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Abstract

A broad spectrum of sample preparation methods is currently used for the isolation of pharmacologically active compounds from plant
and herbal materials. The paper compares the effectiveness of infusion, microwave assisted solvent extraction (MASE), matrix solid-phase
dispersion (MSPD) and pressurised liquid extraction (PLE) as sample preparation methods for the isolation of caffeine from green tea leaves.
The effect of PLE variables, such as extraction temperature, pressure and time, on the yield of caffeine from the investigated matrix is discussed.

The obtained results revealed that PLE, in comparison with other sample preparation methods applied, has significantly lower efficacy for
caffeine isolation from green tea leaves. The evaluation of PLE conditions leads to the conclusion that elevated pressure applied in the PLE
process is the factor hindering the extraction.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ing popularity of PLE results mainly from the possibility of
eliminating the drawbacks mentioned above. Moreover, PLE
Due to the character and complexity of plant material the allows for using extrahents at elevated pressure and hence
analytical procedure of plant constituents examination in- also at temperatures above their normal boiling point.
volves the application of a sample preparation procedure, PLE was originally developed for sample preparation in
which allows to fully isolate the analysed substance from the environmental analysif,11]. More recently, PLE applica-
plant matrix. A broad range of extraction techniques (Soxh- tion has been extended onto other sample types: biological,
let extraction, percolation, maceration, digestion, extraction pharmaceutical and foodstuff$2,13] An important and
under reflux, steam distillation, etc.) are currently used for interesting employment of PLE is the extraction of chemi-
this purposd1-4], most frequently exhaustive extraction in  cal constituents from plant and herbal materjél9,14—16]
the Soxhlet apparatus. Although this is a relatively simple where PLE appears to be the most effective sample prepara-
method, it suffers from such disadvantages as long extractiontion method.
time, relatively high solvent consumption and often unsatis-  Tea is probably one of the most popular beverages in the
factory reproducibility[5]. Recently, an innovative sample world due to its sensory properties, stimulating effects and
preparation technique, pressurised liquid extraction (PLE), potential health benefifd 7-19] To understand the mech-
has been more and more often appl[éé10]. The grow- anisms behind these effects, a great deal of scientific effort
has been made to isolate and identify active components in
* Corresponding author. Tel.: +48 81 5375545; fax: +48 815333348, 1€a[20]. One of them is caffeine, which has attracted much
E-mail addressdawid@hermes.umcs.lublin.pl (A.L. Dawidowicz). scientific and public attention during the past years. Many
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analytical procedures have been developed to determine cafvolumetric flask and filled up to its volume with water.

feine in tea leaveR1-25] In most of them, the applied sam- The obtained extracts were subjected to the HPLC ana-

ple preparation stage is very simple and relies on the infusionlysis.

of tea in water at higher temperatures. The infusions applied

in the reported research differ mainly in their duration (from 2.4. Matrix solid-phase dispersion

10 min to a few days) and temperature (60—-10p[21-24]

According to the opinion presented [B1], triple infusion Tea portions of 0.2 and 0.8 g of either C18 sorbent (Su-

of the same sample at 7@, 40 min each time, leads to full  pelclean LC-18, Supelco Park, Bellefonte, PA) or 0.8 g of

recovery of caffeine from tea. Because in many cases, PLE isquartz sand were weighed precisely and mixed in a glass

recognised as the most effective sample preparation methodmortar. After the addition of water (1.5 ml), the whole mix-

the question appears if also works for caffeine analysis in tea.ture was ground with a glass pestle until a homogeneous pulp

This paper discusses caffeine yields from green tea leaves obwas obtained (approximately 10 min). The sides of the mor-

tained using the following sample preparation methods: PLE, tar and the pestle were scraped occasionally with a spatula

infusion, ultrasonic assisted infusion, microwave assisted sol-to ensure the best possible homogenisation. After homogeni-

vent extraction (MASE) and matrix solid-phase dispersion sation the blend was transferred with a spatula to a syringe

(MSPD). barrel with a filter disc at the bottom. The sample was cov-
ered with another filter disc and compressed using a plunger.
In the case of C18 sorbent the mortar, the pestle and the spat-

