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Abstract In this paper, the determination of retinol, the
structure with the most activity as vitamin A, was carried
out in an aqueous micellar medium with a low quantity of a
short-chain alcohol. The analytical technique used in this
work was fluorescence, which gave us very much informa-
tion qualitative and quantitative. The sensitivity of the
method is higher than that obtained in other media; the
detection limit is 0.03 mg L−1 and retinol was stable in
solution for at least 5 days. The use of solid phase
extraction (SPE) for organic samples, allowed us to change
the organic matrix by a mixture CTAB 5%/n-butanol 10%/
water 85% w/w/w with recoveries in retinol spiked samples
close to 100%. In addition, the combination of SPE and
fluorescence is a good preconcentration technique, sensitive
and fast for the identification and determination of retinol,
simultaneously.
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Introduction

Retinol is the main structure of the broad group of
lipophilic related compounds known as vitamin A. The
vitamin activity of other retinoids and carotenoids are
calculated respect to the corresponding effect of retinol, that
posses 100% vitamin A activity, after their transformation.

Retinol plays an important role in vision, skin protection,
bone growth, and cell division and differentiation [1].

Nowadays, the vitamin A activity of foods and pharma-
ceutical preparations is measured as retinol equivalents (RE)
in micrograms instead of international unities (IU) [2]. The
human body obtains the vitamin A from food as preformed
retinol or as provitamin carotenoids that can be converted to
retinol in the body. It was determined that 6 µg of β-carotene
are necessary for the production of 1 μg of retinol or 1 RE.

The most often used analytical technique for determina-
tion of retinol and other vitamins has been high-performance
liquid chromatography (HPLC) [3, 4]. HPLC determination
of retinol has been applied to food products [5–10], plants
[11], biological fluids, tissues or livers [12–23], etc. Given
the fact of the high hydrophobicity of most vitamin A
compounds, the employ of reversed-phase HPLC requires
the use of mobile phases containing methanol, acetonitrile or
its mixtures with a small or null proportion of water [5, 8–11,
13, 15, 17, 20, 21–23]. On the other hand, the use of normal-
phase HPLC, with mobile phases such as n-hexane/isopro-
panol, n-heptane/tert-butyl methyl ether, etc., improved the
chromatographic separation of non-polar retinoid isomers [6,
7, 18, 24].

One important characteristic of the retinol molecule is its
native fluorescence. Very few works have studied the
possibilities of retinol determination based on the measure-
ment of this analytical property. The retinol determination
by fluorescence measurements has been applied previous
saponification and extraction of the sample and measure-
ments in hexane solutions [4, 25–27]. One recent and quite
different application of the fluorescence technique is the
discrimination of different cheeses based on the fluores-
cence spectra of thin slides of cheeses recorded at the
excitation wavelengths of tryptophan, riboflavin and vita-
min A [28–30].
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It is well known that all-trans-retinol is almost insoluble
in water, chemically labile and susceptible to photo-
oxidation [31]. For this reason, stabilization of this vitamin
by polymeric micelles [32], cyclodextrins [33], liposomes
[34] or even lipid particles [35] has been proposed.

Our investigation group has studied the influence of
organized media on the stability of vitamins and their
analytical determination by fluorescence. Different water-
soluble and fat-soluble vitamins have been determined in
different micellar media. The water-soluble vitamins were
determined in bis-2-ethylhexylsulfosuccinate sodium salt
(AOT) aqueous medium by synchronous fluorescence [36].
The fat-soluble vitamins A and E were determined in a total
aqueous micellar medium of sodium dodecylsulfate (SDS),
hexadecyltrimethylamonium bromide and chloride (CTAB
and CTAC), and polyoxietylen(23)lauryl ether (Brij 35). The
presence of cationic micelles (CTAB) and nonionic micelles
(Brij 35) increased the sensitivity and allowed the simulta-
neous quantification of vitamins A (retinol) and E in milk
samples; however, in the presence of anionic micelles of
SDS the fluorescence signal of retinol was much lower [37].

In addition, we have developed an analytical screening
method for fat-soluble vitamins, including vitamin A [38].
This screening method made possible to verify the presence
of vitamin A (retinol), E, B1, B2 and B6, in a medium of
direct micelles of CTAC in pure water. The method was
validated in qualitative terms and it was applied to the
detection of the vitamins in pharmaceuticals, isotonic
drinks and fruit juices samples.

