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Improved Sample Pre-treatment for Determination of Caffeine in Tea
Using a Cartridge Filled with Polyvinylpolypyrroridone (PVPP)
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We have improved sample pre-treatment for the effective removal of polyphenols and simple analysis of caf-
feine in tea using a cartridge filled with polyvinylpolypyrroridone (PVPP). Nearly 100% of catechins were re-
moved from the green tea sample and caffeine was completely recovered in the range of 98.2—101.3% by sample
pre-treatment with a PVPP cartridge. Reproducibility of preparing PVPP pre-treatment cartridges was suffi-
cient for quantitative analysis, because RSDs of analytical values for caffeine obtained by using three individual
pre-treatment cartridges filled with 10—200 mg PVPP were 0.60—2.8%. The PVPP pre-treatment cartridge also
removed polyphenols perfectly and recovered caffeine faultlessly from oolong and black tea samples. Compari-
son with the conventional method without sample pre-treatment indicated that the present pre-treatment
method with a PVPP cartridge was useful for the simple and precise analysis of caffeine in green, oolong and

black tea samples.
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Caffeine is a methylated xanthine popularly consumed
from a wide variety of foods and beverages such as tea and
coffee; however, the intake of high amounts of caffeine has
been shown to produce negative effects upon premenstrual
syndrome'? and pregnancy,* and to promote infertility>
and cancer.®® The consumption of even small amounts of
caffeine must be often avoided for infants and young children
because of its stimulating effect on the central nervous sys-
tem and cardiac muscle. Tea contains caffeine as one of the
major components at the level of about 20—50 mg/g in dry
leaves.”!” The stimulating effect by the consumption of tea
beverages can be attributed to this compound. In recent
years, the production of tea beverages and products has been
steadily increasing because of the desirable effect of tea
polyphenols on human health and the worldwide revaluation
of Japanese traditional foods, and the intake of caffeine from
tea products is therefore also growing every year. Therefore,
it is important to develop a more precise, simpler and faster
analytical method to determine caffeine in tea samples for
controlling the quality of tea products and human health.

Simultaneous determination of caffeine and polyphenolic
compounds in tea has been accomplished by a number of
methods,'” such as high-performance liquid chromatography
(HPLC)'>!® and capillary electrophoresis (CE).'*!> These
methods are very attractive for the precise analysis of tea
constituents, but time-consuming and unsuitable for a quick
check or the rapid routine assessment of tea quality. On the
other hand, only a few methods have been reported for the
selective determination of caffeine in tea. The main interfer-
ences in achieving this purpose are tea polyphenols. The con-
ventional method to remove these interferences from tea
brews is liquid-liquid extraction, which is often injurious to
human health and the social environment because of the use
of poisonous reagents and solvents such as lead acetate and
chloroform.'® Although solid-phase extraction (SPE) seems
a superior method to clean up tea samples, this method is
costly, laborious, and time-consuming.'”-'®

Polyvinylpolypyrroridone (PVPP), which is an inexpensive
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and excellent absorbent of polyphenols,'” is often used to
eliminate tea catechins from tea brews for the determination
of caffeine. When a tea sample was mixed with PVPP pow-
der for more than 30 min (PVPP batch treatment), most of
the tea polyphenols were removed, while a certain amount re-
mained in the sample solution and interfered with the analy-
sis of caffeine.”” The batch treatment method with PVPP
was also uneconomical, because a lot of PVPP powder was
wasted during the treatment procedure. Recently, a pre-col-
umn filled with PVPP was reported for the on-line removal
of tea polyphenols.”!” This method is very economical and
fascinating for the simple and rapid HPLC analysis of caf-
feine in tea samples. Unfortunately, the PVPP pre-column
was not applicable to other analytical methodology such as
micro-HPLC, CE and spectrophotometric methods, and the
reproducibility of preparing the column seemed poor. In this
paper, we attempted to improve the sample pre-treatment
method using a cartridge filled with PVPP for the effective
removal of polyphenols and simple analysis of caffeine in
tea. The advantages and limitations of the pre-treatment of a
tea sample using the PVPP cartridge as compared with the
conventional method for the determination of caffeine in tea
are described and discussed.

Experimental

Reagents and Materials Caffeine was purchased from Nacalai Tesque
(Japan). Theobromine, (—)-epicatechin, (—)-epicatechin gallate, (—)-epigal-
locatechin and (—)-epigallocatechin gallate were purchased from Wako Pure
Chemicals (Japan). PVPP was purchased from Sigma. All other chemicals
were of analytical grade and were used without further purification. Deion-
ized and distilled water, and methanol (MeOH) and acetonitrile (MeCN) of
HPLC grade were used throughout this study.

