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The soluble color pigments of raisin are separated by reversed-
phase thin-layer chromatography (TLC), and the capacity of
TLC-Fourier transform infrared (FTIR) with both on-line and off-
line coupling is assessed for the identification of the main fraction.
TLC has also been used as a pilot technique for the development of
a gradient elution method for the separation of pigments by high-
performance liquid chromatography (HPLC). On-line TLC-FTIR
cannot be used for identification because of the strong adsorbance
of the stationary phase. Off-line TLC-FTIR combined with the
retention behavior of the main pigment fraction indicates that it is
a polymer, caramel-like compound composed of erythrose and
fructose monomers. Baseline separation of pigments is achieved by
HPLC using TLC as a pilot method.

Introduction

The quantity and composition of color pigments in foods and
food products exert a marked influence on the consumer
acceptance and, consequently, the commercial value of the
products. It has been established many times that one of the
main properties employed for the evaluation of the product
quality is the color; that is, an adequate color considerably
enhances the marketability. Spectroscopic methods measuring
either the absorbance of pigment solutions or the adsorbance
of the color of product surfaces on one or more wavelengths in
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the visible range are reliable tools for the accurate determina-
tion of the quantity of pigments (1,2). The greatest disadvan-
tage of the spectroscopic methods is that they do not contain
any useful information on the concentration of the various
pigment fractions, and they are not suitable for the identifica-
tion of the individual pigments. Because the stability of the pig-
ments against hydrolysis, oxidation, and other environmental
and technological conditions (3,4) shows marked differences,
the exact determination of the pigment composition may help
in the prediction of the shelf-life of products and the assess-
ment of the influence of technological steps on the pigment
fractions, resulting in more consumer-friendly processing
methods. Furthermore, the qualitative determination and iden-
tification of the pigments may contribute to the establishment
of the provenance of the product (5,6).

The advantageous application parameters of thin-layer chro-
matography (TLC), such as ease of use, inexpensiveness, no
need for complicated instrumentation, multifold possibilities
of detection, etc., have made it a preferred method for the
separation and, to a lesser extent, quantitative analysis and
identification of natural pigments. Previous results in the em-
ployment of TLC for the separation of natural color pigments
in general (7) and specifically in plants (8) have been reviewed.
The information content of TLC can be considerably enhanced
by using various hyphenated techniques (9). Due to its high
capacity of discrimination, Fourier transform infrared (FTIR)
has also been successfully coupled with TLC (10,11). The appli-
cation of on-line TLC-FTIR coupling for the analysis of drugs
(12,13), adenosine in biological samples (14), and environ-
mental pollutants in waste water (15) was previously reported.
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A possible drawback of the on-line TLC-FTIR coupling is the
strong absorbance of infrared light by the supports, which can
interfere with the IR spectra of the compounds. This disad-
vantage can be overcome by the extraction of compounds from
the support followed by the determination of the IR spectra in
an IR-transparent medium. This method is more time con-
suming and less elegant than the on-line coupling; moreover,
the probability of introducing impurities during the extraction
process is higher. The use of on-line or off-line TLC-FTIR
methods always depends on the characteristics of the
TLC/solute molecule system under investigation.

TLC can be used not only for the rapid separation of com-
pounds but also for the prediction of their retention behavior
in high-performance liquid chromatography (HPLC) (16,17).
The application of TLC as a pilot method for HPLC makes pos-
sible the detection of compounds in the sample that show very
low mobility or do not move in the mobile phase. These com-
pounds can cause baseline drifting and can contaminate the
column.

The objectives of the present study were the development of
a TLC and HPLC method for the separation of the color pig-
ments of raisins and the application of on-line and off-line
TLC-FTIR coupling for the tentative identification of the main
pigment fraction. To the best of our knowledge, the color pig-
ments of raisins have never been studied in detail.