In order to improve the signal of retinol obtained in
CTAB solutions in pure water, our objective in this work
was to study the influence of the addition of little
concentrations of a short chain alcohol to the micellar
solution upon the fluorescence signal of retinol. This way, it
would be possible the easy and fast analysis of retinol in
samples fortified or prepared with this vitamin.

In addition, the high quantity of water in the medium of
analysis reduced the employ of high amounts of organic
solvents normally used in these methods (chloroform,
hexane, petroleum ether, dichloromethane, etc). Given the
fact of the high water quantity of the measurement media,
for samples of organic matrices, the solid-phase extraction
(SPE) was proposed for both vitamin preconcentration as
well as a solvent change technique.

Experimental

Reagents

All reagents used in this work were of analytical grade. The
standard used was all-trans-retinol, from Fluka (Madrid,

Spain). Ultrapure water was obtained from a Milli-Q
system (Millipore, Bedford, MA, USA).

The surfactant hexadecyltrimethylamonium bromide
(CTAB) was from Merck (Darmstadt, Germany). Methanol,
n-propanol, n-butanol and hexane, from Scharlab (Barce-
lona, Spain), were of HPLC grade.

Stock solutions of retinol were prepared by dissolving
the appropriate quantity of this standard in methanol. These
solutions were stored in dark flask at −18 °C.

The working solutions of retinol for calibration were
prepared daily by diluting suitable volumes of stock
solutions of retinol into the optimum micellar medium of
measurement. These solutions were stored in the refriger-
ator at 4 °C until its use.

In addition, diluted solutions of retinol used for the
recovery studies with solid phase extraction were prepared
by diluting appropriate aliquots of the retinol stock solution
into hexane.

Two samples of vegetable oil were studied: sunflower oil
(Emile Noël, Biological product, Pont-Saint-Esprit, France)
and sesame oil (Luz de Vida, Ecological product, Gerona,
Spain). These oils did not contain retinol in their compo-
sition, according to the label of these products. For solid
phase extraction studies, oil solutions were prepared by
accurately weighing of appropriate amounts of each oil and
dilution to 25 mL with hexane.

Equipment

The fluorescence spectra of retinol solutions and samples
were obtained in a luminescence spectrophotometer Perkin-
Elmer model LS-50B, equipped with a quartz cell of 1 cm
light pass thermostatized with a bath Thermomix BU at
25 °C. The acquisition and data treatments were realized
with the Perkin-Elmer Flwin Lab software.

For solid-phase extraction, a twelve cartridges capacity
VisiprepTM from Supelco (Madrid, Spain) was used. The
vacuum pump was KNF Lab Laboport, from Sharlab
(Barcelona, Spain). Several different SPE cartridges were
tested: Discovery DSC-Si solid-phase cartridges, from
Supelco (Madrid, Spain), of 1, 3 and 6 mL and HLB-Oasis
cartridges from Waters (Milford, Mass, USA).

Methodology

Influence of alcohol percentages in fluorescence intensity
of retinol in CTAB aqueous micellar media

First, the effect on the retinol fluorescence intensity of
different short-chain alcohols added to a micellar aqueous
medium of CTAB with a retinol concentration of 1.0 mg L−1

was studied. The CTAB concentration was 5% w/w/w and
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the alcohols studied were methanol, n-propanol and
n-butanol. The percentage of the alcohols was varied from
0% v/v to 100% v/v. The retinol fluorescence intensity was
measured at the maxima excitation and emission wavelengths.

The fluorescence spectra for retinol in the CTAB/
n-butanol/water mixtures, were obtained in three-dimensions:
emission intensity as a function of the excitation wavelength
and emission wavelength, simultaneously. These wavelengths
were ranged from 250 to 490 nm (excitation) and from 280 to
600 nm (emission). The fluorescence intensity measurements
were carried out with an excitation slit of 2.5 nm and
emission slit of 5 nm.