Ten kinds of green tea, 4 kinds of oolong tea and 5 kinds of black tea were
purchased from markets in Kyoto and Nara Pref., and were stored at —20 °C.
Prior to studies, all tea samples were milled using a Sun (Japan) FM-60K
mill-mixer.

HPLC Conditions The HPLC system consisted of a GL-Sciences
(Japan) PU-611C pump, a Tosoh (Japan) AS-8020 auto-injector, a GL-Sci-
ences Model-554 column oven, a Shimadzu (Japan) SPD-10Avp UV-Vis
spectrophotometer, and a Hitachi (Japan) D-2500 calculator. The guard and
analytical columns were GL-Sciences Inertsil ODS-3 (3 um, 1.5X10 mm)
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Fig. 1. Schematic Illustration of a PVPP Pre-treatment Cartridge

and Inertsil ODS-3 (3 um, 2.1X150 mm), respectively. The temperature of
the column oven was set at 30 °C. The mobile phase was prepared using
MeOH/H,O/acetic acid (15:84:1, v/v) and pumped at a flow rate of
0.2 ml/min. Detection wavelength and sample volume were set at 272 nm
and 5 ul, respectively.

Preparation of PVPP Pre-treatment Cartridge The PVPP pre-treat-
ment cartridge was prepared by filling a Varian empty reservoir cartridge
(9X60 mm, 3 ml capacity) equipped with two frits (20 um pore) with PVPP
powder, and setting a frit on the PVPP powder (Fig. 1). The prepared PVPP
pre-treatment cartridge was conditioned with 2ml MeOH/H,O/acetic acid
(20:79:1, v/v) followed by 2ml aqueous 1% (v/v) acetic acid solution
using a GL-Sciences GL-SPE vacuum manifold (12 ports).

Sample Preparation and Pre-treatment In a 100 ml volumetric flask,
the powdery tea sample (500 mg) was extracted with 80 ml MeCN/H,0/
acetic acid (50:49: 1, v/v) in a Branson (U.S.A.) Bransonic 2510J-MT ultra-
sonic bath for 30 min.” A flask with the mixture was then filled up to 100 ml
with the same solution. The resultant solution was filtered through a No. 5
filter paper and diluted ten times with an aqueous 1% (v/v) acetic acid solu-
tion. The prepared solution was used as a non-treated tea sample for HPLC
analysis.

Two milliliters of a non-treated tea sample was passed through a PVPP
pre-treatment cartridge conditioned by the above procedures using a GL-
SPE vacuum manifold. The first 1 ml fraction was discarded, and the second
1ml fraction was collected and used as the treated tea sample for HPLC
analysis.

PVPP powder was added to a 50 ml non-treated tea sample. The suspen-
sion was allowed to stand for 30 min with frequent mixing and filtered
through No. 5 filter paper. The resultant solution was used as a batch-treated
tea sample for HPLC analysis.”*”

Results and Discussion

Performance of PVPP Pre-treatment Cartridge The
efficiency of PVPP cartridge treatment for removing tea
polyphenols was compared with that of PVPP batch treat-
ment. As shown in Fig. 2a, the four major catechins and caf-
feine in the non-treated green tea sample could be well sepa-
rated under the isocratic HPLC condition adopted in this
study, and more than 60 min was required for one analysis of
the non-treated green tea sample because of the long reten-
tion time of (—)-epicatechin gallate. In the case of PVPP
batch treatment,’?” the peaks of green tea catechins de-
creased considerably, but still remained at the level of 0—
43.9% on the basis of peak areas as against that in the non-
treated green tea sample, as shown in Fig. 2b. Surprisingly, in
the case of PVPP cartridge treatment, four green tea cate-
chins and other tea components, which were maybe polyphe-
nols, were removed completely, while almost all caffeine was
recovered (Fig. 2c). In the case of the previously reported
PVPP pre-column method, it was known that the peak height
of caffeine was lowered because of peak broadening,
although the tea polyphenols were removed completely.”
It also seems that the PVPP pre-column is difficult to be
applied to other analytical methods such as micro-HPLC,
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Fig. 2. Typical Chromatograms of (a) Non-treated, (b) PVPP (100 mg)
Batch-Treated and (c) PVPP (100 mg) Cartridge-Treated Samples of Green
Tea

Peaks: 1, theobromine; 2, (—)-epigallocatechin; 3, caffeine; 4, (—)-epigallocatechin
gallate; 5, (—)-epicatechin; 6, (—)-epicatechin gallate.

