations
(0.1-1.0 mg L' Fe). The constitution of solutions A, B and
C are shown in Table 1.

Crude vegetable oils were chosen to perform the
calibration method evaluation because their matrices
could lead to more pronounced interferences than refined
vegetable oil matrices.

Accuracy evaluation

Recovery test was performed in crude and refined
vegetable oil microemulsions spiked with 0.1, 0.2 and
0.5 mg L' of Fe, in order to investigate the accuracy
of the proposed method. The additions of Fe were
carried out together with the aqueous phase of the
microemulsion.

Additionally, a comparative procedure was performed
also for checking the accuracy of the results. For that, Fe
concentrations were determined in digested vegetable oil
samples by ICP OES.

Comparative procedure (sample preparation and ICP OES
measurements)

The digestion of vegetable oil samples was performed
in a microwave digestion system (CEM MARS Xpress,
Matthews, USA), equipped with 55 mL perfluoroalkoxy
(PFA)-Teflon® digestion vessels, according to the
conditions shown in Table 2.

Table 1. Constitution of the solutions A, B and C (as calibration media), and sample microemulsion

Calibration medium Propan-1-ol / mL Vegetable oil* / mg Light mineral oil / mg Triton®X-100 / uL 50 {;j i(t\r]i(;z]i;i(/i“L
A 4.40 - 0.250 0.250 0.100
B 4.65 - - 0.250 0.100
C 4.90 - - - 0.100
Sample microemulsion 4.40 0.250 - 0.250 0.100

*Crude soybean, sunflower, corn and canola oils; *the aqueous Fe standards were added to media A, B and C and microemulsions by the nitric acid solution.
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Table 2. Microwave assisted acid digestion conditions used for the crude
and refined vegetable oil samples
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Table 3. Stability time (h) of crude and refined soybean, sunflower, corn
and canola microemulsions spiked with 0.5 and 1.0 mg L' of Fe

time / min
Step Power /W Power/% Temperature / °C
Ramp  Hold
1 960 100 170 10 -
2 960 100 170 - 15
3 0 0 25 15 -

For this, approximately 0.25 g of crude and refined
vegetable oil samples was digested with nitric acid
(5.0 mL) and 30% (v v'') hydrogen peroxide (3.0 mL)
(Merck, Darmstadt, Germany), in a 50 mL sealed
PFA-Teflon vessel, using the conditions described above
in the instrumentation section. After the cooling down
step, digested sample solutions were carefully transferred
to polypropylene flasks, and their final volumes were
adjusted to 20.0 mL with ultrapure water. Finally, the
total Fe contents of the digested sample solutions were
determined by ICP OES.

A simultaneous dual view ICP OES (PerkinElmer
Optima 8300, Shelton, USA), with two solid-state sulfur
chemiluminescence detectors, was employed in the
comparative procedure after the samples digestion. For
the axially viewed plasma mode, the emission intensities
of Fe were measured at 238.204 nm (ionic line), according
to the manufacturer recommended operating conditions for
plasma power (1.3 kW), with the nebulizer, plasma and
auxiliary argon flow rates at 0.65, 8.00 and 0.20 L min!,
respectively.

Results and Discussion
Microemulsion stability

The stabilities of crude and refined vegetable oil
microemulsions were checked to verify the maximum
duration that the total added Fe concentrations in the
microemulsions remained available for accurate analyte
quantification. Furthermore, the microemulsions were
also visually inspected for transparency and homogeneity.
Crude and refined corn, canola, sunflower, and soybean
oil microemulsion samples were spiked with 0.5 and
1.0 mg L"aqueous standard Fe solutions, and the stabilities
were then evaluated by measuring absorbance values for Fe
at each predefined time interval (over 8 h). Stabilities for Fe
in the microemulsions were considered analytically suitable
when the RSD for the Fe absorbance signals measured at
the predefined time periods did not exceed 10%, and the
results are shown in Table 3.