Analytical characteristics of the fluorescence method
employed for retinol determination

Retinol determination was accomplished by the external
standard calibration method in the medium chosen: CTAB
5%/n-butanol 10%/water 85% w/w/w. With this purpose,
data obtained by measuring the fluorescence emission
intensity, at the maxima excitation and emission wave-
lengths, as a function of the retinol concentration (mg L−1)
had been fitted to a regression line by the mathematical
method of least squares. In this study, retinol concentration
was ranged between 0.1 and 1.0 mg L−1. The fluorescence
intensity of each calibration standard was measured at least
in triplicate. This calibration curve was also obtained in
pure n-butanol.

The method sensitivity was calculated as the slope of the
straight line, with its corresponding units. The detection and
quantification limits had been obtained from the straight line,
as the retinol concentration which produces a fluorescence
intensity whose value is the blank fluorescence signal (in
CTAB 5%/n-butanol 10%/water 85% w/w/w without retinol)
plus three or ten times, respectively, the standard error of the
estimate. The estimate means the statistics that explains the
value for the standard deviation of the residuals [39].

The precision of the method was evaluated in terms of
repeatability and reproducibility. The repeatability was
calculated as the relative standard deviation (RSD or %
CV) of the fluorescence intensity values measured, in the
same day, for ten independent solutions of retinol with an
intermediate concentration of the calibration curve (0.42 mg
L−1). The reproducibility of the method (between-day
repeatability) had been determined at three different retinol
levels (0.2, 0.5 and 0.7 mg L−1) by measuring (in triplicate)
the fluorescence signal of independent standard solutions of
retinol prepared in six different days.

The robustness was the relative standard deviation of
the slope of the calibration curve for thirteen calibration
curves obtained in different days during 1 month. All data

used for these studies were under statistical control,
according to the Individuals Charts Analysis realized with
Statgraphics Plus 5.1 for Windows (Statistical Graphics
Corporation, 1994–2000).

The stability of retinol in the micellar medium used in
this method was studied by measuring the fluorescence
intensity of a retinol solution (0.42 mg L−1) during fifteen
consecutive days.

The accuracy of this method was studied by calculating
the retinol recovery of the vegetable oil samples analyzed
by the optimised method: SPE and fluorescence measure-
ment in CTAB 5%/n-butanol 10%/water 85% w/w/w. With
this purposed, oil samples were analyzed both without
retinol addition and after the spiking of known retinol
concentrations, ranging from 0.1 to 0.3 mg L−1.

Preconcentration and solvent change by solid phase
extraction (SPE) of retinol in organic samples using
the proposed analytical method

Solid phase extraction was used as a strategy for both
preconcentration of retinol and as a technique that
allowed a change from an organic medium (sample) to
an aqueous solution (micellar system employed for retinol
analysis).

Different types of solid phases were tested in order to
found the most appropriate one for the retention of all-
trans-retinol onto the SPE cartridge. It was necessary to
take into account the non-polar character of this vitamin,
the solvent in which the standard of retinol and the oil were
dissolved (hexane) and the elution medium (CTAB 5%/n-
butanol 10%/water 85% w/w/w). The solid phase extraction
phases tested were: normal phase cartridges from Supelco
(DSC-Si), in three different sizes: 1 mL (100 mg), 3 mL
(500 mg) and 6 mL (500 mg), and hydrophilic-lipophilic
phases, HLB-Oasis (Waters).

The DSC-Si cartridges were activated with 1, 3 or
5 mL, of hexane. After retinol standard solution applica-
tion (retinol concentration varied from 0.1 to 0.4 mg L−1;
solution volumes of 10 or 25 mL), the sorbent was washed
with 1, 3 or 5 mL hexane and allowed to run dry. Retinol
was eluted with increased volumes (from 2 to 25 mL) of the
CTAB 5%/n-butanol 10%/water 85% w/w/w solution.

The same working protocol was applied for the extraction
of retinol from vegetable oils (sunflower and sesame oil).
With this purpose, solutions of different oil weights in
hexane (25 mL), spiked with 0, 0.1, 0.2 and 0.3 mg L−1 were
prepared and passed through the SPE cartridge.