Table 1. Effect of Amounts of PVPP Powder in Pre-treatment Cartridges
on the Recovery of Caffeine and Tea Catechins®
Amount Recovery (%)
of PVPP
(mg) Caffeine EGC EGCg EC ECg
PVPP cartridge treatment
10 100.3(0.7) 71.4(9.0) 37.0(6.5 67.3(47) 33.5(5.5)
20 1004 (0.6) 213(3.1) 29(1.2) 229@3.0) ND
30 101.3(1.2) ND ND ND ND
50 99.3 (1.2) ND ND ND ND
100 98.2 (1.9) ND ND ND ND
150 98.5 (1.1) ND ND ND ND
200 101.2(2.8) ND ND ND ND
PVPP batch treatment
100 98.6 (0.1) 36.8 (0.6) ND 43.9(0.9) ND
200 99.1(0.8) 19.2(0.2) ND 25.2(0.4) ND

a) Tea catechins: EGC, (—)-epigallocatechin; EGCg, (—)-epigallocatechin gallate;
EC, (—)-epicatechin; ECg, (—)-epicatechin gallate. ») Numbers in parentheses are
S.D.s (n=3). ¢) ND: not detected at the sensitivity of S/N=5.

CE and spectrophotometry. Fortunately, the PVPP cartridge-
treatment method is applicable to many other analytical
methodologies. Although SPE seems a very useful method to
clean up tea sample, several kinds of solvents are used to re-
move needless tea components and recover necessary one. In
the case of the PVPP cartridge-treatment, tea brews are only
passed through pre-treatment cartridges, therefore showing
that PVPP cartridge treatment is a superior method to remove
catechins from green tea samples than PVPP batch treatment,
the PVPP pre-column method, and SPE method.

Optimum Condition of PVPP Pre-treatment Cartridge
In order to optimize the capability of the pre-treatment car-
tridge filled with PVPP as an improved tool for effective re-
moval of tea polyphenols and simple analysis of caffeine in
tea, the effect of the amount of PVPP powder in the pre-treat-
ment cartridges upon the recovery efficiency for caffeine and
removal efficiency for four green tea catechins was exam-
ined. Table 1 summarizes the recovery yields of caffeine and
tea catechins estimated as the ratios of peak areas on HPLC
obtained for respective components in green tea samples



September 2007

A)

12
,pu_ﬂk S

T T T T 1
0 10 20 30 40 50 60 70
Time (min)

Fig. 3.

Peaks are the same as in Fig. 2.

treated with PVPP against those obtained from the non-
treated samples. In this study, a kind of green tea was used,
which contained 27.6 mg/g caffeine, 26.9 mg/g (—)-epigallo-
catechin, 113.8 mg/g (—)-epigallocatechin gallate, 9.0 mg/g
(—)-epicatechin, and 39.6 mg/g (—)-epicatechin gallate.

Green tea catechins were mostly removed by even the car-
tridge with 20 mg PVPP and totally by that with more than
30mg PVPP. On the other hand, caffeine in green tea was
completely recovered in the range 98.2—101.3% by using all
cartridges filled with 10—200mg PVPP. Compared with
PVPP batch treatment, which reduced the contents of tea cat-
echins and recovered caffeine at the level of 98.6—99.1%,
PVPP cartridge treatment could have superior capability of
removing green tea polyphenols without reducing the caf-
feine content. Additionally, the reproducibility of preparing
the PVPP pre-treatment cartridges seemed satisfactory for
the precise analysis of caffeine in green tea, because the
RSDs of analytical values for caffeine obtained by using
three individual pre-treatment cartridges filled with 10—
200 mg PVPP were 0.60—2.8%. While the efficiency of re-
covering caffeine and removing green tea polyphenols was
essentially unchanged using cartridges with 30—200 mg
PVPP, 50 mg PVPP was employed as the filling material for
the pre-treatment cartridge for further examination from an
economical and practical point of view.

