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Abstract A simple, fast, and efficient method consisted of
optimized dispersive liquid-liquid microextraction (DLLME)
followed by UV-vis spectrophotometry was developed for
determination of (3-carotene in fruits and vegetables.
Chloroform and methanol were chosen as extraction and
disperser solvents, respectively. The extraction process was
optimized using a central composite design (CCD) with the
optimum points of 115 pL for volume of extraction solvent
and 6.5 % (w/v) for salt concentration. Under the optimal
conditions, the relative standard deviation (RSD,
C=500 pg L', n=>5), limit of detection (LOD), linear dy-
namic range (LDR), and coefficient of determination (R?)
were 1.08 %, 2 ug L', 50-1,500 pg L', and 0.991, respec-
tively. The present method consisted of a simple and fast
sample preparation procedure without any antioxidant addi-
tion, saponification, and purification was used.

Keywords {3-carotene - Dispersive liquid—liquid
microextraction - Central composite design - UV—vis
spectrophotometry

Introduction

[3-carotene (BC) is a natural compound belonging to the
carotenoids (organic pigments) family that, in turn, are a part

H. Sereshti (<) - M. Ahmadvand - S. Asgari

Department of Chemistry, Faculty of Science, University of Tehran,
P.O. Box 14155-64555, Tehran, Iran

e-mail: sereshti@ut.ac.ir

S. Asgari
e-mail: Shohreh.Asgari@khayam.ut.ac.ir

of the isoprenoids group. BC is the major carotenoid present
in the human diet and organisms that shows pro-vitamin A
activity. It is mainly present in plant sources of the human
food and just partly present in animal-derived diet. Mainly
green, yellow, orange, and red vegetables such as broccoli,
brussels sprouts, peppers, tomatoes, spinach, carrots, sweet
potato, pumpkin, and paprika as well as colored fruits like
apricot, pink grapefruit, cherry, mango, papaya, and peach
are rich in BC. 3-carotene is also used as a coloring agent
for foodstuffs like margarine, butter, and many soft drinks.
In the human body, the concentration of BC in the serum is
in the range 0f 0.34 to 0.89 uM, and in the liver is between 0
and 19.4 uM with an average level of 4.4 uM (Keijer et al.
2005, Riihl 2005).

[3-carotene is the most important precursor of retinol and
other retinoids. Moreover, it has certain other functional
properties such as radical quenching, antioxidant, and an-
ticarcinogenic activities, and regulation of cell proliferation
(Kotake-Nara et al. 2001). The uptake of BC is necessary
for the prevention and treatment of degenerative diseases
related to oxidative stress, such as UV-mediated skin or eye
diseases, neurodegenerative diseases, and cystic fibrosis.
BC also reduces risk of lung and some types of cancer
(Siems et al. 2005).

A literature review showed that a range of analytical tech-
niques like UV-vis spectrophotometry (Craft and Soares
1992; Torrecilla et al. 2008; Tzouganaki et al. 2002; Zang
et al. 1997), HPLC (Franko et al. 1998; Camara et al. 2010),
liquid chromatography-mass spectrometry (Frenich et al.
2005; Granado-Lorencio et al. 2010), ultra-performance liquid
chromatography (Chauveau-Duriot et al. 2010), LC-MS-MS
(Fang et al. 2003), Fourier transformation-Raman, attenu-
ated total reflection infrared spectroscopy, and near-
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infrared spectroscopy (Baranska et al. 2006) have been
successfully used for the analysis of carotenoids in differ-
ent matrices.

Among these measurement techniques, the UV—vis ab-
sorption spectroscopy has mainly been used in quantitative
(trace) analysis of metals, drugs, body fluids, and food due
to its sensitivity, reproducibility, and ease of operation.
Sensitivities in the 107> to 10°® M range (with enrichment
via solvent extraction), and precision of a few tenths of a
percent are typical (Kellner et al. 2004). The majority of
carotenoids exhibit absorption in the visible region of the
spectrum between 400 and 500 nm that changes with the type
of solvent (Zang et al. 1997). (3-carotene demonstrates three
different absorption peak at 435, 462, and 485 nm in chloro-
form with the A,.x (wavelength of maximum absorbance) of
462 nm.

