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Abstract:  A  number  of  caffeine  extraction  methods  have  been  developed,  such  as  microwave
assisted extraction  and  ultrasonic-assisted  extraction.  The  disadvantages  of  these  methods  are  low
selectivity,  inconvenience,  and  inefficiency.  Among the  existing  technologies,  molecularly  imprinted
polymers (MIPs) are one of the most efficient and economical methods for the removal of caffeine
contaminants. In this study, the objective was to prepare MIPs for the removal of complicated samples.
The obtained materials were used as a sorbent for the extraction of caffeine from coffee brewed in an
espresso.  The  MIPs  were  prepared  using  konjac/acrylic  acid  as  a  functional  monomer,  N,  N′-
methylenebisacrylamide as a cross-linker, and caffeine as a template. The chemical structures of MIPs
were  characterized  by  Fourier  transform infrared  spectroscopy.  MIPs  exhibited  a  higher  maximum
adsorption capacity (87.72 mg/g). The equilibrium adsorption data fit well with the Langmuir adsorption
isotherm models,  which  confirm  the  monolayer  adsorption  behaviour  of  caffeine  molecules  on  the
surfaces  of  the  MIPs  samples.  According  to  the  experimental  results  of  the  adsorption capacity  of
caffeine from aqueous solution, the MIPs showed a higher percentage removal of caffeine (75.66%).
Our findings suggest that MIPs are useful adsorbents for the decaffeination of coffee brewed in an
espresso.
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1. INTRODUCTION

Caffeine  (1,3,7-trimethylxanthine)  is  a  widely
known compound found in  numerous plants  and
beverages  such  as  cocoa,  coffee,  tea,  and  cola.
Caffeine alleviates fatigue by activating the central
nervous  system  and  stimulating  metabolism.
However, consumption for an extended period or in
large  quantities  results  in  unpleasant  effects,
including  addiction,  neuroticism,  muscular
twitching,  and  anxiety  (1,  2).  Limiting  caffeine
intake from coffee is recommended, depending on

the time zone and other conditions. Decaffeinated
coffee was first advocated in the early 1900s; by
the early 2000s, decaffeinated coffee accounted for
approximately  10%  of  the  entire  coffee
consumption  (3).  Coffee  beans  were  heavily
decaffeinated  before  roasting.  Organic  solvents
such  as  chloroform,  dichloromethane  (4),
supercritical carbon dioxide (5, 6), and water were
utilized  in  the  initial  part  of  the  decaffeination
process  (7).  Following  the  extraction  procedure,
further decaffeination was performed. This method
of adsorbing caffeine from coffee extracts utilizes
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adsorbents  such  as  activated  carbon  (AC)  (8),
which  can  reduce  the  levels  of  other  desirable
substances in coffee, such as polyphenols (9, 10).

Molecularly  Imprinted  Polymers  (MIPs)
demonstrate a considerably higher affinity towards
molecules  employed  as  templates  than  similar
molecules, including closely related isomers. MIPs
have received significant attention in recent years
because  of  their  unique  benefits,  such  as
predetermined recognition ability, stability, relative
ease,  low  cost  of  synthesis,  and  possible
application  to  a  wide  range  of  target  molecules
(11-17).  MIPs  are  distinctly  more  advantageous
than  typical  solid-phase  extraction  packing
materials  in  terms  of  specificity  (18).  As  an
adsorbent,  caffeine  MIP  was  used  to  extract
caffeine from green tea after four hours of solvent
extraction  (19).  A  large  quantity  of  chlorinated
solvent  is  used  in  the  conventional  method  to
obtain  caffeine  from  a  sample,  which  is  time-
consuming (20). In contrast to traditional sorbents,
MIPs  are  better  at  concentrating  and  separating
target analytes from mixtures. MIPs are based on
synthetic and natural polymers, depending on their
primary  components.  To  synthesize  MIPs,  cross-
linking  agents,  such  as  N,  N′-
methylenebisacrylamide  and  ethylene  glycol
dimethacrylate, copolymerize functional monomers
of acrylic acid (AA) and acrylamide. The resulting
copolymers  are  expensive.  Additionally,  they
exhibit poor biocompatibility and biodegrade slowly
in  the  environment  (21,  22).  However,  MIPs
derived  from  natural  polysaccharides,  such  as
cyclodextrin  (23,24)  and  chitosan  (25-27),  offer
the following advantages: they are biocompatible
and biodegradable, and particularly well suited for
use  in  biology  and  medicine.  MIPs  are  cost-
effective  due  to  their  abundance  and
biodegradability.  Therefore,  polysaccharide-based
MIPs have gained considerable attention recently.
According  to  Lin  et  al.,  MIPs  used  for  protein
recognition are based on agarose (28). According
to Zhao et al., alginate is used to make MIPs for
protein  separation  (29).  Konjac  (K),  which  is  a
water-soluble  polysaccharide  with  a  large
molecular mass, is composed of -1, 4 connected
D-glucose and D-mannose units in a 1:1.6 molar
ratio.  It  is  prepared  from  the  tubers  of  the
Amorphophallus  konjac  plant,  which  is  an
important crop in mountainous areas.  Due to its
high  water  solubility  as  well  as  its  film  and gel
properties,  konjac  has  several  applications  in
medicine, biology, chemical engineering, and other
fields (30-34). However, research on MIPs based
on konjac is limited (35).