In order to investigate the capacity of a pre-treatment car-
tridge, non-treated tea samples made from 0.1, 0.3, 0.5, 0.7,
1.0, 1.5, 2.0, 2.5, and 3.0 g green tea were treated with car-
tridges filled with 50 mg PVPP, and the recovery yields of
caffeine and four green tea catechins were examined. Non-
treated tea sample was not obtained from >3.0g green tea
because of difficulty of experimental operation. Surprisingly,
caffeine in 0.1—3.0 g green tea was completely recovered in
the range 99.1—102.3%. On the other hand, four catechins
were not detected or recovered at the level of <0.1% in every
case. Therefore, the cartridge filled with 50 mg PVPP can be
used for sample pre-treatment of tea extracts from 0.1—3.0 g
tea leaf.

PVPP Cartridge-Treatment of Oolong and Black Tea
Samples Oolong and black tea are produced from the same
tea leaves as green tea (Camellia sinensis L.); however, both
teas contain different kinds and contents of components from
green tea, since their production processes differ consider-
ably from that of green tea.'® In the case of HPLC analysis
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Typical Chromatograms of (a) Non-treated and (b) PVPP (50 mg) Cartridge-Treated Samples of (A) Oolong and (B) Black Tea

of non-treated oolong and black tea samples, although
polyphenols and caffeine seemed to be well separated within
65 min, the drift of the baseline during successive analysis
under the isocratic condition was caused by polyphenolic
compounds such as theaflavines in black tea, which had
much longer retention times.'® It was observed that these
polyphenols were completely removed by PVPP cartridge
treatment (data not shown), and caffeine in PVPP cartridge-
treated samples of oolong and black tea could be recovered
faultlessly and well-separated chromatographically (Fig. 3).
These results clearly indicate that PVPP cartridge treatment
is a useful and simple method of removing polyphenols and
recovering caffeine not only in green tea but also in oolong
and black tea.

As shown in Figs. 2 and 3, caffeine could be analyzed in
less than 20 min using PVPP cartridge treatment of tea sam-
ples without drift of the baseline during successive analysis
under the isocratic HPLC condition. Moreover, PVPP car-
tridge treatment was simpler and more practical to carry out
than the SPE method with C,; material,'”'® and was not
time-consuming. Therefore, the analytical time could be ef-
fectively shortened and the precision in quantitative analysis
could be raised using PVPP cartridge treatment.

Analysis of Caffeine in Green, Oolong and Black Tea
Ten kinds of green tea, 4 kinds of oolong tea and 5 kinds of
black tea were subjected to the quantitative analysis of caf-
feine according to both methods with PVPP cartridge treat-
ment and non-treatment. As shown in Fig. 4, a good linear
relationship was observed between the results obtained
in these methods; the slope, intercept and » were 1.001,
—0.197mg/g and 0.998, respectively. This result indicated
that sample pre-treatment with a PVPP cartridge was practi-
cal and precise in determining the caffeine in tea samples,
and that all three types of tea samples could be treated prop-
erly for the simple and selective analysis of caffeine.

Conclusion

The pre-treatment method of tea samples was improved
using a cartridge filled with PVPP. When the green tea sam-
ple was pre-treated using the PVPP cartridge, tea catechins
were totally removed and caffeine was recovered completely
from the sample. The reproducibility of preparing PVPP pre-
treatment cartridges was satisfactory for the precise analysis
of caffeine in green tea on the basis of the RSDs of analytical
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Fig. 4. Correlation of the Quantitative Values of Caffeine in 10 Green
(Closed Circle), 4 Oolong (Open Circle) and 5 Black Tea Samples (Open
Triangle) Determined by the PVPP (50 mg) Cartridge Treatment Method
and the Non-treatment Method

values for caffeine. Sample treatment with a PVPP cartridge
was applicable to the pre-treatment of oolong and black tea
samples. The faultless recovery of caffeine and effective re-
moval of polyphenols in oolong and black tea were also ac-
complished by this method. Between the quantitative values
obtained from three types of tea samples treated with a PVPP
cartridge and those from non-treated samples, a good linear
relationship was observed. This result indicated that PVPP
cartridge treatment was useful and precise in analyzing all
types of tea samples. Moreover, this improved pre-treatment
with a PVPP cartridge was not only simple and practical to
carry out, but also economical and not time-consuming. To
render the present analytical method a more practical tool
from the point of view of the routine analysis of many sam-
ples, the analytical time for one sample must be significantly
shortened. In addition, this method may be applicable to
many other analytical methods for the determination of caf-
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feine in various food samples. Further studies along these
lines are currently underway in our laboratory.
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