However, most of analytical systems are not capable to
perform direct analysis of real samples without using a pre-
treatment technique. Depending on the type of working sam-
ple, removal of potential interferences, isolation, and/or
preconcentration of analyte are necessary to enhance the se-
lectivity and sensitivity of the proposed method. Therefore,
several extraction methods such as liquid-liquid extraction,
solid-phase extraction (SPE), and supercritical fluid extraction
(Gomez-Prieto et al. 2003; Kozukue and Friedman 2003;
Rozzi et al. 2002; Tzouganaki et al. 2002) have been applied
for extraction of 3-carotene from different matrices. In addi-
tion to the above mentioned pretreatment methods, a simple
and efficient extraction/preconcentration technique was intro-
duced by Assadi et al. in 2006 named dispersive liquid-liquid
microextraction (DLLME). This method provides high recov-
ery and enrichment factor within a very short time (a few
second) (Rezaee et al. 2006). The DLLME method is based on
the following two main steps: (1) first, a suitable mixture
extraction and disperser solvents is injected rapidly into
aqueous sample solution. Therewith, a cloudy solution,
including tiny droplets of the extraction solvent dispersed
entirely in the aqueous phase, is formed. Therefore, the
large contact surface area between two phases leads to the
establishment of a rapid equilibrium. (2) The cloudy so-
lution is then centrifuged to separate the phases. Finally,
the organic phase is removed and analyzed for determi-
nation of analyte(s) by an appropriate instrumental tech-
nique. The main parameters affecting the extraction effi-
ciency are the type and volume of extraction and disperser
solvents (Rezaee et al. 2010).

The present study was aimed to develop a simple, fast, and
efficient method for determination of (3-carotene in fruits and
vegetables. Therefore, the DLLME method followed by UV—
vis spectrophotometry was applied for this purpose. Response
surface methodology with a central composite design
(Almeida Bezerra et al. 2008) was used for optimization of
the main parameters of the method.
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Experimental
Instruments

UV-vis spectra were acquired on a PerkinElmer Lambda-850
spectrophotometer (PerkinElmer Life and Analytical
Sciences, Waltham, Mass, USA) using a couple of 1-cm
optical pathlength micro-cuvettes (Fischer Scientific, USA)
with a sample volume of 0.1 mL. A 100-uL Hamilton syringe
(Bonaduz, Switzerland) was used to transfer the
preconcentrated sample solutions into the micro-cuvettes.
Centrifuges were performed by a Hermel-Z200A (Hemel
Labortechnik, Wehingen, Germany). A vortex mixer (Velp
Scientifica, Milan, Italy) was used for homogenization of
mixtures.

Chemicals and Reagents

[3-carotene 95 % was purchased from Sigma-Aldrich (St.
Louis, Mo, USA). Chloroform, methanol, and sodium chlo-
ride with the purity higher than 99 % were purchased from
Merck Chemicals (Darmstadt, Germany). The standard stock
solution (1,000 mg L") of B-carotene was prepared in chlo-
roform. Working solutions were daily prepared by diluting the
standard stock solution with methanol.

The Procedure

Five microliter of aqueous solution of NaCl 6.5 % (w/v) was
placed in a 12-mL conical glass test tube. Then 1 mL of
methanol (disperser solvent) containing 500 ug L' p-
carotene and 115 puL chloroform (extraction solvent) was
injected rapidly into the solution by using a 2-mL syringe.
Thereby, a stable cloudy solution (containing droplets of
chloroform dispersed into the aqueous phase) was formed.
In this step, -carotene was extracted into the chloroform
droplets. After centrifugation at 4,000 rpm for 3 min, the
chloroform phase was sedimented at the bottom of the test
tube. The sedimented phase (consisted of the preconcentrated
[3-carotene) was removed by a 100-uL Hamilton syringe and
placed into the micro-cuvette. UV—vis spectrophotometry
analysis was carried out in the wavelength range from 400
to 500 nm with a data interval of 1 nm and scanning speed of
266.75 nm min . A spectral bandwidth of 2 nm and detector
response of 0.2 s was selected for all measurements.