MIPs based on konjac were prepared for caffeine
extraction using a graft copolymer of konjac and
acrylic acid (K-g-PAA) as the functional monomer,
N, N′-methylenebisacrylamide as the cross-linker,

and  caffeine  as  the  template.  The  adsorption
capabilities  of  the  MIPs  were  tested  for  caffeine
adsorption properties in aqueous solutions. In this
study,  MIPs  were  used  as  sorbents  for
decaffeinated coffee solutions to find out how well
they could remove caffeine from coffee brewed in
an espresso. 

2. EXPERIMENTAL SECTION

2.1. Chemicals and Materials
Standard  caffeine  (99%),  ammonium  ceric
nitrate (CAN), and acrylic acid (AA) were sourced
from  Loba  Chemie  Pvt.  Ltd.  (India).  AA  was
distilled  via  CuCl  at  low  pressure  prior  to  use.
Theophylline,  anhydrous  (99%),  and  N,  N′-
methylenebisacrylamide  (NMBA,  99%)  were
purchased from Sigma–Aldrich (USA). Konjac was
obtained  from Bkkchemi  (Thailand)  and  used  as
received. Fresh coffee samples were obtained from
local  markets.  All  the  other  reagents  were  of
analytical  grade  and  were  used  untreated.
Deionized  water  was  used  throughout  the
experiments.

2.2.  Preparation  of  Molecularly  Imprinted
Polymers (MIPs) and Nonimprinted Polymers
(NIPs)
Konjac (1.5 g) in 70 mL of deionized water, 1.0 g
of  caffeine,  and 0.14 g of  CAN were added and
stirred in a three-necked flask. A solution of 935.9
mL of AA and 15.4 g of NMBA was prepared by
dissolving them in deionized water; it was poured
into  the  three-necked  flask  through  a  pressure
equalizing dropping funnel. The filtrate was washed
with  deionized  water,  methanol,  and  acetic
acid/methanol, respectively, until no UV absorption
was detected at 275 nm. After removing the acetic
acid with methanol, it was dried under vacuum for
24  h  to  obtain  MIPs.  NIPs  were  prepared  and
processed in a similar manner as MIPs, except that
caffeine was not used as a template.

2.3. Fourier Transform Infrared Spectroscopy
Analysis (FTIR) 
FTIR spectra of the samples were obtained using a
Shimadzu (FTIR 8900) at wavenumber range from
4000 to 400 cm–1 using the KBr pellet technique.

2.4.  Determination  of  Caffeine  in  Coffee
Samples by UV–vis Spectrophotometry
The absorbance of caffeine was measured at 275
nm using a UV-vis spectrophotometer with  double-
beam optical system (Agilent Cary 60). A calibration
curve was constructed each day before the analysis
of  the  samples.  Deionized  water  was  used  as  a
blank. Calibration standards from the caffeine stock
solution  (2  mg/mL)  were  prepared  by  dissolving
200.00 mg of pure caffeine in 100 mL of distilled
water.  Working  solutions  of  0.014,  0.020,  0.026,
0.032, and 0.038 mg/mL (14, 20, 26, 32, 38 mg/L)
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caffeine were prepared by serial dilution of the stock
in 25 mL volumetric flasks with deionized water.
2.5. Adsorption Experiment
MIPs or  NIPs  weighing 0.1  g  were  added to  the
solution of caffeine (2 mg /mL, pH 7) in a volume of
5 mL. The concentration of caffeine in the filtrate
solution  was  measured  using  UV-vis
spectrophotometer at a wavelength of 275 nm; the
adsorption  capacity  was  calculated,  and  a  plot
between  the  adsorption  capacity  and  time  was
created.  The  adsorption  capacity  (Q,  mg/g)  was
primarily  determined  by  the  variance  in  caffeine
concentration,  which  was  computed  using  the
following formula:

Q=
(C0−C t)
m×V

               (1)

where C0 (mg/mL) is caffeine’s initial concentration,
Ct (mg/mL) is the caffeine concentration in filtrate
at t min, V (mg/mL) is the starting solution volume,
and m (mg) is the mass of the MIPs or NIPs.

2.6. Modelling of Experimental Isotherms
The  modeling  of  the  experimental  data  of  the
isotherms  is  used  to  determine  the  adsorption
capacity of MIPs and NIPs adsorbent materials and
to  evaluate  the  mechanisms  applied  in  the
adsorption  process.  The  Langmuir  and  Freundlich
isotherm  models  were  applied  to  fit  the
experimental  data. The Langmuir  isotherm model
justifies a monolayer and homogeneous adsorption.

Qe=
Qm×K L×C e
1+K L×Ce

        (2)

where  Qm  (mg/g)  and  KL are  the  Langmuir

maximum  adsorption  capacity  of  the  adsorbent
material  and  Langmuir’s  constant;  Qe  (mg/g)

represents the amount of caffeine adsorbed, and Ce

represents the equilibrium concentration (mg/mL).
According  to  the  Freundlich  isotherm  model,  the
adsorption  is  multilayer  and  heterogeneous  in
nature.

l ogQe=
1
n
l o gC e+l o gK F

               (3)

where  KF  and n are the Freundlich adsorption and

exponential coefficients, respectively.

2.7. Selectivity Test of MIPs and NIPs
Theophylline  was  used  as  a  control  molecule  to
determine the selectivity of the MIPs and NIPs. The
adsorption  test  was  performed,  as  previously
described, using 0.1 g of MIPs or NIPs in 5 mL of
caffeine  or  theophylline  (0.1  mg/mL,  pH  7).  The
selectivity  of  the  MIPs  was  demonstrated  using

static distribution coefficient (KD), separation factor
(α), and relative separation factor (β). The values
are determined by the following formulas (25, 36):

KD=
Qe
C0

                (4)

where  C0  (mg/mL) represents the initial precursor

concentration  and  Qe  (mg/g)  is  the  equilibrium

adsorption  capacity;  KD  represents  the  binding

capacity between the MIPs and the precursor (the
higher the KD , the stronger the rebinding capacity).

α=
K Di

K D j

                (5)

where  KD i  and  KD j  are  the  static  distribution

coefficients  of  MIPs  and  control  polymers,
respectively;  demonstrates the selectivity of MIPs
(the  higher  of  the  value  of  ,  the  better  the
selectivity). 

β=
αM
αN

                (6)

where αM  is the separation factor of MIPs, and αN  is

the  separation  factor  for  control  polymers.  
demonstrates  the  difference  between  molecular
selectivity of MIPs and control polymers.

2.8. Caffeine Adsorption Capability of MIPs in
Coffee Brewed in an Espresso
A  liquid–liquid  decantation  using  dichloromethane
was performed for decaffeinating  coffee brewed in
espresso solutions  (37,  38).  The  coffee  solution
(Espresso  2  oz,  60  mL)  was  mixed  with  MIPs
according to the best conditions obtained from the
above  study.  Next,  2  g  of  sodium  carbonate
(Na2CO3)  and  4  mL  of  dichloromethane  (CH2Cl2)
were added to the mixed samples in a separating
funnel and shaken for 20 min. The residual water
was  separated  from  dichloromethane  by  draining
dichloromethane through a separating funnel. The
extraction  was  repeated  by  adding  4  mL  of
dichloromethane.  The  extracted  solution  was
evaporated  by  heating,  and  the  sample  was
adjusted  to  the  required  volume  with  deionized
water before UV–vis analysis, where the absorbance
was measured at a wavelength of 275 nm.