Experimental

Materials

Raisins were prepared from grapes (provenance Algarve,
Portugal) by sun drying. Grape varieties were as follows for
samples: numbers 1-4, “Rubi Seedless”; number 5, “D. Maria”;
numbers 6 and 8, “Sultana” (seedless); and number 7, “Cente-
nial” (seedless).

Extraction of color pigments
Preliminary investigations

One gram of raisin was thoroughly ground with 2 g of acid-
washed sand, and 8.5 mL of extracting solvent was added to the
sample under continuous mixing. Water, methanol, acetone,
acetonitrile, terahydrofuran, and dioxane and the mixtures of
water—organic components in 1:3, 1:1, and 3:1 (v/v) ratios were
employed as extracting solvents. After extraction, the samples
were centrifuged, and the visible spectra of the supernatant was
determined from 400 to 700 nm with a Jasco (Tokyo, Japan)
V-570 UV/VIS/NIR spectrophotometer.

Determination of extraction time and efficiency

Because pure methanol was found to be the best solvent, it
was used for the following investigations. Samples were pre-
pared with methanol as described previously and were filled in
a glass tube of 100 x 10-mm i.d. The column was washed with
methanol at a flow rate of 0.2-0.4 mL/min, and 8 fractions of
1 mL each were collected. The visible spectra of fractions were
determined as described previously. The efficiency of the extrac-
tion was determined by measuring the spectra of the solid
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sample before and after the methanol extraction in reflectance
mode and then extracting the spectra taken after extraction
from the spectra taken before extraction. Each experiment was
run in quadruplicate, and the mean and relative standard devi-
ation of the various extraction steps were calculated.

Reversed-phase TLC

DC-Alufolien Kieselgel 60 Fy5, and DC Alufolien Aluminiu-
moxid 60 Fy5, plates (Merck, Darmstadt, Germany) were
impregnated by overnight predevelopment in 95:5 (v/v)
n-hexane—paraffin oil. Alugram RP-18/UV,s, plates (Macherey-
Nagel, Diiren, Germany) were used as received. Extracts of
raisins were spotted onto the plates, and the plates were devel-
oped with water containing various concentrations of
methanol, acetone, tetrahydrofuran (THF), and dioxane. Plates
were developed in sandwich chambers (22 x 22 x 3 c¢m) at
ambient temperature, the distance of development being
approximately 17 cm. Because of the possible sensitivity of
pigments to light, development was performed in the dark.
After development, the plates were dried at room temperature
and evaluated visually, and the plates showing good separation
were evaluated by means of a Shimadzu (Kyoto, Japan) CS-930
dual wavelength TLC scanner at 340 and 670 nm, the charac-
teristic wavelengths of yellow and red pigments. Developments
were run in triplicate, and the mean and relative standard
deviation of the R values were calculated separately for each
fraction and each TLC system. Because the separation capacity
of the various plates was similar, further investigations were
carried out on Alugram RP-18/UVss, plates developed with 3:7
(v/v) water-THF as mobile phase. The use of ready-made
reversed-phase plates made the time-consuming impregna-
tion step unnecessary.

TLC-FTIR on-line coupling

The main pigment fraction was measured on the plate by a
Nicolet 170SX FTIR spectrometer (Nicolet Instrument Co.,
Madison, WI) equipped with a diffuse reflectance accessory
prepared in our institute. The spectra of the plate and the
main pigment fraction were measured (resolution, 4 cm=;
scan, 1024) and the background spectra of the plate was
extracted from that of the pigment.

TLC-FTIR off-line coupling

The main pigment fraction was scraped off and put into a
glass tube 100 x 10 mm in size. It was washed continually
with 20 mL of methanol at a flow rate of 0.5 mL/min. The
eluate was concentrated in a vacuum and then redissolved in
20 pL of methanol, and the FTIR spectra were determined by
a Nicolet Magna 750 FTIR spectrometer using a KBr pellet of
4-mm diameter (resolution, 4 cmL; scan, 128). The spectra
were identified using an FTIR spectra library (18). The spectra
of D-erythrose, showing the highest similarity with the spectra
of the main pigment fraction, were extracted from the pig-
ment spectra, and the difference spectra were again identified
using the same library. FTIR measurements and the interpre-
tation of FTIR spectra were carried out by Dr. Sandor Holly
(Institute of Chemistry, Chemical Research Centre, Hungarian
Academy of Sciences, Budapest, Hungary).
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Reversed-phase HPLC