Data Analysis

The PerkinElmer UV Winlab software package was used for
collecting and organizing of the data and recording the UV—
vis spectra. Designing the experiments for the central com-
posite design, analyzing and modeling the data, analysis of
variance, and constructing the related plots were performed by
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using a trial version of “Design-Expert 7.1.3” (Stat-Ease Inc.,
Minneapolis, USA).

Result and Discussion
Effect of Extraction Solvent Type

The major requirements for selection of a solvent for UV—vis
spectrometry are the transparency throughout the target wave-
length region and the capability to dissolve sufficient quantity
of'the sample to obtain well-defined peaks (Skoog et al. 1996).
Moreover, it must be immiscible with aqueous phase and has
density higher than water. According to the literature review,
the best solvents for carotenoids are chloroform (density
1.48 ¢ mL™"), dichloromethane (density 1.33 g mL™"), and
tetrahydrofuran (THF, density 0.889 g mL™") in which the
solubility may attain values of 1,000 to 10,000 mg L™ (Craft
and Soares 1992). However, since the solvents with higher
density than water were preferred, THF was not considered
for further experiments. Therefore, chloroform and dichloro-
methane were examined in accordance with the proposed
procedure. Despite higher solubility and molar absorptivity
of [3-carotene in dichloromethane (6,000 mg LY A
460 nm, molar absorptivity, 128,300 L mol ' cm™") in com-
parison to chloroform (solubility, 2,000 mg LY A, 462 nm,
molar absorptivity, 125,000 L mol™' ¢cm™"), the maximum
recovery (in percent) with higher repeatability was achieved
by using chloroform (Fig. 1). This is due to lower solubility of
chloroform in water (8 g L") that leads to higher sedimented
phase. In the case of dichloromethane with 20 g L™" solubility
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Fig.1 Influence of extractor and disperser solvent type on the extraction
efficiency. Extraction conditions: Extraction solvent (chloroform and
dichloromethane), 100 pL; salt concentration, 10 % w/v; concentration
of B-carotene, 500 pg L'; absorbance measured at 462 nm. The error
bars represent the standard deviation of the measurements (1 =3)

in water, by using 100 pL, the maximum volume of
sedimented phase was only 30 pL. Thus, chloroform was
chosen as extractor solvent for further experiments.

Effect of Disperser Solvent Type

The most important characteristic of disperser solvent is good
miscibility with both extracting solvent and aqueous solution.
Therefore, methanol, ethanol, and acetone were tested for this
purpose. In the test experiments, the 500 g L' of B-carotene
was extracted by 100 pL extraction solvent in a 10 % w/v
solution of NaCl. The results in Fig. | showed that the max-
imum recovery (in percent) was obtained using methanol as
the disperser solvent. Therefore, it was considered in further
experiments.

Response Surface Methodology Optimization

In order to achieve the highest possible efficiency of the
proposed method and obtaining the optimal conditions at
which the best possible response is produced, a rotatable and
orthogonal central composite design (CCD) was applied.
Rotatability of the design provides constant variance of the
estimated response corresponding to all new observation
points that are at the same distance from the center point of
the design. An experimental design is orthogonal if each factor
can be evaluated independently of all the other factors. A
CCD is a combination of factorial points (N;=2), axial points
(N,=2f1), and a set of center points (Ny), where f'is the number
of factors (Morgan. 1991; Zeaiter et al. 2004). Table 1 repre-
sents the factors, their symbols, and levels.