3. RESULTS AND DISCUSSION

3.1. Preparation of MIPs (K-g-PAA) and NIPs
Figure 1 illustrates the method of producing MIPs
using  caffeine  as  a  template.  Acrylic  acid  and
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konjac  are  initially  bound  together  by  hydrogen
bonds  surrounding  caffeine  molecules.  Graft
copolymers are  prepared  by graft  polymerization
using  NMBA  as  the  cross-linker  and  ammonium
ceric  nitrate as an initiator. Noncovalent  linkages
were used to imprint the caffeine molecules into
the  cross-linked  graft  polymer.  When  caffeine
molecules  are  removed by the eluent,  molecular
recognition  units  are  formed,  which  have
equivalent  structures  and  sizes  to  caffeine
molecules  (35,  39).  Subsequently,  the  MIPs
obtained  can  selectively  recognize  caffeine
molecules. Typical photographs of MIPs are shown

in Figure 2. The sample of dry MIPs resembles a
flaky white powder. 

3.2. FTIR Analysis of the Samples
The spectra of the samples are illustrated in Figure
3. Caffeine,  konjac, MIPs before extraction, MIPs
after  extraction,  and  NIPs  are  represented  by
Figure 3(a) – 3(e), respectively. The band at 1657
cm–1 is attributed to the stretching modes of the
C=O group of caffeine, as illustrated in Figure 3(a).
The  band  at  3109  cm–1 is  the  C–H  stretching
vibration of caffeine’s aromatic rings. Additionally,
at 748 cm–1, deformation vibrations are observed.

Figure 1: Preparation process of MIPs (K-g-PAA).
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Figure 2: MIPs (K-g-PAA) wet (a) and dry composite (b).

The infrared spectrum of konjac is shown in Figure
3(b). The O–H groups’ stretching mode produces a
broad band at  3398 cm–1.  Sharp bands at  1741
and  1638  cm–1 indicated  minor  C=O  groups  in
konjac  and  intramolecular  hydrogen  interactions,
respectively. The C–O–C stretching vibrations are
attributed to the sharp band at 1020 cm–1. Figure
3(c) illustrates the MIPs’ infrared spectrum prior to
extraction.  In  addition  to  the  bands  mentioned
above for caffeine, there remain the characteristic
bands  of  K-g-PAA.  The  overlap  of  O–H  groups
gives the broad band at 3398 cm–1 in both konjac
and PAA. The C–O–C stretching and C–H vibrations
of konjac are attributed to a sharp band at 1020
cm–1 and the band at 2924 cm–1, respectively. For
PAA,  symmetric  and  asymmetric  stretching  of
COO– appear at 1532 and 1407 cm–1, respectively.
The carbonyl  stretch  C=O of  a carboxylic acid
indicates  the  presence  of  a  new  sharp  band  at
1659  cm–1 .  According  to  the  results,  caffeine
molecules are the template molecules for the graft
copolymers (35).  The distinctive bands of caffeine
disappear  in  Figure  3(d)  (MIPs  after  extraction),
indicating that caffeine had been removed from the
MIPs.  These  differences  can  be  considered  as
providing  evidence  that  MIPs  retained  caffeine
within  their  structures,  possibly  through  weak
noncovalent  interactions  like  hydrogen  bonding.
For NIPs, the wave number of 1657 cm−1 does not
appear in Figure 3(e).

3.3.  Adsorption  Rate  and  Adsorption
Isotherm of MIPs and NIPs
The adsorption kinetic  curves  for  MIPs  and NIPs
are shown in Figure 4 (a). Both NIPs and MIPs are
capable  of  adsorbing  caffeine.  At  80  min,  the
adsorption  capacity  increases  significantly  and
gradually decreases until adsorption equilibrium is
reached  at  120  min.  This  phenomenon  can  be
explained as follows: In the first stage, adsorption
of gels occurs on the surface, resulting in a high
adsorption  rate.  However,  as  adsorption  occurs
within  the  gel  network,  adsorption  equilibrium is
subsequently  reached on the gels'  surfaces.  The
rate  of  adsorption  is  controlled  by  the  rate  of
caffeine diffusion through the gel network.

