
Introduction
1)

Recently, molecularly imprinted solid-phase extraction

(MISPE) has become more frequently used to separate

drugs and natural substances. This modern methodology

of separation requires reliable tools that perform at high

levels of efficiency and reproducibility.

The technique of molecular imprinting consists of the

self-assembly of a functional monomer and a template

molecule in solution, followed by the co-polymerization

of the functional monomer and an excess of an appropri-

ate crosslinking monomer. After removing the small

molecules, the resulting network polymer exhibits a

significantly higher affinity for the molecule used as the

template than for similar molecules, including closely

related isomers [1]. Although the MIP can be prepared

using both covalent and non-covalent methods, the latter

approach is more widely used because of the ease with

which it is performed [2]. This technique, which is based

on shape, size, and functionality selectivity, strong affini-
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ty for rebinding of target compounds, and the low cost

significantly for preparation and workability in organic

solvents, calls for finding a proper template to improve

the selectivity and affinity [3].

Solid-phase extraction (SPE) by conventional bonded

silica sorbents has been applied for the isolation and

trace enrichment of organic contaminants from environ-

mental samples prior to their analysis by chroma-

tographic techniques [4]. SPE can be used to isolate and

pre-concentrate the analytes in complex samples. This

technique is more rapid, simple, economical, and env-

ironmentally friendly than is traditional liquid-liquid

extraction. The materials used in SPE are usually based

on the non-specific binding of the targets, which often

suffers some shortcomings, such as low specificity and

selectivity [5]. In recent years, solid-phase extraction

involving molecularly imprinted polymers has received a

number of successful applications [6] because of its high

selectivity, ease of synthesis, low cost for preparation

and workability under different conditions, especially at

harsh pH and in the presence of organic solvents. The

use of MIP in SPE is advantageous mainly when a

selective extraction must be performed and the com-
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monly used sorbents lack selectivity. Then, MISPE

allows not only pre-concentration of the analyte but also

the removal of other compounds present in the sample

matrix [7].

Recent studies have shown that green tea confers great

beneficial effects to the health of consumers, including

reduction of cholesterol, depression of hypertension,

anti-oxidation and anti-microbial effects, and protection

against cardiovascular disease and cancer [8]. Although

various methods have been developed for extraction of

the active components contained in green tea [9-12], new

approaches that exhibit high purity and selectivity remain

in demand. During the past few years, xanthines includ-

ing caffeine represent a group of templates that are of

great interest in MIP [13,14]. MIPs as a kind of selective

sorbent material have many successful applications in

solid-phase extraction, but their application toward

extracting certain active components directly from natu-

ral plants is relatively few [15].

In this study, using a caffeine template protocol, an MIP

was prepared to extract caffeine from green tea. Com-

mercial C18 particles, the blank polymer, and MIP were

compared as SPE sorbents for the extraction of caffeine

from green tea.

Experimental

Chemicals

Caffeine and methacrylic acid (MAA) were purchased

from Sigma (ST Louis, MO, U.S.A.). ,α α',-Azobis

(isobutyronitrile) (AIBN) was obtained from Junsei

Chemical Co., Ltd. (Japan). Ethylene glycol dimeth-

acrylate (EDMA) was obtained from Fluka (Buchs,

Switzerland). All the above reagents were used directly

without further pretreatment. Acetonitrile (ACN) and

methanol (MeOH) were of HPLC grade and obtained

from Duksan Pure Chemical Co., Ltd. (Ansan, Korea).

Acetic acid (AA, analytical grade) was obtained from

Oriental Chemical Industries (Incheon, Korea). Green tea

was purchased from a domestic market in Seoul, Korea.

Doubly distilled water was filtered using a decom-

pressing pump (Division of Millipore, Waters) and a

filter (FH-0.5 µm).

HPLCAnalysis

HPLC was used for quantitative analysis of the SPE

results. The liquid chromatographic system contained a

Waters 600 s Multisolvent Delivery System, a Waters

616 pump (Waters, Milford, MA, U.S.A.), a Waters 2487

Dual Absorbance detector (Waters, Milford, MA, U.S.A.),

and a Rheodyne injection valve (20-µL sample loop). A

millennium 3.2 instrument (Waters, Milford, MA,

U.S.A.) was used as the data acquisition system. Quan-

titative determination was performed using a C18 column

(5 µm, 250×4.6 mm from Rstech corporation, Korea);

methanol/water (40/60, %v/v) was used as the mobile

phase. The flow rate was fixed at 0.5 mL/min and

performed in isocratic mode. The injection volume was

20 µL; the wavelength was set at 270 nm. All chro-

matographic procedures were performed at ambient

temperature.