The value of o and Ny needed to ensure orthogonality and
rotatability was calculated from Egs. (1) and (2), respectively.

a=vN¢ (1)

a:\/\/(Nf+Na+NO)Nf'Nf (2)
2

Table 1 Factors, their symbols, and levels for the central composite
design

Factor Symbol Level
- -1 0 1 +x
Volume of extraction E 100 115 150 185 200
solvent (uL)
Salt concentration S 5.0 6.5 100 13,5 150
whv %)
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Accordingly, the axial spacing and N, were equal to £1.414
and 8, respectively. The total number of experiments (N)
needed to perform CCD was obtained equal to 16 by using
Eq. (3) as follows:

N =N¢+ Ny +Np (3)

The experiments were randomized in order to minimize the
effect of uncontrolled factors. The design matrix for CCD

A = by+ BIE + bS + bES + byE? + bsS?

by = +2.23,b; =—0.02,b, = —0.07,b3 = +2.78 x 107*, by, = +3.81 x 107, bs = +1.23 x 107>,

including the experiments and the related responses is given
in Table 2.

According to the experimental results of performing the
central composite design, a quadratic polynomial model
(Eq. (4)) with the most reasonable statistics was
established. This model in terms of the actual values of
the significant effects, consists of two main effects (S and
E), one two-factor interaction effect (ES), and two quadratic
effects (E* and S?).

Where A is the absorbance of the solution, E is the volume
of extraction solvent, and S is salt concentration. The sign and
absolute value of the coefficients shows the direction and the
weight of relationship between the terms and absorbance,
respectively. An interaction occurs when the response is dif-
ferent depending on the settings of two factors. The interaction
plots make it easy to interpret two factor interactions. They
will appear with two non-parallel lines, indicating that the
effect of one factor depends on the level of the other
(Fig. 2). The “I beam” range symbols on the interaction plots
are the result of least significant difference calculations. If the

Table 2 The matrix of design for the central composite design

Run E (uL) S (W/v %) Absorbance
1 150 15.0 0.29
2 185 13.5 0.22
3 150 10.0 0.27
4 150 10.0 0.27
5 115 13.5 0.38
6 150 10.0 0.28
7 150 10.0 0.27
8 100 10.0 0.55
9 150 10.0 0.28
10 200 10.0 0.19
11 115 6.5 0.49
12 150 10.0 0.25
13 150 5.0 0.33
14 185 6.5 0.19
15 150 10.0 0.26
16 150 10.0 0.27
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plotted points fall outside the range, the differences are un-
likely to be caused by error alone and can be attributed to the
factor effects. If the “I beams” overlap, there is not a signifi-
cant difference (95 % confidence is default) between the two
points.

To analyze the validity of the model and significance of the
effects, analysis of variance (ANOVA) was performed on the
entire dataset (Table 3). The F' value which is the test for
comparing the variance associated with a term with the resid-
ual variance is equal to 132.87 for the model and thus implies
the model is significant. The lack of fit ¥ value of 3.83
indicates that it is not significant relative to the pure error. In
addition, there are three determination coefficients including
R?, adjusted-R?, and adequate precision that demonstrate
quality of the model. R* shows the amount of variations

0.56 Salt concentration (W/V %)
o 0.46—
Q
=
®
Tt
5 036
w
=
<
0.26 -
0.16 e

T T T T T
114 132 150 167 185
Extraction solvent volume (uL)

Fig. 2 The plot of interaction between volume of extraction solvent (E)
and salt concentration
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Table 3 Analysis of variance (ANOVA) for the central composite design

Source?® Sum of squares® d.f° Meansquare® F value® p value, prob>F~

Model 0.15 5 2.9%1072 132.87 <0.0001 Significant
E 0.12 1 0.12 541.59 <0.0001 Significant
S 225%1073 1 225%1073 10.17 0.0097 Significant
ES 4.82x1073 1 4.82x107° 21.79 0.0009 Significant
E? 1.8x1072 1 1.8x102 82.24 <0.0001

s? 1.89x107° 1 1.89x1073 8.54 0.0152

Residual® 221x1073 10 221x107*

Lack of fit 1.37x107 3 458x107* 3.83 0.0651 Not significant
Pure error' 837x107* 7 1.19x107*