Caffeine  diffusion  into  the  gels  must  overcome
resistance from the gels' surface and hole wall. As
a result, caffeine's diffusion rate is slow, resulting
in  a  slow  adsorption  rate  (40).  In  addition,  the
caffeine  concentration  in  the  outside  solution
gradually drops during the adsorption process, but
the concentration of caffeine inside the gels rises.
Particularly,  the  concentration  gradient  between
the  interior  and  exterior  of  the  gels  reduces,
resulting  in  a  low  adsorption  rate  (41).  MIPs
demonstrate a higher adsorption rate and capacity
than  NIPs,  according  to  their  adsorption  curves.
This is because template molecules build a large
number of recognition units in gel networks during
the  process,  and  the  adsorption  "channels"
established by template extraction result in a high
adsorption rate.
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Figure 3: FTIR spectra of MIPs and NIPs ((a), caffeine; (b), Konjac; (c), MIPs before extraction; (d),
MIPs after extraction (e) NIPs.)

The adsorption isotherm models for the MIP and
NIPs  at  various  caffeine  concentrations  are
depicted  in  Figure  4  (b).  The  equilibrium
adsorption  capacities  of  both  MIPs  and  NIPs
increase with increasing caffeine concentration and
then  stabilize  at  a  certain  level  of  caffeine
concentration.  When  the  interaction  between
recognition  units  and  caffeine  approaches
saturation,  the  gel  networks  keep  a  constant
number  of  recognition  units,  and  the  adsorption
capacity does not increase with increasing caffeine
concentration (42). The adsorption isotherms are
fitted  by  Langmuir  and  Freundlich  equations  to
understand the behaviour of adsorption (26, 43).
Figure  5  shows  the  fitted  straight  lines  for  the
Langmuir (a) and Freundlich (b) equations, where
Qm of  the  Langmuir  equation  and  n  of  the
Freundlich  equation  are  calculated  from  the

corresponding slopes; KL of the Langmuir equation
and KF of  the  Freundlich equation are calculated
from  the  corresponding  intercepts,  respectively
(Table  1).  With  the  Langmuir  model,  the  linear
correlation  coefficients  for  MIPs  and  NIPs  are
0.9978 and 0.9950, respectively. They are greater
than the correlation coefficients for MIPs and NIPs
with the Freundlich model, which are 0.9757 and
0.9646,  respectively.  Therefore,  the  adsorption
behaviour of both MIPs and NIPs for caffeine can
be expressed in terms of the Langmuir equation;
the  adsorption  behaviour  indicates  monolayer
adsorption  (1).  Based  on  the  intercept,  the  Qm

values  of  MIPs  and  NIPs  are  87.72  and  70.92
mg/g,  respectively;  the  KL values  are  5.18  and
4.02,  respectively.  Higher  Qm values  result  in
higher  adsorption  capacities.  Similarly,  higher  KF

values result in higher adsorption rates.
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Figure 4: Adsorption kinetics (a) and adsorption isotherms (b) of caffeine on MIPs and NIPs.

Figure 5: Langmuir isotherms (a) and Freundlich isotherms (b) for caffeine adsorption on MIPs and NIPs.

3.4.  The  Effect  of  pH  on  MIPs  and  NIPs
Adsorption
The effect of pH on the adsorption capacity of MIPs
and NIPs with various pH values is shown in Figure
6. Qe initially  increases  and  subsequently
decreases with increasing pH in the pH range of 4–
7. The highest value of Qe is obtained at pH 6, but
compared  to  pH  7,  there  is  a  slight  difference,
which  gave  the  experimental  results  some
similarity to those of Da-Ting et al. (35), and also
made pH control easy. Therefore, pH 7 was chosen
for  further  study.  The  following  explanations  are
possible for this occurrence: The structures of the

polymer  shrink  at  low  pH  because  the  polymer
chains  of  MIPs  and  NIPs  contain  COOH  groups,
resulting  in  a  low  Qe.   However,  the  structures
expand  as  the  pH  increases  due  to  reciprocal
exclusion of COO– groups, resulting in an increase
in  Qe.  Furthermore,  Qe is  maximized  when  a
suitable hole is produced in the network. However,
as the pH rises, the holes in the structure become
wider,  destroying  the  gels’  selective  adsorption
capability,  and  as  a  result  decreasing  Qe.
Additionally,  MIPs  exhibit  greater  Qe values  than
NIPs  at  all  pH  values,  indicating  that  unique
recognition units for caffeine are formed.
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Figure 6: Effect of pH on the adsorption capacity of MIPs and NIPs.

Table 1: Parameters of the equations for the adsorption model of caffeine on MIP and NIP.