PolymerPreparations

The following materials were added to a 250-mL two-

neck glass flask: 5 mmol of the monomer (MAA), 30

mmol of the crosslinker (EGDMA), 0.12 g of the

initiator (AIBN), 9 mL of the porogen (ACN), and 1

mmol of the template (caffeine). The reaction mixture

was subjected to supersonication for 10 min, and then

sparged with helium for 10 min to remove oxygen,

vacuumed for 10 min, and sealed under vacuum.

Polymerization was performed in a water bath at a

temperature of 60
o
C for 24 h. After polymerization, the

bulk polymer was removed from the reaction flask and

placed into an oven for drying. The dried polymer was

ground into particles and passed through a 32-µm sieve;

small particles were removed by repeated sedimentation

with water. Following these procedures, particles of 25

32 µm size were collected. Blank polymer was prepared

following the same procedure, but with the absence of

template. The C18 particles were a commercial (Alltech,

Deerfield, U.S.A.) product.

Solid-Phase Extraction

Commercial SPE cartridges were emptied of their

packing materials. Next the cartridge tube and frits were

thoroughly cleaned and dried. About 200 mg of the

corresponding polymer was packed dry in the cartridges

and the upper frits were placed on top. The C18 SPE

cartridge (with 200 mg packing material) was a product

obtained from Alltech (Deerfield, U.S.A.). Prior to ex-

traction, the MIP cartridges were treated with methanol/

acetic acid (90/10, %v/v; 4×3 mL), followed by meth-

anol (4×3 mL). C18 particles and blank polymer were

treated by methanol only (4×3 mL). Extraction experi-

ments consisted of loading the SPE cartridges with a

caffeine (concentration: 0.2 mg/mL) or a solvent extrac-

tion sample of green tea, with loading volumes of 1 mL,

respectively, and then washing with 1 mL of methanol

and eluting with 1 mL of a mixture of methanol and

acetic acid (90/10, %v/v). Quantitative determination

was based on the constructed calibration curve: y = 1×

10
-6
x -2.1039, where y is the volume of caffeine in the

water L of injected samples and x is the peak area

(mAU*sec). Various volumes of caffeine (5, 10, 15, and

20 µL) were injected into the HPLC system to calculate

the regression coefficient. The regression coefficient of
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the straight line of caffeine was 0.9763.

Solvent Extraction fromGreen Tea

Solvent extraction from green tea was performed as

reported previously [10]. Green tea (5 g) was extracted

with 150 mL of doubly distilled water with continuous

stirring at 50
o
C for 4 hr. The extract was filtered using a

0.2-µm, 25-mm syringe filter (Alltech, Deerield, U.S.A.).

The extract was diluted with water (1 mL extract from

green tea + 9 mL distilled water) and then applied for

loading on the SPE cartridge.

Caffeine Content

The caffeine content in green tea was determined using

a process of several steps. First, 0.5 g of green tea was

extracted with 150 mL of doubly distilled water with

continuous stirring at 50
o
C for 4 hr. Second, the refuse

of the green tea was extracted with 150 mL of doubly

distilled water with continuous stirring between 15 85
o
C for 24 hr. Third, the refuse of the green tea was

extracted with 150 mL of doubly distilled water with

continuous stirring between 15 85
o
C for 48 hr. Fourth,

the refuse of the green tea was extracted with 150 mL of

doubly distilled water with continuous stirring between

15 95
o
C for 72 hr. Fifth, the refuse of the green tea

was extracted with 150-mL of HPLC-grade methanol

with sonication between 15 95
o
C for 1 hr. The extracts

were filtered using a 0.2-µm, 25-mm syringe filter

(Alltech, Deerield, U.S.A.). The extracts were then

injected into the analytical HPLC. The chromatograms

obtained were used for quantitative determination of

caffeine in green tea.

