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ABSTRACT
This work proposes the application of flexible alcoholic aqueous two-phase systems to manipulate
the partition of caffeine. An optimization study was performed the caffeine partitioning towards
top phase (60.0 wt% 2-propanol + 20.0 wt% K3PO4 at 303 K – Kcaf = 3.4 and RT = 89.1%) and
bottom phase (60.0 wt% methanol + 17.5 wt% K2HPO4/KH2PO4 at 278 K – Kcaf = 0.06 and RB =
81.1%). These processes were evaluated by applying them to real biomass as guaraná seeds
(purification factor (PF) = 6.59-fold) and coffee beans (PF = 3.24-fold) for the 2-propanol and
K2HPO4/KH2PO4 system.

ARTICLE HISTORY
Received 12 August 2015
Accepted 3 June 2016

KEYWORDS
Alcohol; aqueous two-phase
systems; caffeine partition;
potassium phosphate salts

Introduction

Caffeine is chemically known as 1,3,7-trimethylxanthine or
3,7-dihydro-1,3,7-trimethyl-1H-purine-2,6-dione
(C8H10N4O2). This alkaloid belongs to the xanthine group,
being found in several edible plants, such as green tea leaves
(Camellia sinensis),[1] guaraná seeds (Paullinia cupana)[2]

and coffee beans (Coffea canephora, Coffea arabica).[3]

Extensive research has been carried over the years on
the extraction of caffeine, which may serve the purposes
of obtaining decaffeinated foods and to obtain pure
caffeine for other applications, namely in the food and
pharmaceutical industries. Many processes have been
proposed for the recovery of caffeine from coffee beans
and other raw materials. Most extraction processes stu-
died use solid–liquid techniques with the application of
organic solvents, such as chloroform, acetone, methanol,
ethanol or acetonitrile,[1,4] or alternatively use of super-
critical fluids.[5] Other unconventional approaches pro-
pose the use of high temperature and ultrasounds,[6]

column chromatography,[7] microwave-enhanced
vacuum ice water extraction[8] and aqueous solution of
ionic liquids (ILs).[9] However, to enhance the purity
level of caffeine, a purification step must be applied in
most cases to the crude extract. Among the various
examples of purification processes applicable are the
aqueous two-phase systems (ATPS), extensively studied
in the last decades.

ATPS are formed by two immiscible aqueous phases and
the main approach used to prepare ATPS is the addition of
two water-miscible polymers,[10] or a polymer and an inor-
ganic salt.[11,12] Recently, systems based on ILs and salts,
[13–15] organic solvents and salts,[16–19] organic solvents and
ILs,[20] besides organic solvents and carbohydrates[21] have
been proposed showing the flexibility of these systems that
can be easily used to complement the extraction processes
by including a fractionation step also designated by purifi-
cation step. ATPS are considered as an important tool for
an efficient fractionation/purification of simple biomole-
cules, such as alkaloids,[22] food flavours,[23–25] drugs[26–30]

and natural dyes,[31] as well as more complex structures,
namely enzymes[14,19,32,33] or antibodies.[34,35] However,
polymer-based ATPS present high viscosities, which may
be a significant concern in the separation process due to the
mass transfer problems associated with the biomolecule
partition.Moreover, while polymer–polymerATPSpresent
a limited polarity difference between the phases, thus limit-
ing the partition coefficients of the smaller biomolecules,
polymer–salt systems on their side present a too large
polarity difference limiting their selectivity. In this context,
the present work is carried out considering the use of
alcohol–salt ATPS,[36] thus reducing the high viscosities
obtained when polymer-based ATPS[33] are applied. In
addition, the alcohol-based ATPS are low-cost separation
techniques because the recovery of the phase-forming
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alcohols is easily achieved through evaporation and
they may present a significant polarity window, for
example, when compared with the polymer–polymer
ATPS. Although the alcohol–salt ATPS can have limited
biocompatibility with some complex biomolecules
(such as enzymes, causing their inactivation or even
denaturation[37]), for simpler biomolecules, such as pheno-
lic compounds, antioxidants or xanthenes, their negative
impact in the molecules structures is not so pronounced.