The SPE recovery percentages of retinol were calculated
based on the retinol concentration in the sample and the
retinol concentration eluted from the cartridge.
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Results and discussion

Study of the fluorescence intensity of retinol in a CTAB/
alcohol/water medium

The variation of the fluorescence intensity of retinol in
presence of an aqueous anionic (SDS), cationic (CTAB)
and non-ionic surfactant (Brij 35) solution had been studied
by us in a previous work [37]. It was found that the
fluorescence intensity was higher in CTAB and Brij 35

media than in water or methanol. The intensity increased in
the aqueous solutions when increasing the surfactant
concentration until the critical micellar concentration
(CMC) was reached. From this CMC value up to 0.1 mol
L−1, the fluorescence intensity practically remained
constant.

The fluorescence intensity in CTAB increased due to the
long hydrophobic chain of the retinol structure, which
produced a great interactivity in the aqueous micelles. At
CTAB concentrations higher than the CMC value (9.4

Fig. 1 Composition of the dif-
ferent mixtures alcohol/water
containing CTAB 5% weight
over the ternary phase diagram

Fig. 2 Variation of the fluores-
cence intensity of retinol
(1.0 mg L−1) vs alcohol per-
centage added to aqueous solu-
tions of CTAB 5% weight (λexc
=330.0 nm; λem=472.5 nm).
Filled triangle Methanol; filled
diamond n-propanol; empty cir-
cle n-butanol

490 J Fluoresc (2008) 18:487–497



10−4mol L−1) the retinol solubility was increased at the
same time as a stabilization in the fluorescence signal was
observed.

To increase even more the high fluorescence signal of
retinol obtained in aqueous CTAB solutions, the influence
of the addition of a short chain alcohol to the medium was
studied. With this aim, a surfactant concentration higher
than the minimum CTAB concentration producing the
maximum fluorescence intensity in aqueous solution
(5% w) was chosen.

The alcohols added were: methanol and n-propanol,
which are miscible with water, and n-butanol, which
formed different phases and structures in ternary mixtures
with CTAB and water. The CTAB/n-butanol/water ternary
phase diagram [40] shows three different zones for CTAB
5% w: two isotropic mixtures at very low and very high
percentages of n-butanol, respectively, and an intermediate
zone of two immiscible phases. En effect, this alcohol is
miscible with CTAB 5% and water only in percentages
lower than 10% w and higher than 75% w of n-butanol.

Fig. 3 Fluorescence intensities
found for different mixtures
CTAB 5%/n-BuOH/water w/w/
w vs n-butanol percentages in
the zone of separation phases
(λexc=330.0 nm; λem=
472.5 nm)

Fig. 4 Three-dimensional fluorescence spectrum of CTAB 5%/n-butanol 10%/water 85% w/w/w. a Without retinol and b with 1.0 mg L−1 of retinol
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Figure 1 shows all the different mixtures CTAB 5%/n-
butanol/water in which standard solutions of 1.0 mg L−1 of
retinol had been prepared.

The fluorescence intensity variation found in presence of
the three alcohols studied is shown in Fig. 2. As can be
seen in this figure, the addition of increasing percentages of
methanol and n-propanol to an aqueous solution of CTAB
5% w produced an important decrease in the fluorescence
intensity of retinol.

The behaviour of n-butanol was quite different. There
was an increase in the retinol fluorescence intensity
between 0.8 and 10% w, being this intensity almost
constant at percentages of n-butanol higher than 75% w.

Moreover, the retinol fluorescence intensity obtained at
high percentages of n-butanol was much higher than those
corresponding to methanol and n-propanol.

The zone with intermediate percentages of n-butanol,
was studied by adding retinol and separating both phases
and measuring the retinol fluorescence intensity in the
organic and in the aqueous phases. Figure 3 shows the
intensity values obtained in both phases. The mixture
CTAB 5%/n-Butanol 35%/water 60% w/w/w seemed to
be adequate to measure all the retinol quantity in the
organic phase, with the corresponding preconcentration
factor. However, the distribution of retinol between both
phases was very irreproducible and showed different retinol
quantities in organic and aqueous phases whenever the
analysis was repeated.