2. Materials and methods ula were rinsed with methanol-water mixture (80—-20%, v/v)
whereas in the case of sand with water, the rinsed solution
2.1. Materials and reagents was transferred into the syringe barrel. Portions of the same

methanolic mixture or water were then added to the column
Yunnan green tea and coffee (Caffe @ollumbia) were and the sample was allowed to elute dropwise by applying
purchased locally. A sufficiently large representative sam- a slight vacuum. Samples (25 ml) were collected. Separate
ple of green tea leaves (ca. 500 g) was ground with a Braunexperiments proved that:
cutting mill to obtain particles of 0.2—0.4 mm. Caffe €ol-
lumbia, which is ground coffee, was extracted without further
manipulation. Exactly weighted portions of the samples were
used for the tested extraction procedures and MSPD.
Methanol (HPLC grade) and ortophosphoric acid
(analytical-reagent grade) were obtained from the Polish Fac-
tory of Chemicals POCh (Gliwice, Poland). E. Merck (Darm-
stadt, Germany) provided potassium dihydrogen phosphate
and caffeine standard (1,3,7-trimethylxanthine). Water, puri-  The obtained samples were subjected to the HPLC analy-
fied on a Milli-Q system from Millipore (Millipore, Bedford,  sis.
MA, USA), was used throughout the experiments. Neutral
glass (fraction 0.4-0.6 mm) was applied as a dispersing agen®.5. Pressurised liquid extraction
in the PLE extraction cell.

e caffeine concentration in the 20th ml of the eluate is very
low and has no influence on the final result;

e caffeine recoveries from C18 phase obtained using 80%
agueous methanol as an eluent solution are greater than
98%;

e caffeine recoveries from quartz sand using water as an
eluent are greater than 99%.

PLE was performed with a Dionex ASE200 instrument
2.2. Sample preparation methods (Dionex Corp., Sunnyvale, CA, USA). The green tea sam-
ples (0.5g) were mixed with inert material (neutral glass)
For statistical purposes each sample preparation procedurand placed into a 22-ml stainless steel extraction cell. The
was repeated three times in given experimental conditions. employment of a dispersion agent, such as neutral glass, is
recommended in order to reduce the volume of the solvent
2.3. Infusion used for extractiof26]. The cell content was extracted with
water in two modes: one-cycle PLE and multiple PLE of the
The samples of powdered green tea leaves (0.1 g) were exsame sample. The conditions of the tea extraction procedure
tracted with 10 ml of water at 7QC for 40 min. Each sample  (temperature, time and pressure) are given in Se@&idn
was extracted three times with fresh portions of water, and the case of ground coffee beans, the PLE conditions recom-
the combined extract was transferred to a 50 ml volumetric mended as default by Dionex Corp. were applied, i.e. tem-
flask and filled up to its volume with water. perature 100C, pressure 60 bar and 10 min static extraction
During ultrasonic assisted infusion, a sample of green time.
tea (0.19) was extracted in the same way as above. In this The volume of the collected extracts was between 25
case, the vial with extract was occasionally placed in ul- and 31 ml, depending on the packing density of the ex-
trasound bath (4 2 min) (Sonic 2 type, Polsonic, Warsaw, traction cells. The system was washed with water be-
Poland). The extracts were pooled together into a 50 ml tween the runs. The obtained extracts were transferred to
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100 ml volumetric flasks and filled up to its volume with Table1
water. Caffeine amount estimated in green tea using different sample preparation
method (mean valug S.D.)

. . . Sample preparation methdd Caffeine amount in
2.6. Microwave assisted solvent extraction green tea (mg/g)
MASE was performed with Plasmotronika UniClever 8:322'52:;?5;‘;; infusion 3;658?;[61:22
BMZ bath. Portions of ground green tea leaves (1g) were MSPD with C18 36.4512- 1.56
mixed with water. The obtained suspensions were irradiated MSPD with sand 35.8698 2.01
with microwaves in open and closed system in 40% generatorOpened MASE 27.6572 1.82

Closed MASE 18.994% 1.03

power during 30 min. The obtained extracts were transferred PLE at 70C 16.24004 0.84

to 100 ml volumetric flasks subsequently filled up to their
volume with water.

@ Condition, see experiment.