Sample Experimental Langmuir Freundlich
Qe

(mg/g)
KL

(g/mL)
Qm

(mg/g)
R2 n KF

(mg/g)
R2

MIP 74.40 5.18 87.72 0.9978 1.95 84.43 0.9757
NIP 57.95 4.02 70.92 0.9950 1.53 71.07 0.9646

Table 2: The selectivity of MIPs on caffeine.

Amount of template
(mg/L)

KD (L/g) α β

Caffeine Theophylline

0.0 57.95 54.55 1.06 -

0.5 67.84 44.54 1.52 1.43

1.0 74.40 40.21 1.85 1.74

3.5. Selectivity of MIPs
MIPs  develop  specialized  recognition  units  with
certain shapes and sizes when caffeine molecules
are cross-linked to the functional monomers of K-
g-PAA.  These  recognition  units  can  be  used  to
selectively adsorb caffeine once the template has
been  eliminated.  Considering  the  chemical
structure  of  theophylline  is  similar  to  that  of
caffeine,  theophylline  is  used  as  a  competitive
molecule to investigate the selectivity of MIPs for
caffeine molecules. Table 2 shows the selectivity of
MIPs  and  NIPs  in  the  presence  of  different
templates. KD, or the static allocation coefficient, is
an indicator of the MIPs or NIPs’ ability to bind to
their  target molecules; a high KD value indicates
that  MIPs  have  a  high  affinity  for  the  target
molecules.  However,  the  separation  factor  and
imprinting  efficiency  measure  the  selectivity  of
MIPs  or  NIPs  for  target  molecules;  high  values
indicate that the MIPs have great selectivity. MIPs
have  a  greater  KD for  caffeine  than  for

theophylline.  Additionally,  as  the  amount  of
template increases, the KD for caffeine increases,
whereas the KD for theophylline slightly decreases,
indicating that MIPs have a stronger binding ability
for  caffeine  than  theophylline.  The  variation  in
adsorption  capacity  can  be  attributed  to  the
formation of  specific  recognition units  during the
imprinting process. Additionally, as shown in Table
2, both  and  exhibit an increasing trend as the
amount of template increases, indicating that the
amount  of  template  affects  the  recognition
performance of MIPs. Of course, with the increase
in the amount of template, the number of specific
recognition  units  in  MIPs  is  increased,  and  the
affinity of MIPs to caffeine becomes stronger.

The adsorption capacities of other adsorbents for
caffeine  MIPs  reported  in  previous  studies  were
compared  in  the  present  study  (Table  3).  It  is
evident  that  the  caffein  MIPs  based  on  konjac,
which were prepared by using a graft copolymer of
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konjac  and  acrylic  acid  as  the  functional
monomers,  and N,  N′-methylenebisacrylamide as

the  cross-linker,  showed  the  highest adsorption
capacity.

Table 3: Adsorption capacities of different MIPs for caffeine.

Preparation of caffeine MIPs Qm Reference
Functional monomer: methacrylic acid
Cross-linker: ethylene glycol dimethacrylate

28.10 44

Functional monomer: methacrylic acid
Cross-linker: ethylene glycol dimethacrylate

39.65 45

Functional monomer: konjac glucomannan/acrylic acid
Cross-linker: N, N′-methylenebisacrylamide

62.97 35

Functional monomer: konjac/acrylic acid
Cross-linker: N, N′-methylenebisacrylamide

87.72 This study

3.6. Caffeine Adsorption Capability of MIPs in 
Coffee Brewed in an Espresso
In  terms  of  the  adsorption  capacity  of  caffeine
from  coffee  brewed  in  an  espresso,  MIPs
demonstrate  a  higher  percentage  removal  of
caffeine  (75.66%).  Therefore,  MIPs  have  the
potential to be applied in future work.

4. CONCLUSION

In this study, MIPs demonstrated a high capacity
for caffeine adsorption. The Langmuir equation is
suited  to  describing  the  adsorption  behaviour  of
molecularly  imprinted  polymers  for  caffeine;  the
maximum adsorption of caffeine was 87.72 mg/g,
which  occurred  near  pH  7  within  120  min.  The
Langmuir adsorption isotherm model displayed the
monolayer adsorption of caffeine molecules on the
MIPs.  Caffeine  extraction  from  aqueous  solution
was more efficient using MIPs because they exhibit
significantly higher affinity and selectivity for the
caffeine  used  as  the  template  than  for  similar
molecules. Therefore, it can be potentially used for
the  extraction  and  separation  of  caffeine  from
coffee brewed in an espresso.
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