Stability / h
Microemulsion
0.5 mgL"! 1.0 mg L
Crude and refined soybean oil 6 4
Crude and refined sunflower oil 6 4
Crude and refined canola oil 6 4
Crude and refined corn oil 4 3

Based on the above consideration, it was observed
(from Table 3) that the analytical signals for Fe in the
crude and refined microemulsions fortified with 0.5 and
1.0 mg L' Fe,remained stable over 6 and 4 h, respectively,
for most samples, except for crude and refined corn oil
microemulsions, which were stable only for 4 and 3 h,
respectively. The loss of stability, observed by a decrease
in the Fe absorbance signals monitored by FAAS for every
fortified microemulsion can possibly be due to a minor
increase of vegetable oil microemulsion viscosities or
changes in oil constitution caused by the lipid oxidation
induced by autoxidation (catalyzed by Fe?*/Fe** cations)
and photo-oxidation. Notably, lower absorbance signals are
obtained when viscous solutions are aspirated when using
FAAS because the analyte mass that reaches the flame is
decreased due to the lower aspiration rates.*

Polyunsaturated fatty acids, such as those present in
vegetable oils, undergo rapid lipid oxidation even at room
temperature.* Therefore, the relatively low stabilities
observed for the vegetable oil microemulsions spiked
with the higher Fe concentration can be attributed to
the increased presence of prooxidant Fe*/Fe’ cations.
Consequently, the 3 h duration, during which the analytical
signals for Fe in the microemulsion samples remained
stable, was assumed to be adequate to perform the Fe
quantification by application of the proposed direct analysis
method.

Both photo-oxidation and autoxidation can contribute
to the lipid oxidation of vegetable oils.” The use of vortex
stirring for microemulsion homogenization probably
contributed to an efficient incorporation of oxygen into the
microemulsions, thereby increasing the polyunsaturated
lipid oxidation rate. The increase in the rate of lipid
oxidation can be explained due to the existence of a higher
contact area between unsaturated lipids and oxygen in
microemulsions,’! together with their optical transparency,
which allows the light to interact directly with the
lipids present in the microemulsions.*> Additionally, the
relatively high oxygen solubility in vegetable oils at low
temperatures*'*? can also contribute to the lipid oxidation.
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The rates of photo-oxidation catalyzed by visible light are
much higher than autoxidation rates,* and depend on the
presence of metal ions in vegetable oils.” In this context,
it is possible to assume that both autoxidation and photo-
oxidation might have affected the stability of the crude
and refined vegetable oil microemulsions. However,
due to the several factors that interactively influence the
oxidative stability of the vegetable oil microemulsions, it
is challenging to differentiate the individual effects of these
factors on the mentioned lipid oxidation processes. Thus,
additional studies about the crude and refined vegetable
oil microemulsion stabilizations will be investigated in
future works.

Calibration method evaluation

Initially, it was evaluated the use of an external
calibration approach by using three different media of
calibration (A, B, and C; the composition of these media are
shown in Table 1) in order to establish a suitable external
calibration curve for compensating and/or minimizing
possible matrix effects on the determination of Fe in
vegetable oil sample microemulsions. The occurrence
of matrix effects in FAAS measurements, based on the
continuous aspiration system for sample introduction,
depends strongly on the differences in viscosity between
calibration and sample solutions, because the aspiration
efficiency is markedly dependent upon the viscosity.
Therefore, it is crucial that both sample and calibration
solutions have similar aspiration efficiencies, in order to
guarantee the same analyte mass transport efficiencies from
these solutions to the flame. This evaluation was performed
by comparing the slope of each external calibration curves
(obtained in three different calibration media: A, B and
C) with the slope of each standard addition calibration
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curve (obtained by using the vegetable oil microemulsion
samples), and the results are shown in Table 4.