As mentioned in Sectioh, in the case of caffeine analysis
2.7. HPLC analysis in tea, infusion is the most frequently applied and recom-
mended as a sample preparation method. The triple infusion

HPLC measurements were performed on a Dionex ||q- ofthe same tea Sample at7described |r[|21] is a classical
uid chromatograph (Dionex Corp., Sunnyvale, CA, USA) €xample of the method. The amount of caffeine in green tea
consisting of a chromatography enclosure (LC20) with a samples estimated in this way belongs to the first group of
PEEK automated injection valve equipped with g25am- data, but ultrasonic assisted infusion reveals a little bit more
p|e |00p; a gradient pump (GPSO), an absorbance detec-Caffeine. Still more caffeine is found in tea using MSPD.
tor (AD25) and a photodiode array detector (PDA]_OO) The Moreover, there is no Significant difference in the amount of
whole chromatographic system was under the control of the the analyte when C18 sorbent or quartz sand is employed in
PeakNet6 data acquisition system. Chromatographic separathe MSPD process. It should be noticed, however, that the
tions were carried out using a Pr0d|gy oDS-2 Co|umn|(75, differences in the first group of data can be treated as mea-
250 mmx 4.6 mm i.d.) (Phenomenex, Torrance, CA, USA) surement errors, the more so that the distribution of values in
and a security guard column of the same material placed inthis group is relatively narrow.
the oven at 30C (Column Thermostat, JetStream I Plus, The discussed results prove that the isolation of caffeine
Knauer, Warsaw, Poland). The mixture of potassium dihy- from powdered green tea leaves is very easy. Hence, the low-
drogen phosphate—ortophosphoric acid buffer (pH 3.0) with st caffeine amou_nt estimated using P_LE, assumed_to be one
methanol (70:30%, v/v) was used as mobile phase (flow rate Of the most effective sample preparation methods, is a very
1 ml/min). The detection wavelength in the applied AD-25 striking finding (se€Table ). It needs to be stressed here
was set at 272 nm. During the course of each run, the ab-that the PLE value was obtained using three-cyclic PLE at
sorbance spectra from PDA100 (in the range 190-750 nm) 70°C and 40bars (each cycle lasted 10 min). With respect
were collected continuously. to the presented results, we can speculate that after the PLE

The identification of the caffeine peak was carried out by Procedure some amount of caffeine still remains in the tea
Comparing the retention time of the peak:é 7.2 m|n) and matrix. Thus, to explore the most effective PLE conditions,
its UV-vis spectra with that of the reference standard. The three independent series of multiple-PLE of tea (so-called
concentrations of caffeine in the resulting extracts were cal- €xhaustive PLE) differing in extraction temperature (other
culated from the calibration curve. Each extract was HPLC- PLE conditions the same as before) were performed. Their

analysed three times. results are presentedTiable 2 which contains also the total
L . Table 2
2.8. Statistical analy5|s Caffeine amount extracted at different temperatures in subsequent PLE steps
from green tea (values recalculated per 1 g samples)
The data are presented as mean val@D. Statistical e number Caffeine amount (mg) extracted at

analysis was performed by means of Studertést for non-

dependent samples. 0°c 100°C 150°C

1 9.84+ 0.41  28.10+£ 0.93  31.06+ 1.21
2 3.79+ 0.11 3.20+ 0.16 3.03+ 0.15
3 2.61+ 0.13 1.28+ 0.07 0.93+ 0.05
4 1.63+ 0.09 1.01+ 0.07 0.29+ 0.03

3. Results and discussion
5 1.244+0.08  0.74+0.06  0.13+0.01
The caffeine amounts estimated in powdered green tea® 087+ 0.07  0.57+0.05 -
leaves using different sample preparation methods are col-’ 061+£005 039+ 004 -
. . . ! 0.48+ 0.04  0.244 0.02 -
lected inTable 1 The data can be divided into two groups:

- 0.094 0.01 -
those higher than 34.5 mg/g of dry weight and those lower ]
than 28 mg/g of dry weight. Total caffeine amount 21.0# 0.88  35.62+ 1.35  35.44+ 1.34
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amounts of caffeine obtained at all extraction steps carried 40