The present work addresses the use of alcohol–salt
ATPS for the recovery of caffeine from guaraná seeds
and coffee beans. The optimization of the caffeine par-
tition between the two phases, the alcoholic (methanol,
ethanol, 1-propanol and 2-propanol) top phase and the
saline (potassium phosphate salts, namely K3PO4,
K2HPO4 and potassium phosphate buffer composed
of K2HPO4/KH2PO4) bottom phase, was first studied.
The concentration of each one of the ATPS compo-
nents (tie-lines composition) and the temperature of
the partition systems, between 278 and 308 (±1 K),
were the parameters investigated. The potential of
these alcoholic-based liquid–liquid extraction systems
promoting the migration of caffeine (commercial stan-
dard) for the alcohol-rich phase or its re-concentration
into the salt-rich phase, simply by the manipulation of
the conditions described above, was successfully
achieved. After the optimization process, the best
operational conditions were applied in the extraction
and purification of caffeine from two different sources,
namely coffee beans and guaraná seeds, one of the most
abundant natural sources of caffeine found in Brazil,
aiming to demonstrate the potential of these systems to
manipulate the caffeine partition.

Materials and methods

Materials

Caffeine with purity higher than 99.5 wt% was pur-
chased at José M. Vaz Pereira, SA (Lisboa, Portugal).
The alcohols (methanol, ethanol, 1-propanol, 2-propa-
nol) and inorganic salts (potassium phosphate, K3PO4,
potassium hydrogen phosphate, K2HPO4, and potas-
sium dihydrogen phosphate, KH2PO4) were obtained
from Vetec (Rio de Janeiro, Brazil). The alcohols and
salts present a purity level higher than 98 wt%. Guaraná
seeds and coffee beans were purchased at a local market
in Aracaju-Sergipe, Brazil. Ultrapure water that was
double-distilled, passed by a reverse osmosis system
and further treated with a Milli-Q plus 185 water pur-
ification apparatus was used.

Caffeine partition in model systems

The model systems studied are comprised of alcohols
(methanol, ethanol, 1-propanol and 2-propanol) and
aqueous solutions of potassium phosphate salts
(K3PO4, K2HPO4 and the phosphate buffer composed
of two inorganic salts K2HPO4 and KH2PO4) (pH 7.0;
Henderson-Hasselbalch equation equivalents = 1.087).

The partition systems were prepared in graduated cen-
trifuge tubes (15 mL) by weighting the appropriate
amounts of alcohol (40–60 wt%) and potassium phos-
phate salts (10–20 wt%), as described by Lima and
coworkers,[24] and a caffeine aqueous solution (10 mg⋅
L–1) in a total mass of 14.0 g. The mixtures were then
gently stirred and centrifuged at 2000 rpm for 10 min at
278–308 K. The graduated tubes were placed at the
respective temperature, between 278 and 308 (±1 K) and
atmospheric pressure, using a thermostatic bath
MARCONI MA-127, for at circa 12 h, ensuring that the
thermodynamic equilibrium is reached and guaranteeing
the complete caffeine partition. The vials were closed
during this period to prevent alcohol evaporation. The
two phases were then carefully collected for the determi-
nation of their volume and weight, and the caffeine was
quantified in the top phase (in triplicate) using a Varian
Cary-50 Bio UV-visible Spectrophotometer, at the wave-
length of 279 nm. The respective calibration curve was
properly established for the wavelength considered and
the mass balance of caffeine was used to determine the
caffeine concentration in the bottom phase due to the
phosphate salt interference in the caffeine determination
in the lower layer. The caffeine concentration described is
thus the average of the caffeine concentration determined
without any dilution being applied.

It should be remarked that for all ATPS studied the
top phase was the alcohol-rich phase while the bottom
phase corresponds to the salt-rich phase.

The caffeine partition coefficient (Kcaf) was defined
as the ratio between the concentration of caffeine (Ccaf)
in the top (T) and bottom phases (B) (Eq. (1)). In order
to evaluate the partition process, the volume ratio (Rv)
and the respective caffeine recovery for the top and
bottom phases (RT and RB %) were estimated according
to literature[19,38] and following Eqs. (2)–(4).

Kcaf ¼ CcafT

CcafB
(1)

Rv ¼ VT

VB
(2)

RT ¼ 100
1þ 1

Kcaf�Rv

 !
(3)
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RB ¼ 100
1þ Kcaf � Rv

(4)

where C is the concentration of caffeine, V is the
phase volume, and T and B correspond to the top and
bottom phases, respectively.

At least three individual ATPS for each condition
studied were prepared, the partition coefficient and
recovery results being presented as an average value
and the uncertainty associated to both parameters
being less than 5.0%.