Separations were carried out with an ISCO (Lincoln, NB)
model 2360 pump, a Waters (Milford, MA) photodiode-array
detector, an NEC PowerMate SX/16 computer with PDA pro-
gram, and a Valco (Houston, TX) injector with a 20-pL sample
loop. Pigments were separated on an analytical column (250 x

Table I. Steps of Gradient Elution for the Separation of
Color Pigments of Raisin by Reversed-Phase HPLC

Time Water volume Tetrahydrofuran
(min) (%) volume (%)
0 100 0
5 100 0
25 50 50
45 50 50
55 5 95
80 5 95
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Figure 1. Visible spectrum of methanol extract (raisin number 3, fraction 4).

4-mm i.d.) packed with octadecylsilica (Lichrospher, 5-um par-
ticle size, Merck) in our laboratory using a Shandon (Pitts-
burgh, PA) analytical HPLC packing pump. A precolumn (35 x
4 mm i.d.) was filled with the same stationary phase. Columns
were not thermostated, separations were performed at room
temperature (20-22°C). Because TLC indicated that only a
THF organic modifier can elute each pigment fraction under
reversed-phase conditions, a gradient elution using water and
THF was employed for the separation. The steps of gradient
elution are shown in Table I. The flow rate was 1 mL/min, and
the detection wavelength was set from 300 to 600 nm.

Results and Discussion

The relative standard deviation of the various extraction
steps was high, ranging from 23 to 34%. The low repeatability
of the extraction can be tentatively explained by the uneven

Table I1. Relative Percent Quantity of Color Pigments in
Raisins Extracted with Methanol*

Number of raisin Pigment (%)

100
99.17
87.38
76.48
48.61
30.38
24.96
12.62

o N O Ul B Wb —

* Absorbance at 400 nm. Numbers refer to raisins in Experimental section.
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Figure 2. Densitograms of color pigments of raisins. Alugram RP-18/UV,s, plates; mobile phase water-THF (3:7): raisin 8, detection wavelength 340 nm (A);
raisin 3, detection wavelength 340 nm (B); raisin 8, detection wavelength 670 nm (C).
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efficiency of the grinding and the inherent inhomogeneity of
the raisin samples. The extraction efficiency of water and
water—organic solvent mixtures were markedly lower than that
of pure organic solvents. The differences among the perfor-
mance of organic solvent were relatively low. Because of the
relatively high quantity of extracted pigments and the trans-
parency, methanol was chosen as the solvent for the further
investigations of the extract.

When the time of extraction is rapid, the monotonous
decrease of absorbance can be expected by washing the sample
with methanol. The results contradict this supposition; the
highest concentration of pigments was found in the second,
third, and even fourth fraction, depending on the type of raisin.
This fact indicates that pigments are more or less strongly
bonded to insoluble cell constituents in raisin; their dissolution
is fairly slow and the dissolution rate depends considerably on
the binding characteristics of the accompanying matrix. A typ-
ical visible spectrum of a fraction is shown in Figure 1. The
spectrum indicates that the quantity of yellow pigments is
considerably higher than that of red ones. This finding was
equally true for raisins prepared from red and white grapes,
indicating that during the drying, red pigments are lost or
bonded covalently to insoluble cell fractions. The spectrum
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Figure 3. Kubelka-Munk spectrum of Alugram RP-18/UV,s, plate.
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Figure 4. FTIR spectra of the main pigment fraction (upper) and D-Erythrose
(lower).
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further suggests that anthocyanins, the main color pigments of
grapes, are not present in the soluble pigment fraction of
raisins. The quantity of extracted pigments are compiled in
Table II. Large differences were observed among the quantity
of soluble pigments, indicating that the pigment concentration
markedly depends on the type of grapes used for the production
of raisins. However, it must be emphasized that this conclusion
is valid only for the soluble pigment fraction, and it is not
necessarily true for the total pigment concentration, which can
be measured only in the reflectance mode.