out within each series. It appears from the data that at least

five PLE extraction steps at 15Q should be performed in

order to obtain the tea extract containing the caffeine amount 304 L% @

that does not significantly influence (less than 0.1 mg) the to- | §-- i % %
3

tal analyte content. More than nine steps are required when
PLE is performed at 100C. In both cases, the total amount
of isolated caffeine (five-cycle PLE at 15Q and nine-cycle
PLE at 100°C) is similar to that obtained by infusion (see
Table ). A nine-step PLE is vastly insufficient to reach a
similar value when extraction temperature is"?0 Lo 7p0C
The results at 70C evidently prove a significantly lower 1 --3--- 100 0C
efficiency of PLE in caffeine isolation from tea. This conclu- o —6— 150 0C
sion is especially confusing when one takes into account the o s 100 150 20
easiness of caffeine extraction from tea, the general opinion Extraction pressure [min]
about the excellence of PLE, and the complicated and costly
PLE equipment. It should be noticed, however, that our re- Fig. 2. Effect of extraction pressure on the caffeine yield obtained from
sus were obained parforming PLE al 40bars for 10min, 12318 0 S00p e e e v s
333;2 :/Cgria;égiﬁecg Ziffff?é:]ei'ltsfcc))lf’if: ffLZ(IJIr?sg?:t’i;T’lezfet?](;n-one—cyde PLE process, whereas the results foiC7ih ten-cyclic process.
compound. Yet a simple matrix such as tea may require very
special PLE conditions for full caffeine recovery. In order to
test this hypothesis, more experiments were performed in-

V?:gg:rt;ngnt:ﬁe'nl;gzn(;ecng;ﬁtéifg%ntgami:r;d eexgrchtrlgpn Table 2were obtained at the extraction conditions of 160
P y ' bp 40bars, 10 min, which found to be optimal PLE conditions

Fig. 1, illustrating the influence of extrgctlon time aF 1o . for caffeine extraction from tea. Thus, at least a few steps are
and 100 bars, there are no substantial changes in caffeine

X : . fequired at the optimal PLE conditions for the recovery of the
yrlr?é(ri] tghgphtzetrpattsoﬂrocrg: |feltz2é;_er tga:hcl)o Tr:gt ?ﬁ(ger' amount of caffeine obtained during simple classical infusion.
Iyield of Z\gﬁein); frorrll gr(fen te:at Iowgtemper\;vtures (70and The presented data leads to the conclusion that the ele-

vated pressure in PLE is the factor hindering the extraction
100°C) are pressure-dependent. At these temperatures, the b g

. i of caffeine from tea. One can ask why? A probable answer
extracted caffeine amount clearly diminishes above 100 bars.. . A .
. - ) is suggested by the valuesTable 3showing caffeine yields
On the curve corresponding to 70, a distinct maximum at

60 bar exists. There is no essential pressure influence on thécrom coffee using different sample preparation methods.
: P As results from this data, PLE is considerably more ef-

(l\:/la;frilg\(/ae)r”igﬁg%n; t?eall dvgg??hizl_tgr;s g?ﬁ:{frg g;let t?]teftﬁn hest fective than classical and ultrasonic assisted infusion when
’ y P 9 "caffeine is extracted from coffee. Moreover, in the case of

The PLE experiments were not performed above“15as coffee most of caffeine (more than 99.9%) is extracted in the
first cycle of the PLE process performed in conditions rec-

Caffeine yield [mg/g]

the obtained extracts were very turbid, dense and difficult to
process further.
It should be remarked that the data in the last column of

40

ommended as default by Dionex Corp. (i.e. 200 60 bars,
10 min). Hence, it can be concluded that different kinetics
307 28 % i Table 3
= Caffeine amount estimated in coffee beans using different sample prepara-
‘Eh tion method
E 20 - Sample preparation methd Caffeine amount (mg/g)
E in coffee beans
g Classical infusion 15.372% 0.86
© 10 4 Ultrasonic assisted infusion 16.57180.76
MSPD with C18 224110 1.03
MSPD with sand 21.998% 1.15
Multiple PLE
0 ' . ' T ' | First cycle 22.3996+ 0.69
0 10 20 30 Second cycle 0.001% 0.0003
Extraction time [min] Third cycle 0.0006+ 0.0002
Total 22.4019+ 0.70

Fig. 1. Dependence between caffeine yield obtained from the green tea sam-
ples in PLE process performed at f@and 100 bar and extraction time. @ Condition, see experiment.
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of caffeine isolation in the PLE process of tea and coffee is [4] E.L. Johnson, W.F. Schmidt, D. Cooper, Plant Physiol. Biochem. 40
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o ) o ) . I, J. Eriksson, A. Torstensson, J. Lig. Chromatogr. Relat. Technol.
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