The temperature effect in the caffeine partition pro-
cess was also evaluated. The respective thermodynamic
parameters of phase transfer, such as the standard
molar Gibbs energy (ΔtrG°m – kJ⋅mol–1), the standard
molar enthalpy (ΔtrH°m – kJ⋅mol–1) and the standard
molar entropy of transfer (ΔtrS°m – J⋅mol–1⋅K–1), were
calculated according to Eqs. (5)–(7):

lnðKcafÞ ¼ �ΔtrH0
m

R
� 1
Tref

þ ΔtrS0m
R

(5)

ΔtrG
0
m ¼ ΔtrH

0
m � TrefΔtrS

0
m (6)

ΔtrG
0
m ¼ �RTref lnðKcafÞ (7)

where R is the universal gas constant (8.314 J⋅mol–1⋅K–1)
and Tref is the temperature of reference (±1 K).

Recovery and purification of caffeine from guaraná
seeds and coffee beans

The selective recovery of caffeine was carried out using
two natural sources widely available in Brazil: guaraná
seeds and coffee beans. The compositions of the pre-
ferred ATPS to selectively fractionate the caffeine from
the remaining contaminants were chosen considering
the best results of partition coefficients and recovery
identified in the optimization study aiming at the
recovery of caffeine. In this context, the system com-
posed of 60.0 wt% of 2-propanol + 20.0 wt% of K3PO4

+ 20.0 wt% of H2O was used aiming to promote the
migration of caffeine to the top phase, while the system
composed of 60.0 wt% of methanol + 17.5 wt% of
potassium phosphate buffer + 22.5 wt% of H2O was
able to manipulate the migration of caffeine to the salt-
rich phase.

Around 1.07 ± 0.04 g of coffee beans and 0.309 ±
0.002 g of guaraná seeds were dispersed in 30 mL of
aqueous solutions of alcohol (2-propanol or methanol
at 60.0 wt%) and then incubated at 278 and 303 (±1 K)
for 12 h, depending on the system applied. The alco-
holic-based extracts prepared rich in caffeine were then
filtered (0.42 µm) to eliminate the bean/seed particles.
The inorganic salts (K2HPO4/KH2PO4 at 17.5 wt% or
K3PO4 at 20.0 wt%) and water were then added to

prepare the respective ATPS in the required concentra-
tions (total mass of 14 g). The mixtures were gently
stirred for 5 min and centrifuged at 2000 rpm at 298 or
303 K for 10 min. The extraction systems were allowed
to reach the equilibrium during 12 h at least. The vials
were closed during this period to prevent alcohol eva-
poration. Finally, both phases were carefully separated
and weighed, the volume of each phase was measured
and the caffeine was quantified in the top phase. The
caffeine quantification was carried out as previously
described.

Before calculation of the purification factor (PF), the
analysis of the total phenol content (PC) in the extract
of coffee beans and guaraná seeds was assessed and
quantified in each phase by spectrophotometry using
the colorimetric Folin–Ciocalteu test, using gallic acid
as standard.[39] Then, the PFcaf was determined by the
ratio between the specific concentration of the caffeine
(SCcaf) extract and in each phase (subscribe T for top
and B for bottom) according to Eqs. (8) and (9),
respectively.

SCcaf ¼ Ccaf

CPC
(8)

PFcaf ¼ SCcafð ÞTorB
SCcafð ÞE

(9)

Results and discussion

This work studies the potential of alcohol–salt ATPS in
the purification of alcoholic caffeine extracts. Since one
of its objectives is to evaluate the possibility of manipu-
lating the migration of caffeine from an alcoholic to an
aqueous phase, the results will be analysed through the
recovery of the biomolecule for the top and bottom
phase, taking into account its concentration in the
alcohol- and salt-rich phases, respectively. The use of
these systems as potential platforms of caffeine recovery
from biomass or food wastes sources is thus envisaged.
The concentration of caffeine used was the same for all
experiments (10 mg⋅L–1), independently of the condi-
tions under investigation. Thus, different parameters
were optimized, namely the alcohol, the phosphate
salt type and concentration and, finally, the tempera-
ture of the partition processes.