Reversed-phase TLC

The number and Ry value of a pigment fraction depended
markedly on the type and concentration of the organic modi-
fier in the mobile phase. Each pigment showed regular reten-
tion behavior on each plate: the retention decreased with
increasing concentration of organic component in the mobile
phase. Except in water-THF mobile phases, some pigment
fractions remained on the start in every other TLC system.
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Figure 5. Difference spectra of the main pigment fraction and D-Erythrose
(upper) and D-Fructose (lower).
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Figure 6. HPLC chromatogram of the color pigments of raisin. For chro-
matographic conditions, see the Experimental section.
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This finding indicates that the solvent strength of THF is spe-
cially high for these classes of color pigments. Because THF is
a good solvent for polymers, its high elution strength indicates
the polymer character of the pigments (19). Some densi-
tograms are shown in Figure 2. The pigment composition of
raisins was similar but not identical, the ratio of pigment frac-
tions being markedly different (compare densitograms A and
B). The peaks of the main pigment fractions were wider than
expected from the separation capacity of TLC. Because small
pigment molecules as anthocyanins form well-defined narrow
peaks in TLC, the width of the peaks indicates that the pig-
ments are not small molecules; they possibly contain more
than one fraction, and the fractions are of a polymeric char-
acter. The comparison of densitograms A and C supports our
previous conclusion that the quantity of red pigments is rela-
tively low in the soluble pigment fraction of raisin.

TLC-FTIR on-line coupling

The Kubelka-Munk spectra of the Alugram RP-18/UVs, plate
without pigment fraction is shown in Figure 3, proving that the
reversed-phase support is a strong IR adsorbent. Because of
the strong background adsorbance, the difference spectra was
not clear enough and cannot be used for identification.

TLC-FTIR off-line coupling

The FTIR spectra of the main pigment fraction and that of
D-Erythrose are shown in Figure 4, and their difference spectra
and that of D-Fructose are shown in Figure 5.

The spectra clearly show that off-line TLC-FTIR can be suc-
cessfully used for the determination of the IR spectra of the
main pigment fraction, whereas on-line TLC-FTIR was not
suitable for this purpose. It must be emphasized that the con-
clusion outlined here is based only on the experimental results,
and it is not supported with theoretical considerations; there-
fore, its generalization may lead to serious misinterpretation of
the performance of on-line and off-line TLC-FTIR.

The comparison of spectra suggests that the main pigment
fraction probably contains a saccharide such as erythrose,
which is the decomposition product of glucose and fructose as
monomer building units.

Reversed-phase HPLC

A typical chromatogram is shown in Figure 6. Similar to
TLC, pigments are separated in three main fractions. The base-
line separation indicates that HPLC can also be successfully
used for the analysis of color pigments of raisins. The
uncommon peak width again suggests the polymer character
of the fractions.

Conclusion

It can be concluded from the data that the majority of color
pigments of raisins are insoluble in common solvents. It can be
assumed that they are covalently bound to the insoluble cell
components. TLC-FTIR off-line coupling can be used for the
separation of soluble pigment fraction and the tentative iden-

tification of the main pigment fraction. Furthermore, TLC can
be employed as a pilot method for the development of a gra-
dient elution method for the HPLC separation of pigments.
TLC-FTIR indicated that the main soluble pigment fraction of
raisin is a yellow polymer composed of monosaccharides. The
process of polymerization is not known. It can be assumed
that monosaccharides are oxidized chemically or enzymatically
during the drying of grapes, and the caramel-like oxidation
products account for the color of raisins. The determination of
the pigment composition may help the rapid evaluation of the
quality of raisins and the identification of their origin.
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