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Abstract

The colour pigments of five chili powders of different origins were separated and quantified by reversed-phase
high-performance liquid chromatography (RP-HPLC). The similarities and dissimilarities of pigment composition of chili
powders were elucidated by principal component analysis (PCA). RP-HPLC separated 50—100 pigment fractions depending
on the detection wavelength and on the origin of chili powder. It was found that the pigment composition of chili powders
from Malaysia and China and from India and Pakistan show marked similarities while the composition of colour pigments of
chili powder from Thailand was different. It was further established that the chromatograms are similar in the first 5-35 min
of development, they are highly different between 35 and 75 min and moderately different at the end of the chromatograms.
It was concluded that RP-HPL C followed by PCA can be successfully used for the identification of chili powders according
to the composition of their colour pigments. [0 2001 Elsevier Science BV. All rights reserved.
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1. Introduction

Various high-performance liquid chromatographic
methods (HPLC) have been frequently used for the
separation and quantitative determination of natural
and synthetic colour pigments in foods and food
products. Earlier results have been previously re-
viewed [1]. Thus, procyanidins from apples, fruits
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and fruit juices were fractionated by size-exclusion
chromatography and the solutes were identified by
time-of-flight mass spectrometry [2], flavonol agly-
cones and glucosides were determined in berries by
reversed-phase HPLC (RP-HPLC) using electrospray
ionization mass spectrometry and diode array ultra-
violet detection [3], anthocyanic pigments in red fruit
juices [4], etc. The pigment composition of onion
and celery [5], tomato juice [6], red peppers (Cap-
sicum annuum) [7], grape skin extracts [8], red wines
[9], and hops and beer [10] have also been investi-
gated.

Besides the traditional HPLC techniques, the
application of ion-interaction chromatography [11],
high-performance ion chromatography [12], gel-per-
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meation chromatography combined with RP-HPLC
[13] and capillary zone electrophoresis [14,15] has
been reported. The considerable interest in the
analysis of pigments was motivated by the fact that
the exact knowledge of pigment composition may
help the identification (the authenticity) of the prod-
ucts [16].

The evaluation of large data matrices containing
the retention parameters of various pigment fractions
determined in different foods and food products is
not possible with the traditional linear regression
analysis. The application of various multivariate
mathematical statistical methods overcomes this
difficulty [17]. Principal component analysis (PCA),
a multivariate statistical method has been frequently
employed for the evaluation of retention data ma
trices [18,19]. PCA finds the relationships among all
parameters of the origina data matrix without defin-
ing one of two being the dependent variable. PCA
calculates the correlations among the columns and
rows of the matrix elucidating the similarities and
dissimilarities among them. PCA has been success-
fully used for the differentiation of Spanish white
wines [20], for the study of the interaction of some
steroid drugs with a B-cyclodextrin polymer [21], for
the elucidation of the relationship between retention
and molecular characteristics of environmental pollu-
tants [22], etc. As the matrices of PC loadings and
variables are generally multidimensiona too, the
reduction of the dimensionality of the matrices by
nonlinear mapping technique highly facilitate the
evauation [23].

The objectives of our study were the separation
and gquantitative determination of the colour pig-
ments of chili (Capsicum frutescens) powders of
different origin by RP-HPLC and the use of PCA for
the differentiation of the chili powders according to
the chromatographic profile of their pigments.

2. Experimental

The pigments of five chili powders of different
origin (sample |, Thailand; sample |l, Malaysia;
sample Ill, China; sample IV, India; sample V,
Pakistan) were extracted by shaking 3 g of chili
powder with 10 ml of acetone for 30 min. The
suspension was centrifuged and the supernatant

decanted. This procedure was repeated as the solid
rest was nearly white. The collected supernatants
were evaporated and redissolved in the mobile phase.
Each solvent for extraction and HPLC devel opment
was purchased from Merck (Darmstadt, Germany)
and was of HPLC quality. HPLC separation of
pigments was performed with a Waters LC Module |
HPLC instrument with an injection device of vari-
able volume and a Waters 746 Data Module inte-
grator (Waters-Millipore, Milford, MA, USA). Sepa-
rations were carried out on a narrow-bore Novapak
octadecylsilica column (150X2 mm 1.D., carbon
loading, 9.5%, Waters Division of Millipore, Milli-
pore, Milford, MA, USA). The column was not
thermostated; each analysis was performed at room
temperature (21+1°C). In order to determined the
ratio of yellow and red pigments, each measurement
was carried out at 340 (yellow pigments) and 440 nm
(red pigments). The flow-rate was 0.17 ml/min. The
gradient steps used for the separation of pigments are
compiled in Table 1. Each gradient step was linear.
Determinations were performed in triplicate and the
relative standard deviation (RSD%) of the retention
times and peak areas were calculated (intra-day
reproducibility). The inter-day reproducibility was
calculated from the three parallel determinations
carried out for four consecutive working days. In
order to find the differences between the intra- and
inter-day reproducibilities the corresponding RSD
values were compared with the ‘F probe.