Cor. Total 0.15 15

#Source of variation

® Sum of the squared differences between the average values and the overall mean

¢ Degrees of freedom
9Sum of squares divided by d.f

¢ Test for comparing term variance with residual (error) variance

TProbability of seeing the observed F value if the null hypothesis is true

€ Consists of terms used to estimate the experimental error

" Variation of the data around the fitted model
Variation in the response in replicated design points
I Totals of all information corrected for the mean

around the mean and was equal to 0.991. The adjusted R? is
inversely related to the number of model terms and was equal
to 0.9778. Adequate precision is a signal to noise ratio that

Fig. 3 Three dimensional
response surface plot of the effect
of volume of extraction solvent
(E) and salt concentration (S) on
the response

Absorbance
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to 38. Adequate precision is calculated using the following
Eq. (5):

max(?)—min(?) 7(A> e —/n Po?
—— s >4 , V(7 :_Zile(Y):_
7(7)

Where p is the number of model parameters (including
intercept (by) and any block coefficients), o~ is residual MS
from ANOVA table, and n is the number of experiments
(Design-Expert 7.1.3" (Stat-Ease Inc., Minneapolis, USA).

For graphical interpretation of the significant interaction of
the model (ES), three-dimensional response surface plot of the
model was considered. Figure 3 shows the simultaneous effect
of volume of extraction solvent (E) and salt concentration (S)
on the response. In the present study, the volume of the
extraction solvent was investigated in the range of 100 to
200 pL. With the volumes lower than 100 pL, the volume
of the sedimented phase after centrifugation was not enough
for UV—vis analysis. When the volume of the extraction
solvent increases from 100 to 200 puL, the response
(absorbance) was decreased. This decrease is related to the
fact that with increasing the volume of chloroform, the dilu-
tion effect predominates over the extraction capacity and thus
the extraction efficiency decreased. The influence of salt con-
centration on the performance of the method was studied in 5—
15 % (w/v) range. Figure 3 illustrates that at higher volumes
of the extraction solvent the salt concentration produced no
considerable effect on the response. However, at lower vol-
umes, the response decreases moderately with increasing the
salt concentration. This phenomenon is attributed to the in-
creased viscosity of the aqueous solution that overcomes the
salting-out effect.

Finally, optimum value of the significant parameters was
calculated using the numerical optimization option of the
Design-Expert software package 7.1.3. In this method, the
goal for the parameters (volume of extraction solvent and salt
concentration) was set “within range.” And the response was
set at “target” 0.5, where the indeterminate errors in the
measurement of absorbance is minimum. The goals were
combined into an overall desirability solution. Although the
desirability is normally used for optimization of multi-
responses designs, but any individual response may also be
considered to show the optimum point. The program seeks to
maximize this function. The goal seeking begins at a random
starting point and proceeds up the steepest slope to a maxi-
mum. By starting from several points in the design space,
chances improve for finding the “best” local maximum.
Therefore, the optimal conditions were obtained as follows:
volume of extraction solvent (chloroform), 115 pL; and salt
concentration, 6.5 (w/v %). To evaluate the accuracy of the
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results obtained by the response surface model, the method
was carried out at the optimum conditions. The experimental
response with five replicates was 0.4987. The results showed
a good agreement between optimum calculated response
(0.5022) and experimental response.

Analytical Figures of Merit

Under the optimal conditions (volume of extraction solvent,
115 uL; and salt concentration, 6.5 % w/v), the analytical

Table 4 [(3-carotene content in 100 mg of different real samples

Real sample  Added (ug kg ') Found+SD (ng)  Relative

recovery (%)