According to Table 4, the slopes of the calibration
curve prepared by using A and B media were similar.
Therefore, the ratios between the slopes of external
calibration curves prepared with medium A or B, and the
slope of each standard addition calibration curve prepared
with the crude corn, canola, sunflower and soybean oil
samples were obtained. The corresponding slope ratio
values obtained were 1.03, 0.92, 0.91 and 0.88. For the
same type of comparisons, calculations were carried out
on the ratios between the slope of the external calibration
curve prepared using medium C, and the slope of each
standard addition calibration curve prepared with the
crude corn, canola, sunflower and soybean oil samples.
In this instance, the corresponding calculated slope ratios
were 0.97, 0.87, 0.86 and 0.83.

Besides that, the coefficient of variations between the
slopes of external calibration curves prepared with medium A
or B, and the slope of each standard addition calibration curve
prepared with the crude corn, canola, sunflower and soybean
oil samples were 2.2, 6.1, 6.9 and 8.8%, respectively. And,
the coefficient of variations between the slope of external
calibration curve prepared with media C, and the slope of
each standard addition calibration curve prepared with the
crude corn, canola, sunflower and soybean oil samples were
1.9,10.2, 11.0 and 12.9%, respectively.

From these results, it can be noted that the external
calibration curve obtained with medium C, compared to
the curves obtained with either A or B media, presented
higher variations in the sensitivity values (compared to the
sensitivities of the standard addition calibration curves).
Therefore, it can be concluded that both A and B media
can be properly used as blank solutions in an external
calibration method.

Table 4. Calibration equations obtained with the external calibration method using A, B and C media as analytical blanks to prepare the Fe standard
solutions, and with standard addition method using crude corn, canola, sunflower and soybean oil microemulsion samples

Calibration equation

Medium Calibration method y = S[Fe] +1 Correlation coefficient (r)
A external y =(0.0654 £ 0.0015)° [Fe] + (0.0012 + 0.0004) 0.9988
B external y =(0.0654 = 0.0007)¢ [Fe] + (0.0005 = 0.00002) 0.9998
C external y =(0.0617 = 0.0012)* [Fe] + (0.0009 + 0.0008) 0.9986
Corn oil microemulsion standard addition y =(0.0634 = 0.0024) [Fe] + (0.0121 = 0.0004) 0.9996
Soybean oil microemulsion standard addition y =(0.0741 £ 0.0015)* [Fe] + (0.0106 = 0.0001) 0.9993
Sunflower oil microemulsion standard addition y =(0.0721 £ 0.0012)® [Fe] + (0.0128 + 0.0011) 0.9995
Canola oil microemulsion standard addition y =(0.0713 = 0.0008)" [Fe] + (0.0021 = 0.0011) 0.9995

Calibration equation: y: absorbance signal; S and I: slope and intercept of the calibration curve, respectively; [Fe]: concentration of Fe (mg L'); Fe calibration
solution concentrations ranging from 0.10 to 1.0 mg L'; results expressed as mean + standard deviation of three replicates. Values with different superscript

letters in the same column are significantly different (p < 0.05) by r-test.
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Thus, considering the application of the proposed
analytical method in routine analyses, medium B was
chosen as the calibration blank for the external calibration
method, since its constitution dispenses the use of the
light mineral oil (added to simulate the oil matrix sample),
contributing to a reduction in the organic matter (as waste)
and minimization of analytical costs. Also, the slope of the
external calibration curve prepared with medium B had the
highest repeatability, with RSD below 1%.

Accuracy evaluation

The accuracy of the proposed method was estimated by
recovery test, through analysis of crude and refined canola,
corn, soybean, and sunflower vegetable oil microemulsions
spiked with Fe at three concentration levels. According to
the Association of Analytical Chemists’ (AOAC) Guidelines
for Standard Method Performance Requirements,* when
the analyte concentration in the sample ranges 1-10 ppm,
the acceptable recovery range is 80-110%.

Considering that the recovery values (Table 5) ranged
from 84-105%, the proposed method showed good
accuracy. Accordingly, the results confirm the method
applicability for trace Fe determination in vegetable oil
samples with different matrix complexities and from
various sources, like the vegetable oils samples analyzed
in this work. Moreover, the good recovery values indicated
that the proposed method was not affected by matrix effects
caused by possible differences in viscosities between
calibration solutions and microemulsion samples, and the
high organic content of the microemulsions. The potential
spectral interferences (background absorption) caused by
the high organic content of microemulsions during the Fe
atomization in the flame, may have been corrected and/or
minimized by using the background corrector based on a
deuterium lamp.