From this study, it may be deduced that the best medium
for the retinol determination by fluorescence was CTAB
5%/n-butanol 10%/water 85% w/w/w. In this system, only
one phase was observed; moreover, the fluorescence
intensity signal of retinol in this medium had a very high
value. This fact may be explained taking into account that
the presence of an alcohol in the CTAB micellar aqueous
system has a strong effect on both the solubilization and
stabilization of a lipophilic molecule such as retinol, thus
exerting an increase in its fluorescence intensity measured.

Figure 4 shows the spectra of a CTAB 5%/n-butanol
10%/water 85% solution (a) and a retinol solution
(1.0 mg L−1) in the same medium (b). As can be seen in
this figure, the system CTAB 5%/n-butanol 10%/water 85%
(w/w/w) exhibited a very low fluorescence intensity (close
to zero) in all the spectral zones recorded and, specially, at
the maxima excitation and emission wavelengths of retinol
in this medium: 330.0 and 474.0 nm, respectively.

Table 1 Analytical characteristics of the retinol determination by
fluorescence at 330/474 nm excitation and emission wavelengths,
respectively

Characteristics of the retinol

Linear rangea (mg L−1) 0.11–0.80
Correlation coefficient (% RSD), n=13 0.9985 (0.14)
Sensitivity (L mg−1) (% RSD), n=13 462.5 (1.1)
Detection limit (mg L−1) (SD), n=11 0.03 (0.01)
Quantification limit (mg L−1) (SD), n=11 0.11 (0.04)
Repeatability (% RSD), n=10
([Retinol]=0.42 mg L−1) 0.7
Reproducibility (% RSD)
n=6 ([Retinol]=0.20 mg L−1) 4.2
n=6 ([Retinol]=0.50 mg L−1) 3.9
n=6 ([Retinol]=0.70 mg L−1) 3.8
Robustness (% RSD), n=13 1.1

Calculations was carried out with those data under statistical control
a Lower linearity limit calculated as the quantitation limit (LOQ)

Fig. 5 Variation of fluorescence
intensity (330/474 nm) of a
0.42 mg L−1 retinol solution in
CTAB 5%/n-butanol 10%/water
85% w/w/w vs time
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Analytical characteristics of the quantitative determination
method of retinol by fluorescence in a CTAB 5%/n-butanol
10%/water 85% w/w/w medium

The aggregates formed in the mixture CTAB 5%/n-butanol
10%/water 85%, w/w/w, gave the most appropriate medium
to quantify the vitamin A as retinol by setting the linear
relationship between the fluorescence intensity of retinol
and the retinol concentration. Table 1 summarized the
analytical characteristics of this fluorescence method.

The method was linear from 0.11 up to 0.80 mg L−1. The
correlation coefficients of thirteen calibration lines were
ranged from 0.9950 to 0.9999. The sensitivity of this
method (462.5 L mg−1) was high enough compared to that

obtained in n-butanol (255 L mg−1) or in media such as
aqueous solutions of CTAB or Brij 35 (approximately four
times lower) [37]. It can be said that the micellar solution
composed by CTAB 5%/n-butanol 10%/water 85%, w/w/
w provided us a very sensitive determination of retinol by
fluorescence. The detection limit was low: 0.03 mg L−1.
The limit of quantification (0.11 mg L−1) allowed us the
determination of this vitamin at the usual concentrations
in which all-trans-retinol is presented in different samples
[6, 7, 9, 12, 13].

The repeatability for a concentration of 0.42 mg L−1

measured for ten different solutions in the same day was
0.7%. This value indicated a good stability of the prepared
diluted solutions along one day. The reproducibility

Fig. 6 Influence of the size of
the SPE DSC-Si cartridges on
the retinol (0.5 mg L−1 in hex-
ane) fluorescence intensity (330/
474 nm) in the effuent and in the
eluate. a 6, b 3 and c 1 mL
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obtained for three different retinol concentration levels was
less than 4.2%, and it was similar for the three concen-
trations studied. The robustness was also very good,
because the variability of the calibration curve slopes
obtained in thirteen different days was 1.1%.

The determination of the retinol solution stability in the
measurement medium is very important, since it is well
known the instability of retinol solutions prepared in most
solvents. In fact, these diluted solutions must be stored
at −18 °C in inner atmosphere and light protected. At this
respect, Fig. 5 shows the fluorescence intensity of one
solution of retinol 0.42 mg L−1 measured in a range of
thirteen days. As can be seen in this figure, the vitamin A
decomposition in this micellar medium was observed
starting from the five day after its preparation.