Carrot 0 4.40+0.26 -
5 9.23+0.34 96.6
10 14.27+0.53 98.7

Pumpkin 0 3.3540.18 -
8.27+0.32 98.4
10 13.08+0.48 97.3

Mango 2.62+0.16 -
7.51+0.36 97.8
10 12.51+0.53 98.9

Cauliflower 0 0.54+0.09 -
5.45+0.17 98.2
10 10.23+0.35 96.9

Persimmon 0 243+0.21 -
7.20+0.41 954
10 12.15+0.57 97.2

Beetroot 0.59+0.06 -

5.51+0.28 98.47

10 10.31+0.31 97.2

Green beans 0 0.90+0.11 -
5.71+0.31 96.2
10 10.75+0.46 98.5

Chili pepper 0 2.93+0.19 -
7.89+0.24 99.2
10 12.74+0.35 98.1

Lettuce 0 1.45+0.14 -
6.32+0.23 97.4

10 11.05+0.29 96

Cabbage 0 0.81+0.16 -
5 5.59+0.24 95.6
10 10.28+0.47 94.7

Broccoli 0 0.84+0.13 -
5.71+£0.21 97.4
10 10.82+0.32 99.8

Turnip 0.69+0.07 -
5.58+0.19 97.8
10 10.25+0.27 95.6
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characteristics of the method for determination of (3-carotene
was obtained. The calibration graph was constructed with nine
concentration levels of 3-carotene in methanol in the range of
50-1,500 pug L' at 462 nm and was characterized with
coefficient of determination (R?) of 0.991. Limit of detection
based on 3Sy/m (where S4 and m are standard deviation of the
blank and slope of calibration graph, respectively) was
2 pg L', The limit of quantification was calculated equal to
7 ug L" using 10S4/m.

Repeatability and reproducibility of the proposed meth-
od were determined by intraday and interday measure-
ments, respectively. The intraday relative standard devia-
tion (C=500 ug L™, n=5) was 1.08 % and interday RSD
(C=500 pg L', n=5, in three successive days) was 4.23 %.

Real Sample Analysis

To investigate the applicability and efficiency of the proposed
method, the fresh and unprocessed (raw) fruits and vegetables
consisted of carrot, mango, pumpkin, persimmon, beetroot,
green beans, chili pepper, cauliflower, lettuce, cabbage, broc-
coli, and turnip were tested. For this purpose, 100 mg of the
sample was placed in a test tube and 5-mL distilled water was
added to it. Then, the mixture was homogenized by vortexing
at 2,500 rpm for 3 min. Afterward, the extraction was per-
formed on 0.5 mL of the mixture according to the proposed
procedure under the optimal conditions. The amount of f3-
carotene in each sample was obtained and given in Table 4.
Moreover, for the evaluation of matrix effect, each sample was
spiked with two standard solutions of {3-carotene (5 and
10 pg L") and tested in accordance with the proposed proce-
dure. Then, the relative recoveries were calculated using
Eq. (6) and given in Table 4.

_ Cround = Creal

RR
Cadded

% 100 (6)

Where Ciounds Creat, and Cugqeq are the concentrations of
analyte after addition of known amount of standard in
the real sample, the concentration of analyte in real
sample, and the concentration of known amount of
standard which was spiked to the real sample, respec-
tively. The obtained relative recoveries ranging from
94.70 to 99.80 % represent no significant matrix inter-
ference; therefore, the method did not require further
clean-up during the procedure.

Conclusion

[3-carotene is one of the main antioxidant nutrients in
human diet that is partially supplied by fruits and

vegetables. The (3-carotene content of fruits reflects partly
nutritional value of them. Therefore, the determination of
vitamins, as essential factors in the diet, in plant sources
of the human food is of practical importance since they
concern with human health. In the present work, the
DLLME method combined with UV-vis spectrometry
was developed for determination of trace levels of (3-
carotene in the complex matrix of fruits and vegetables.
The method was optimized and the results were modeled
statistically with the aid of a CCD. In addition to success-
ful quantification of (3-carotene, the proposed method
offered advantages such as simplicity, speed, sensitivity,
low cost, and high efficiency with good reproducibility.
Furthermore, the procedure is environmentally friendly
because it consumes very low volumes of organic sol-
vents (1 mL of methanol and 115 pL chloroform) without
using even more toxic chemicals.
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