Table 5. Recoveries (%) for spiked vegetable oil samples (mean
recovery + standard deviation, n = 3)

Oil sample ) Recovery / %
0.10mgL"™ 020mgL"™ 0.50mgL"

Crude soybean oil 89+3 94 +2 91+2
Crude sunflower oil 92 +1 92 +4 90 +2
Crude canola oil 104 +2 100 = 4 102+1
Crude corn oil 90 +4 88+3 84 +2
Refined soybean oil 103 +3 96 + 4 93+3
Refined sunflower oil 99 +7 90 =4 95+2
Refined canola oil 101 +3 9% +5 101 +5
Refined corn oil 105+6 98 +2 93+2

*Spiked Fe concentration in microemulsion.
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Furthermore, to perform an additional evaluation of
the method accuracy, the Fe concentrations obtained from
the analysis of some vegetable oil samples were compared
with those detected using ICP OES after sample treatment
by microwave assisted acid digestion. As shown in Table 6,
the obtained Fe concentrations were in good agreement
with the ICP OES results, considering that the paired
t-test conducted at the 95% confidence level did not show
significant differences.

Table 6. Determination of Fe in crude vegetable oil samples by using
the proposed and comparative procedures based on the FAAS and ICP
OES measurements, respectively (mean + standard deviation, n = 3, at
95% confidence level)

Fe concentration / (mg kg™')

Oil sample FAAS ICP OES

Crude soybean oil 2.72 +0.05 2.83+0.11
Crude corn oil 3.74£0.11 3.41+0.37
Crude sunflower oil 3.67+0.19 4.03+£0.39

FAAS: flame atomic absorption spectrometry; ICP OES: inductively
coupled plasma optical emission spectrometry.

Analytical performance and application

After verifying the applicability of the proposed method,
and considering the importance of identifying the lowest
Fe concentrations measurable by its application, the LOD
and LOQ were estimated, based on the criteria established
by the International Union of Pure and Applied Chemistry
(TUPAC).* The LOD and LOQ were defined as 3s,,,,/b,
and 10s,,,,/b, respectively, where s, is the standard
deviation for absorbance measurements of 10 blank
calibration solutions, and b is the slope of the external
calibration curve. The method repeatability, expressed as
RSD (%), was obtained from 10 independent replicates, at
three different Fe concentrations (0.1, 0.2 and 0.5 mg L")
in microemulsions. The LOD, LOQ, repeatability and
linear range obtained by the proposed method are shown
in Table 7.

Table 8 shows the LODs found in the literature, for
Fe determination in vegetable oils, by applying different
analytical assays involved with the use of various
procedures of sample preparation and types of instrumental
techniques.

The LOD obtained in this work (0.40 mg kg') was
similar to the LOD found by Cindric ef al.* (0.41 mgkg™),
and was lower than LODs found by Nunes et al.’
(0.62 mg kg')* and by leggli er al.*® (1.0 mg kg'); but
higher than those found in other researches presented in
Table 6. However, the proposed method is advantageous
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Table 7. Analytical parameters obtained for the Fe determination in crude
and refined vegetable oil microemulsion samples by FAAS

Parameter Value
LOD*/ (mg kg™") 0.40
LOQ*/ (mg kg™) 1.3
Linear range® / (mg kg™") 1.3-160.0
Repeatability RSD / % 1.0-5.7

“Data in mg kg! of oil samples were calculated taken into consideration the
sample dilution (amount of oil sample and total volume of microemulsion:
20-fold dilution); LOD: limit of detection, LOQ: limit of quantification;
RSD: relative standard deviation.

since no special apparatus is required in sample preparation
procedure for Fe determination (such as centrifugal,
ultrasonic bath, microwave digestion system or silica
gel column) in addition to using the lower-cost and
conventional FAAS technique. Moreover, it attends the
recommendation from Codex Alimentarius,® maximums
of 1.5 and 5.0 mg kg™ of Fe in refined and crude vegetable
oils, respectively.Thus, it can be inferred that the proposed
method can be successfully applied in routine analysis for
direct Fe determination, contributing to an adequate quality
control of crude and refined vegetable oils.