Solid phase extraction (SPE) of retinol from standard
solutions and real samples

The proposed method for retinol determination had a very
good sensitivity and analytical characteristics. The applica-
tion of this fluorescence method to real samples that contain
retinol implies a solvent change if the samples to be
analyzed have an organic matrix, since the determination of
this vitamin is carried out in a CTAB 5%/n-butanol 10%/
water 85% w/w/w. In addition, solid phase extraction (SPE)
can be a very good preconcentration technique in this case,
because the analyte is usually found in a low concentration
level in the samples.

The solvent used in the study was hexane since it is one
of the most employed solvents for vitamin analysis in food

samples, biological fluids, etc. [4, 6]. The SPE technique
had been applied to standards of retinol in hexane as well as
to real samples dissolved in the same solvent. The
fluorescence signal in the effluent was measured in order
to verify if there was any quantity of retinol. The elution
was carried out with the micellar medium chosen in this
work.

The HLB-Oasis cartridge did not produce recuperation
percentages higher than 48%. Taking into account the
hydrophobic character of retinol, a solid normal phase as
DSC-Si was tested in order to increase the recuperation
percentages of retinol in the eluate. The retinol was eluted
with different volumes of CTAB 5%/n-butanol 10%/water
85% w/w/w. These results are summarized in Fig. 6. As can
be seen in this figure, the only cartridge that retained
quantitatively all retinol quantity was the DSC-Si; in fact,
the retinol concentration in the effluent was below to the
quantification limit of the analytical method. In addition,
when using the cartridge of 3 mL/500 mg, the recovery in
the eluate leads to 95% with an eluent volume of 10 mL
(preconcentration factor is 1). Using this cartridge, the
highest recovery obtained was for the following conditions:
10 mL of the sample and an elution volume of 10 mL of
CTAB 5%/n-BuOH 10%/water 85% w/w/w.

Next, it was studied the influence on retinol recovery of
different quantities of retinol (from 2.0 to 12.5 µg) passed
through the chosen cartridge and the volume of the eluent
used (Table 2). According to these results, the minimum
volume of eluent necessary to obtain a recovery close to
100% was 5 mL. On the other hand, when the quantity of
retinol fixed onto the phase was higher than 5.0 μg, the

Table 2 Recovery studies of retinol standards from hexane using solid-phase extraction (SPE) with a cartridge DSC-Si of 3 mL

Retinol concentration
(mg L−1)

Hexane solution
volume (mL)

Retinol quantity (μg) V eluent (mL) Retinol quantity eluted (μg) Recovery (%)

0.2 10.00 2.00 2.00 1.15±0.02 58±1
5.00 1.96±0.01 98.0±0.5
10.00 2.0±0.2 101±8
15.00 2.16±0.01 108.0±0.1
20.00 2.10±0.04 105±2

0.5 10.00 5.00 5.00 4.95±0.1 99±2
10.00 4.5±0.1 90±2
15.00 4.81±0.01 96.26±0.01
20.00 5.28±0.08 106±2

0.2 25.00 5.00 10.00 5±2 100.0±0.4
15.00 5.1±0.0 101.5±0.7
20.00 5.0±0.2 100±4

0.3 25.00 7.50 15.00 2.56±0.03 34.2±0.4
0.4 25.00 10.0 15.00 1.77±0.05 17.7±0.5
0.5 25.00 12.5 5.00 9.0±0.2 71.80±0.01

10.00 10.0±0.1 80.0±0.8
15.00 4.71±0.05 38.0±0.4
20.00 0.82±0.02 6.6±0.2
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retinol was found both in the effluent and in the eluate, and
the recoveries in these cases were not quite reproducible.
Thus, if the retinol quantity in the sample is higher than
5.0 μg, a cartridge with higher capacity should be used to
avoid losses of retinol in the effluent.

