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Introduction
During recent years the pyhtopharmaceutical industry has continued to be an area of growth—be-

tween 1994 and 1997 sales of phytopharmacia in the United States increased by 93%, in Europe
by15% and in Asia by 15%. Due to this increase in demand, new analytical methods for quality control
are required and the analysis of plants, their extracts and natural compounds has become a demanding
challenge. Therefore, near-infrared (NIR) spectroscopy, supported by sophisticated statistical soft-
ware, offers a fast, reliable and non-destructive method for controlling not only chemical but also
physical parameters at once. As a continuation of our earlier developed method for the quality control
of Flos Primulae veris extracts1,2 and its phenolic ingredients, an NIR method for the quantitative anal-
ysis of hypericin in Hypericum perforatum L. extracts was established. St. John´s Wort extract is used
for the treatment of skin injuries, burns, neuralgia, antibacterial activity and as a treatment of mild to
moderate depression.3–9 In recent years, scientific studies to examine ingredients and quality of red
wine also have become very important. The reason for this can be found in its health benefits.10-12 Some
papers have already discussed the problem of finding out the geographical origin of a wine without
sensorial tests, for example with high-performance liquid chromatography (HPLC),13 gas chromatog-
raphy (GC) or pyrolysis mass spectrometry.14 These classifications are only possible by the use of
multivariate analyses. Due to the high demand for a fast analytical tool for the analysis of red wine, an
NIR method to distinguish between different varieties and age groups was established. Correlation
with results received from HPLC and HPLC coupled to mass spectrometry (HPLC-MS) also enabled
the content of antioxidative phenolic ingredients to be predicted. Finally, based on these experiments,
a qualitative model for the differentiation between arabica and robusta beans was established. This
method has proved to be an interesting and powerful analytical tool for the coffee producing industry
as quality and prices are fixed by the type of beans.

Materials and methods
The near infrared spectra used in this work were collected with a FT-NIR universal spectrometer

from Büchi Labortechnik AG (Uzwil, Switzerland), which is equipped with a tungsten–halogen
source and a PbS-detector. The absolute wavelength accuracy is ± 2 cm–1 over a wavelength range
from 1000 to 2500 nm. The sample measurement was performed using fibre optics with ten scans for
one average spectrum to eliminate inhomogenities. Software from Büchi Labortechnik was used:
BCAP 5.0 for controlling the spectrometer and NIRCAL 3.0 for the processing of spectral data and
chemometrics. All samples were heated to 23°C and scanned without any sample pretreatment. For
reference analyses HPLC, HPLC-MS and capillary electrophoresis (CE) were used. All individual pa-
rameters can be found in the cited literature.15–17 The determination of the ethanol/water content in red
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wine was carried out by gas chromatography with flame ionisation detection (GC-FID) and
Karl–Fischer titration. GC-FID: HP1 fused silica (50 × 0.32 mm I.D.); gas, hydrogen 0.7 bar; injector
temperature, 30°C; temperature from 50°C (4 min) up to 220°C (8°C min–1) and up to 300°C
(20°C min–1); detector temperature, 300°C; split, 35 mL min–1 1 : 120; sample size, 5 µl. Karl-Fischer
titration: 20 µl of each extract were titrated on a 684 KF Coulometer (Metrohm, Filterstadt, Germany).

Quantitative analysis of hypericin in Hypericum perforatum L. extracts
The otpical pathlength used in the transflectance mode was 3 mm. Eighty three samples were mea-

sured over a wavelength range from 4500–9996 cm–1. First derivation was calculated and the 332 spec-
tra were divided into a learning (60%) and a validation set (40%). The smoothed average of the spectra
was three points. For partial least square regression (PLSR) 15 factors were selected.

Qualitative wine analysis
The otpical pathlength used in the transflectance mode was 0.5 mm. After performing a second

derivation of the recorded 172 spectra they were randomly partitioned into a calibration set (70% of to-
tal samples) and a validation set (30% of total samples). The smoothed average of all spectra was three
points and six factors were used. With these data sets a principal component analysis (PCA) over a
wavelength range from 4000 to10000 cm–1 was carried out.

Qualitative coffee analysis
Eighty five samples were measured in the reflectance mode over a wavelength range from 4500 to

9996 cm–1. A first derivation and three points average smoothing were performed. Five factors were
used for the calculation. 67% of the recorded 255 spectra were used for the calibration and 33% for the
validation. With these data sets a PCA was carried out.
Results and discussion