PCA has been employed for the elucidation of the
similarities and dissimilarities of the pigment com-
position of chili powders. The five different chili

Table 1
Gradient elution used for the separation of the colour pigments of
chili (Capsicum frutescens) powders®

Time Solvent Solvent
(min) A (%) B (%)
0 15 85

25 80 20

35 80 20

45 90 10

55 90 10

58 97 3

120 97 3

“Solvent A, methanol—acetonitrile (80:20, v/v); solvent B,
bidistilled water.
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powders were taken as variables. As the retention
time of pigment fractions showed high variations
among the chili powders the retention times and
relative peak areas of the individual peaks cannot be
used as observations for PCA. Therefore, the peak
areas were summarized between the retention time
intervals of 5-15, 15-25, 25-35, 35-45, 45-55,
55-65, 65-75, 75-85, 85-95, 95105 and 105-115
min at both 340 and 440 nm, and were used as
observation for PCA (altogether 22 variables). The
limit of the variance explained was set to 99%. In
order to concentrate the information in a plane the
varimax rotation of the PC loadings around two axis
was carried out. The two-dimensional nonlinear map
of the PC loadings and variables were aso calcu-
lated. The iteration of the nonlinear map was carried
out to the point when the difference between the two
last iterations was lower than 10™°.

Software for PCA and nonlinear mapping was
developed by Dr. Barna Bordas (Plant Protection
Institute, Hungarian Academy of Sciences, Budapest,
Hungary).

3. Results and discussion

Colour pigments of each chili powder were well
separated under the RP-HPLC conditions applied
(Figs 1-4). The chromatographic profiles of pigment
fractions are different at 340 and 440 nm demon-
strating that chili powders contains both red and
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Fig. 1. Separation of color pigments of chili powder (origin,
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Fig. 2. Separation of color pigments of chili powder (origin,
Malaysia) at 440 nm. For conditions see Section 2.
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Fig. 3. Separation of color pigments of chili powder (origin,
Thailand) at 340 nm. For conditions see Section 2.
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Fig. 4. Separation of color pigments of chili powder (origin,

Thailand) at 440 nm. For conditions see Section 2.
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yellow pigments (compare Figs. 1 & 2 and 3 & 4).
This result suggests that the measurement of the
pigment composition a minimaly two different
wavelengths is necessary for the correct evaluation
of the pigment composition. The chromatograms of
pigments also differ according to the origin of the
samples (compare Figs. 1 & 3 and 2 & 4). This fact
indicates that the separation and quantitative de-
termination of pigment fractions may help the identi-
fication of the origin of chili powders. To the best of
our knowledge the pigment composition of chili
powder have never been studied in detail, and the
pigments have never been reliably identified. As
paprika and chili are closely related it can be
assumed that the pigments of chili are aso carot-
enoid derivatives but they are not necessarily identi-
cal with the pigments of paprika.

The relative peak areas of pigment fractions
measured at 340 and 440 nm are compiled in Table
2. Similarly to the conclusions drawn from Figs 1-4
it can be established again that the relative con-
centration of pigments depends on both the origin of
the sample and the wavelength of the detection, that

Table 2

Table 3
Similarities and dissimilarities between the pigment composition
of chili powders: results of principa component analysis

No. Eigen- Variance Tota variance
of PC value explained explained
(%) (%)

1 3.21 64.17 64.17
2 1.39 27.72 91.88
3 0.25 4.98 96.86
4 0.10 2.10 98.97
Principal component loadings
Chili powder No of principal component

1 2 3
Thailand 0.90 -0.14 —0.40
Malaysia 087 —0.45 0.15
China 0.86 —0.45 0.21
India 056 0.79 0.15
Pakistan 0.78 0.58 —0.03

means, that the chromatographic profiles of pigments
are characteristic for the chili powder.
The results of PCA using are compiled in Table 3.