The SPE technique was also applied to samples with
very complex matrices: sunflower and sesame oils. As
commented above, it was necessary to change the medium
for measuring the retinol in the oil matrix. With this
purpose, 25 mL of oil solutions in hexane spiked with the
appropriate amounts of retinol were passed through the
cartridge and the retinol was eluted with two independent
volumes of 10 mL of CTAB 5%/n-butanol 10%/water 85%
w/w/w. The retinol in the effluent and the two eluates was
analysed by the proposed method. As an example, it was
shown in Fig. 7a the spectra of all these fractions for
sesame oil spiked with 5.0 μg of retinol, in comparison
with the spectrum of the micellar solution. From these
results, it was evident that most the retinol was recuperated

Table 3 Recovery studies for oil samples spiked with different
quantities of retinol using solid-phase extraction (SPE)

Oil quantity
(g)

Retinol quantity
added (μg)

Retinol quantity
eluted (μg)

Recovery
(%)

Sunflower oil
0.5000 2.50 3.1±0.1 123±4
0.5092 5.00 5.1±0.4 108±9
0.5035 7.50 8.2±0.2 109±3
0.2024 2.50 3.0±0.3 119±10
0.2138 5.00 6.4±0.4 128±7
Sesame oil
2.0105 2.50 3.64±0.01 145.6±0.4
1.0130 2.50 3.5±0.1 140±4
0.5200 2.50 2.7±0.6 108±2
0.5083 5.00 5.3±0.2 106±4
0.5089 7.50 6.1±0.1 82±1
0.2121 2.50 3.1±0.2 123±8
0.2221 5.00 5.2±0.1 104±2

Fig. 7 Fluorescence emission
spectra (λexc=330 nm) obtained
for the SPE retinol extraction
from sesame oil. a CTAB 5%/n-
butanol 10%/water 85% w/w/w,
effluent and two eluates (10 mL)
for retinol 0.20 mg L−1 added to
0.20 g oil/25 mL hexane. b First
eluate (10 mL) for different
retinol concentrations added to
0.50 g oil/25 mL hexane
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in the first eluate. Similar results were obtained for
sunflower oil. Figure 7b shows the spectra obtained for
the sesame oil at the maximum excitation and emission
wavelengths of retinol, when different amounts of this
vitamin were added to hexane solution of this oil.

The results obtained in the studies of SPE extraction of
retinol from the oils spiked with different quantities of
retinol are summarized in Table 3. Both for sunflower and
sesame oil, it was found that oil quantities in hexane
solution lower than 0.5 g, gave retinol recoveries close to
100%. Higher amounts of oil implied a distribution of
retinol between the effluent and the eluate, and the recovery
values found were anomalous (higher than 140%). This
behaviour had also been found at high amounts of retinol in
the studies realized with standards. On the other hand, it
seemed to be that the nature of the oil had not influence on
the amounts of retinol eluted.

The oils were also analysed in absence of added retinol.
In these cases, the matrix of the oils in the two eluates
analyzed gave a signal of fluorescence intensity at the
excitation and emission wavelengths of retinol. This effect
was much more important in the case of sunflower oil. In
fact, as can be seen in Figure 7b, the spectra of the first
eluate of a solution of sesame oil in hexane was quite
different to that obtained for the oil spiked with retinol.
This effect could explain the fact that there was almost no
influence of the oil matrix in the retinol analysis in samples
spiked with this vitamin and thus, recovery values close to
100% could be obtained.

To summarize, the application of the SPE technique to
the oil samples, and the following analysis by the
fluorescence method using the micellar system CTAB 5%/
n-butanol 10%/water 85% w/w/w allowed the easy deter-
mination of retinol at concentration levels usually found in
food products with good recovery values.

Conclusions

The proposed SPE-fluorescence method is very sensitive,
easy and fast for the determination of retinol in comparison
with other methods found in the literature, which involve
the retinol separation by means of saponification, extraction
with organic solvents or the application of chromatographic
techniques, previous its analysis. The analytical character-
istics of the method are good enough: detection limit of
0.03 mg L−1, quantification limit of 0.11 mg L−1 and
sensitivity of 462.5 L mg−1.

This method can be applied to very complex samples
such as vegetable oils with quantitative recovery values. In
addition, the micellar measurement medium used has a very
low quantity of organic solvent (n-butanol), being a
practically aqueous micellar medium.

The solvent change is easy by SPE with the preconcen-
tration of the retinol in oil samples, when necessary.
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