Results and Discussion

A caffeine MIP and blank polymer were prepared in

this study. Commercial C18 particles with the above

polymers were packed into the cartridges to investigate

the effect of MISPE. Sorbent-analyte interactions fall

into three categories: non-polar, polar, and ionic. Non-

polar sorbents are generally selected for extracting tria-

zines from water. By contrast, degradation products,

which contain very polar functional groups such as

hydroxyl, carbonyl, amine, and sulfhydryl units, require

polar sorbents. Polar sorbents exhibit a strong tendency

to form hydrogen bonds. The retention of polar com-

pounds on polar sorbents is facilitated by non-polar

solvents. Analytes that are capable of forming cations

include amines; analytes with the potential to form

anions include carboxylic and sulfonic acids and phos-

phates. For retention to occur with ionic interactions, an

anionic sorbent should be selected to retain cations, and a

cationic sorbent to retain anions. For maximum retention,

Table 1. Solid-Phase Extraction of Caffeine Standard With

Different Sorbents

Sorbent
Step

C18 Blank MIP

Loading (µg/g)
Washing (µg/g)
Elution (µg/g)
Recovery (%)

85.06
93.46
n.d
94.37

9.26
186.88
n.d
98.07

0.34
108.64
69.20
94.09

n.d : Not detected

Figure 1. Schematic representation of the loading, washing,

and elution of caffeine in the MISPE system.

the pH of the matrix should be 2 pH units below the pKa

of the cation and 2 pH units above the pKa of the anion

[16]. In comparison with traditional stationary phase

extraction materials, a unique property of MIPs is their

lock-key relationship with the target molecule, and,

hence, their selectivity is predetermined. MISPE is a

well-recognized technique for the selective extraction

and pre-concentration of analytes present at low levels in

chemically complex samples [17]. Above these principles

of MISPE, a schematic illustration is presented in Figure

1, depicting the loading, washing, and elution of caffeine

processing with caffeine MIP. In the elution process, the

larger amount of caffeine was eluted than during the

loading and washing processes. We found that the

MISPE can selectively recognize the template molecule

among other structurally related molecules (Table 1).

Commercial C18 particles, the MIP, and the blank

polymer were each used for extraction of a caffeine

standard (0.2 mg/mL) by SPE. SEM images of the C18

particles, blank polymer, and MIP are shown in Figures

2(A), (B), and (C), respectively. Although the effect of

the particle size on the performance of the separation is

important, in this study we did not consider this phe-

nomenon, which will be a subject for further work.

Generally, the MIP exhibits better molecular recognition

in the solvent used as porogen during polymerization. It

is revealed that selective binding of the template to the

MIP is enhanced under conditions similar to those

occurring during the molecular self-assembly in the
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Table 2. Solid-Phase Extraction of Caffeine from Green Tea

with Different Sorbents

Sorbent
Step

C18 Blank MIP

Loading (µg/g)
Washing (µg/g)
Elution (µg/g)
Recovery (%)

60.86
5296.06
n.d
25.50

29.98
4811.12
n.d
23.04

40.05
1368.30
7979.12
44.69

n.d : Not detected

polymerization mixture. Because acetonitrile was one of

the porogens used during the preparation of the MIP,

acetonitrile was chosen as the loading solvent. Methanol

and a methanol/acetic acid mixture (90/10, %v/v) were

used as the washing and eluting solvents, respectively. In

the loading step, the amount of caffeine from the C18

sorbent was 85.06 µg/g, which was 9 and 250 times for

the blank polymer and MIP, respectively. However, in

the washing step, the amount of caffeine was 93.46 µg/g,

while the amounts of 93.42 and 15.18 µg/g were obtained

for the blank polymer and MIP, respectively. In the

elution step, negligible amounts of caffeine remained

from C18 and blank polymer, because in the previous two

steps almost all of the caffeine was eluted out. From the

MIP cartridge, the amount of caffeine eluted out was

69.20 µg/g. This result is due to specific binding of the

MIP to the template and the caffeine. Comparing these

results we found that the MIP had a superior adhesive

capability toward caffeine. The recoveries were 94.37,

98.07, and 94.09 % for the C18, blank polymer, and MIP

cartridges, respectively. Methanol and acetonitrile con-

taining a small percentage of an acid, such as trifluo-

roacetic acid [18] or acetic acid [19], have been used as

eluting solvents to recover the template from the MIP-

SPE cartridge. It is believed that highly polar solvents

(A)

(B)

Figure 3. Chromatograms of the solid-phase extraction of

caffeine from green tea. (A) Loading in C18; (B) loading in

MIP.