Relative peak areas (%) of pigment fractions detected at 340 (A) and 440 nm (B)

No. Time of Wave- Origin of chili powder
?r:’rf;"pmem length Thailand Malaysia China India Pakistan

1 5-15 A 0.444 1.932 1.897 0.579 0.094
2 B 0.698 0.507 1101 0.725 1.397
3 15-25 A 0.355 1.130 0.144 0.137 0.517
4 B 0.036 0.188 0.460 0.555 0.314
5 25-35 A 0.643 0.396 0.325 0.142 0.437
6 B 1523 0.157 0.180 1.389 1.960
7 35-45 A 5.286 3.339 6.422 4.043 18.927
8 B 7477 0.296 0.059 8.903 8.296
9 45-55 A 13.956 13.140 13.486 80.108 41.271
10 B 16.049 2.081 0.832 21.627 21.498
11 55-65 A 7431 5.302 3.368 3.221 0.418
12 B 12.672 7.273 5.110 19.817 12.925
13 65-75 A 7.806 6.183 5.603 2.750 1.610
14 B 12.387 18.580 11.804 11.245 13.213
15 75-85 A 12.500 12.057 10.433 2.804 3.844
16 B 13.520 15.670 19.600 13.818 11.318
17 85-95 A 21.801 28.770 26.882 4.261 21.500
18 B 13.877 15.710 24.336 10.383 13.766
19 95-105 A 17.867 17.195 18.945 1.853 7.116
20 B 13.340 18.234 15.768 7.915 9.454
21 105-115 A 11.912 10.557 12.494 0.102 4.260
22 B 8.423 21.304 20.750 3.624 5.860
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Two principal components explain the majority of
variance indicating that the five original variables
can be substituted by three background (abstract)
variables with only 3.14% loss of information.
Unfortunately, PCA does not prove the existence of
such background variables as concrete physicochem-
ical entities, but only indicates their mathematical
possibility. The fact that each chili powder has a
high loading in the first PC indicates the basic
similarity of pigment composition of chili powders.
The rotated factor loadings after varimax rotation
around two axis are compiled in Table 4. The data
suggest that the highest similarity is between the
pigments of chili powders from China and Malaysia
and India and Pakistan. Chili powder of Thailand is
related to the chili powders of Malaysia and China.
The two-dimensional nonlinear map of PC loadings
is shown in Fig. 5. The distribution of the chili
powders entirely supports the conclusions drawn
from the result of varimax rotation: the points
representing the chili powders originating from
Malaysia and China are the nearest to each other.
The two-dimensional nonlinear map of PC vari-
ables (relative peak areas determined at different
time intervals and detection wavelengths) is shown
in Fig. 6. The points from three well-defined clusters.
The retention time intervals, 5-35 min (cluster A),
are very near to each other suggesting that the first
part of chromatogram is similar for each sample,
therefore, it cannot be used for the identification of
the samples. The points of 35-75 min intervals
(cluster B) show high variety that means that this
part of the chromatograms is characteristic for the
samples and can be used for identification. The
points representing the end of the chromatogram
(75—115 min, cluster C) show less variety than the
central part of the chromatograms. Interestingly the

Table 4
Varimax rotation of principal component loadings around two axes

Chili powder Rotated factor loadings

1 2
Thailand 082 0.38
Malaysia 097 0.11
China 0.97 0.10
India 0.03 097
Pakistan 0.32 091

F1
200
x Pakistan Malaysia x
China x
| |
0 160
x India
x Thailand
100

Fig. 5. Similarities and dissimilarities of chili powders according
to the composition of colour pigments. Two-dimensional non-
linear map of principal component loadings. Number of iterations,
43; maximal error. 8.81x10 >,

relative peak areas measured at 340 and 440 nm are
not separated suggesting that both of them can be
used for the identification of chili powders.

No significant differences were found between the
intraa and inter-day repoducibilities of retention
times and peak areas proving the similar stability and
reproducibility of column. The RSD values for both
intracday and inter-day reproducibilities were 0.6—
1.7% for retention times and 3.2-4.9% for peak
areas. The relatively high RSD values for peak areas
reflects the inadequate separation of some pigment
fractions.

It can be concluded from the data that the colour
pigments of chili powders can be separated by RP-
HPLC. The ratio of pigments measured at 440 and
340 nm is characteristic for the individua chili
powders. Principal component analysis is a useful
tool to detect the similarities and dissimilarities
between the pigment composition of chili powders
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Fig. 6. Similarities and dissimilarities between the pigment frac-
tions. Two-dimensional nonlinear map of principal component
variables. Number of iterations, 85; maximal error, 5.50x10 %,
Numbers refer to pigment fractions in Table 2.

and to classify the powders according to the pigment
composition.
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