The strategy scheme depicted in Figure 1 for the quantitative analysis of hypericin in St. John´s
Wort can also be used as a general scheme. At the beginning, the extraction procedure and reference
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Figure 1. Strategy scheme for the analysis of hypericin in Hypericum perforatum L. extracts.
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Figure 2. Quantitaive analysis of hypericin in Hypericum perforatum L. extracts. (a) Capillary electro-
phoresis (reference method); (b) NIR-spectra; (c) calibration curve.
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method have to be established, optimised, evaluated and validated. After that, NIR parameters such as
temperature and optical thin-layer thickness must be optimised. Furthermore, the best data pretreat-
ment must also be found. For the control of the hypericin content in Hypericum perforatum L. extracts,
CE was used as the reference method. Each extract was measured three-fold and cross-wise by CE
[Figure 2(a)]. For the separation, a buffer system consisting of 26 mM phosphate, 0.001% HDB, 4.5%
butanol and 20% acetonitrile (pH 2.65) was used. The calibration calculated the content of hypericin.
After optimisation of the temperature and the optical thin layer, 332 spectra of 83 extracts were re-
corded in the transflectance mode with a NIRVIS instrument. Mathematical pretreatment and statisti-
cal analysis were carried out by performing PLS. By recording the NIR spectrum [Figure 2(b)] and
calculation of its first derivation, characteristic absorption bands were identified. The most intensive
band belonged to the vibration of the second overtone of the carbonyl group (5376 cm–1), followed by
the C–H stretch and C–H deformation vibration
of ethanol (7212 cm–1), the –OH vibration of wa-
ter and ethanol (4440 cm–1), the –CH2 overtone
(5742 cm–1) and the –CH2 / –CH3 overtone
(5808 cm–1). All recorded spectra were trans-
formed to their first derivative before being cal-
culated in the linear PLS model. Fifteen principal
components were necessary in order to reach the
best calibration equation. The multivariate statis-
tical method, PLS, is a full spectrum method.
Therefore, the information of the whole recorded
spectral range can be used for the calibration. In
the course of model optimisation the best statisti-
cal results were obtained when the spectral infor-
mation in the interval between 4500 and
9996 cm–1 was used for calculating the PLS.
Finally, a correlation coefficient of 0.99084 for
the calibration curve of NIR values against CE
values helped to assess the linearity of the model
[Figure 2(c)]. For a higher robustness of the cali-
bration system, extracts with spiked hypericin
were included in the curve. This method was
proven to be a highly suitable spectroscopic tool
to quantify hypericin in Hypericum perforatum
L. extracts in the low percentage range.

As the variety of wine has a big influence on
the quality of a red wine, a method to distinguish
between different bottles made of different
grapes was established. Fifty bottles of red wine
of three different wine variety samples were in-
spected: Cabernet Sauvignon, Lagrein (both
pure wines) and Sangiovese (Chianti). After re-
cording the spectra, partitioning into a calibra-
tion and a validation set, average smoothing of
three points and performance of a second deriva-
tion, PCA, over a wavelength range from 1010 to
2222 nm, was carried out. Figure 3(a) shows that
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Figure 3. Qualitative analysis of red wine. (a)
3d-scatter plot of 3 different varieties; (b)
3d-scatter plot of two age groups of Cabernet;
(c) HPLC-analysis (reference method).
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the inspected wines (Cabernet Sauvignon, Lagrein and Chianti) can be classified very clearly by a 3-d
scatter-plot. Each property (wine variety) could be assigned to one cluster. Due to the fact that the in-
spected wines come from very close geographical origins and two of them were produced using the
same method in the same wine cellar at the same time, it is possible to estimate that the reason for this
separation is the different wine variety. Furthermore, it was possible to distinguish between Cabernet
1997 and 1998 [Figure 3(b)]. One reason for this possible classification can be found in the different
fingerprint caused by the phenolic ingredients, which was analysed by HPLC [Figure 3(c)]. Correla-
tion of the results received from these HPLC analyses with those from NIR spectroscopy allows us to
give a statement about the amount of phenolic ingredients found. If NIR spectroscopy identifies a wine
as a Cabernet Sauvignon 1997, for example, the content of quercetin is between 18 and 30 µg mL–1.

Based on these results, investigations in the field of coffee analysis were carried out. The develop-
ment of an NIR spectroscopic method to distinguish between arabica and robusta green coffee beans
is an important quality control tool, as the international coffee trade is conducted almost exclusively
with these two varieties. With NIR in reflectance mode it is possible to perform a complete profile of
the whole bean. At first, different extracts of roasted arabica and robusta beans were investigated us-
ing HPLC analysis of the three main ingredients which are necessary for the taste of coffee: caffeine,
theobromine and theophylline [Figure 4(a)]. By this method, the different patterns of arabica and
robusta could be confirmed. These differences were used in NIR to distinguish between the two variet-
ies. Two hundred and fifty five spectra of 85 sam-
ples were recorded in the reflectance mode with a
NIRVIS instrument. Mathematical pretreatment
and statistical analyses were carried out by per-
forming PCA. Recording the NIR spectrum of a
green bean and calculating its first derivative
again identified the characteristic absorption
bands of xanthines [for structure see, for exam-
ple, caffeine in Figure 4(a)]. The most intense
band belonged to the vibration of the second
overtone of the carbonyl group (5268 cm–1), fol-
lowed by the C–H stretch and C–H deformation
vibration at 7116 cm–1. All spectra were trans-
formed to their first derivative before calculating
in the PCA. Finally, the arabica and robusta
beans could be classified very clearly by 3-d scat-
ter plot [Figure 4(b)]. Each property (bean vari-
ety) could be assigned to one cluster. Due to the
fact that arabica and robusta beans come from
different cultivation areas, this method is highly
suitable for a fast differentiation of green coffee
varieties.
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Figure 4. Qualitative differentiation between
green coffee varieties. (a) HPLC analysis (refer-
ence method); (b) 3d-scatter plot.
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