Figure 2. SEM images of the different particle sizes of the sorbents. (A) C18: Commercial C18 particles (Alltech, Deerfield,

U.S.A.); (B) Blank: Blank polymer; (C) MIP: MIP polymer particles, prepared by bulk polymerization and then ground and passed

through a 32-µm sieve.
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Figure 4. Chromatogram of caffeine from green tea at the

elution step of the MISPE. Solvent: MeOH/AA (vol.%)=90/10.

can interfere with the specific binding, i.e., hydrogen

bonding or electrostatic interactions, between the template

and the polymer. Otherwise, the hydrophobic interactions

can be enhanced. This phenomenon may explain the low

recovery on the C18 SPE column in this work.

Caffeine and some catechin compounds were extracted

from green tea by MISPE. The SPE extraction of green

tea followed the same load-wash-elute procedure as did

the SPE extraction of caffeine, except that an aqueous

sample of green tea was used in the loading step. Figure

3 shows chromatograms of the extract of caffeine from

green tea when using the C18 and MIP sorbents.

Comparison between Figures 3(A) and (B) suggests that

the caffeine was extracted with the MIP sorbent. Most of

the compounds eluted through washing processing, in-

clude caffeine, when using the C18 and blank polymer

sorbents. Comparison above two sorbents, on the MIP

sorbents, vary small of amounts of caffeine were eluted

(Table 2). This Table shows the results of solid- phase

extraction of caffeine from green tea when using the

different sorbents. In the loading step, the amount of

caffeine from the C18 cartridge was 60.86 µg/g, while

amounts of 30.87 and 20.81 µg/g were obtained for the

blank polymer and MIP cartridge, respectively. In the

washing step, the amount of caffeine from the C18

cartridge was 5296.06 µg/g, while amounts of 484.94

µg/g and 3927.76 µg/g were obtained for the blank

polymer and MIP cartridge, respectively. The caffeine

content in green tea was calculated from the caffeine

content section. The amounts of caffeine extracted from

green tea were 20.61, 0.37, 0.028, 0.00, and 0.00 mg/g at

the first to fifth steps, respectviely. Thus, the caffeine

content in green tea was 21.01 mg/g. The recoveries of

caffeine from green tea were 25.50, 23.04, and 44.69 %

after passage through the C18, blank polymer, and MIP

cartridges, respectively. During the elution processing,

no caffeine was detected from either the C18 or blank

polymer cartridges. In contrast, a large amount of caf-

feine was eluted from the MIP cartridge during elution

processing. Figure 4 shows the chromatogram of the

elution of caffeine from green tea by MISPE. The main

component is caffeine and its content and purity were

7979.12 µg/g and 84.83 %, respectively. It is known that

the selective binding sites are mainly formed by

hydrogen bonding or electrostatic forces during self-

assembly of the template and monomer, while the other

part of the MIP surface remains non-selective, namely

hydrophobic. In this case, an aqueous sample was ap-

plied during the loading step; water is a high polarity

solvent that exhibits strong hydrogen bonding ability, the

selective binding of the MIP was suppressed and the MIP

behaved as a reversed-phase material. We observe that

similar extraction results have been obtained with SPE

materials. On the other hand, one can conclude that the

MIP SPE materials used in this work are comparable

with conventional C18 particles.

Conclusions

In this study, a caffeine molecularly imprinted polymer

was prepared. The caffeine MIP exhibited high selec-

tivity toward caffeine molecules. Different sorbents were

used for solid-phase extraction of caffeine from green

tea. When applied to the solid-phase extraction of green

tea, the MIP behaved as a reversed-phase material, and

the extraction results are comparable with those of

conventional C18 particles. The caffeine content in green

tea was 21.01 mg/g. During elution processing, almost-

pure caffeine was detected from the caffeine MIP car-

tridge. We observed that higher affinity and recovery of

caffeine was obtained when using the MIP cartridge than

from the blank polymer and commercial materials. Thus,

this caffeine MIP can selectively extract and remove

caffeine from green tea. In addition, we believe that it

can be used for the extraction of specific components

from crude plants by MISPE.
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