The proposed method was applied to analyze crude
and refined vegetable oils from various vegetable sources,
and the Fe concentrations found in crude soybean, corn
and sunflower oils were 2.72 = 0.05, 3.74 = 0.11 and
3.67 £ 0.19 mg kg'', respectively (shown in Table 6). In
crude canola oil and refined soybean, corn, sunflower,
canola and cottonseed oils the Fe concentrations found
were below the LOQ.
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The fact that all Fe concentrations in the analyzed
refined vegetable oils were lower than the LOQ can be
explained by considering that the oil refining process was
effective for removing Fe,”"3 contributing to reducing the
occurrence of adverse effects on the oxidative stability of
vegetable oils due to the presence of prooxidant Fe?*/Fe**
cations.

Iron may be present in vegetable oils due to environmental
factors and contaminations during the refining process.
Hence, a wide range of Fe concentrations in these samples
exists in the literature. Pehlivan et al.'® determined
0.0107-0.0195 mg kg™! of Fe in refined soybean, sunflower
and corn oils. He et al."* found 0.019-0.177 mg kg™ of Fe in
refined soybean, sunflower, corn and canola oils. However,
comparatively higher Fe concentrations can be observed
in refined oils, such as 23.3 and 15.3 mg kg for refined
soybean and sunflower, respectively,* and 8.920, 8.398
and 8.004 mg kg for refined sunflower, corn and canola
oils, respectively.? Also, 2.80 mg kg™ of Fe was reported
in crude soybean oil,>' which is close to the concentration
found in the current work (2.72 + 0.05 mg kg') for the
same type of vegetable oil. Moreover, 8.37 mg kg' of Fe
in crude sunflower oil* and 0.5-1.5 mg kg of Fe in crude
canola 0il>? have been previously reported.

Conclusions

The new method proposed in this work is a suitable
alternative for Fe determination in crude or refined vegetable
oils, mainly because of its rapidity and simplicity. The
proposed method proved to be applicable and reliable, without
the need to use any relatively high-cost instrumentation for

Table 8. Limit of detection (LOD) reported in the literature for the determination of Fe in vegetable oils by different analytical procedures

Sample treatment Analytical technique LOD / (mg kg™) Reference
Microemulsification FAAS 0.40 this work
MWAD ICP OES 0.41 46
Emulsification FAAS 1.0 20
Microemulsification HR-CS FAAS 0.62 3
MWAD ICP OES 0.12 47
LLE with a Schiff Base FAAS 0.09 9
LLE with chelating agent FAAS 0.0673 10
UAE HR-CS FAAS 0.061 5
SPE FAAS 0.0228 48
Saponification + UV photolysis IC/UV-Vis detection 0.02 49
Direct analysis with dilution ICP OES 0.01 12
Direct analysis with dilution GF AAS 0.0044 50

MWAD: microwave assisted digestion; LLE: liquid-liquid extraction; UAE: ultrasound-assisted extraction; SPE: solid-phase extraction; UV: ultraviolet;
FAAS: flame atomic absorption spectrometry; ICP OES: inductively coupled plasma optical emission spectrometry; HR-CS FAAS: high resolution
continuum source flame atomic absorption spectrometry; IC/UV-Vis detection: ion chromatography method with UV detection; GF AAS: graphite furnace

atomic absorption spectrometry; LOD: limit of detection.
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sample preparation, except by requiring the use of FAAS as
the measurement technique. Moreover, this method provides
a highly attractive alternative for quality control of edible
oils, during their manufacturing processes, by quantifying
Fe in crude or refined vegetable oils. It is highly likely that
the concentrations of other metals can also be determined in
vegetable oils by applying the respective proposed method.
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