Influence of the ATPS components on the caffeine
partition

The effect of the alcohol (methanol, ethanol, 1-propa-
nol and 2-propanol) and potassium phosphate salt
(K3PO4, K2HPO4 and K2HPO4/KH2PO4) in the caffeine

2010 S. B. SANTOS ET AL.



partition was first evaluated (Table 1). To assess the
partition coefficients experimentally obtained for caf-
feine, the quantification method was carefully evalu-
ated, considering the possible effect of the ATPS
components, the influence of the type of salt and the
pH values on the caffeine quantification (see supple-
mentary Table S1) in each system.[24] Because the caf-
feine partition is pH independent since its charge does
not change with the pH (see supplementary Figure S1),
a blank system (without caffeine) was prepared for each
system studied to eliminate the possible interferences in
caffeine quantification. The effect of the alcohol on the
partition is reported in Fig. 1 (see supplementary
Tables S2 and S3). The ATPS were prepared using
50.0 wt% of alcohol + 15.0 wt% of the inorganic salt
+ 35.0 wt% of a caffeine aqueous solution (≈10 mg⋅L–1).
The partition coefficient of a biomolecule is the result
of several competing interactions between the biomo-
lecule and the ATPS phase formers. Moreover, distinct
phenomena besides the interaction between the target
biomolecule and the system components must also be
considered,[26] namely the two-phase polarity and the
salting-out effect of the inorganic salt.[22]

The results reported in Fig. 1 show that there is an
effect of the size of the alcohol and the inorganic salt on

the caffeine partition. In what concerns the salt effect,
the Kcaf seems to closely follow the Hofmeister series,[40]

K3PO4 > K2HPO4 > K2HPO4/KH2PO4, as observed in
the partition of other biomolecules.[41] The alcohol also
seems to have an influence on the Kcaf, which increases
with the alcohol size, this effect being more pronounced
when conjugated with stronger salting-out species
(K2HPO4 and K3PO4). Besides the increase in the hydro-
phobicity resulting from the increase in the alkyl chain
of the alcohol, and its impact on the partition coeffi-
cients of the biomolecules,[14, 33] in our case the influ-
ence of the caffeine solubility in the alcohol-rich phase
by the increase of the “alcohol–water” interactions is also
an important issue.[17] Wang and coworkers[17]

described that the “ion–dipole” interactions between
the salt ions and the water molecules are responsible
for a better ionic hydration, and that the phase-forming
salts can be dissolved in the bottom phase. Meanwhile,
the above interactions decrease the amount of free water
molecules in the aqueous phase, leading to the exclusion
of the alcohol and caffeine from the lower phase. In the
same way, the authors explain that a large amount of a
hydrophilic alcohol (e.g. methanol) in the alcohol-rich
phase will interact with the water molecules, influencing
the solubility of the target biomolecule in this system.
This behaviour is described by the dielectric constants of
the alcohols investigated: methanol (33.30) > ethanol
(25.02) > 1-propanol (20.33) > 2-propanol (18.22).[42,43]

This parameter represents the capacity of a material to
be “polarized” by an environment imposition, with this
“induced-polarization” being responsible for the
increased alcohol solubility in water (e.g. methanol).
Consequently, the caffeine solubility in the alcohol-rich
phase is decreased,[26] therefore justifying the lower Kcaf

for the alcohol-rich phase investigated. The dielectric
constant can also justify the partition coefficient beha-
viour of both propanol isomers. The 2-propanol shows a
slightly higher Kcaf when compared with the 1-propanol
results (which is independent of the inorganic salt used)
since the higher solubility of 1-propanol in water
described by its higher dielectric constant is also respon-
sible for its lower affinity with caffeine. Despite the lack
of studies using alcohol–salt ATPS to extract caffeine,

Figure 1. Influence of the alcohol (number of carbon atoms) on
the Kcaf: (1) methanol, (2) ethanol and (3) 1-propanol or 2-propanol
(open symbol) conjugatedwith the salts. ( ) K3PO4, ( ) K2HPO4 and
( ) K2HPO4/KH2PO4 for the ATPS composed of 50.0 wt% of alcohol
+ 15.0 wt% of salt + 35.0 wt% of H2O (at 298 ± 1 K).

Table 1. Experimental results of Kcaf (uncertainty < 5.0%) and recovery data for both phases (uncertainty < 8.0%), top (RT) and
bottom phases (RB) for all the systems investigated composed of 50.0 wt% of alcohol + 15.0 wt% of salt + 35.0 wt% of a caffeine
aqueous solution, at 298 ± 1 K.

K3PO4 K2HPO4 K2HPO4/KH2PO4

Alcohol Kcaf RT (%) RB (%) Kcaf RT (%) RB (%) Kcaf RT (%) RB (%)

Methanol 1.05 84.4 15.6 0.85 81.7 18.8 0.30 60.4 40.1
Ethanol 1.31 83.4 16.7 1.10 82.8 17.3 0.36 55.1 45.2
1-Propanol 1.92 81.8 18.3 1.35 75.2 24.5 0.40 56.2 44.2
2-Propanol 2.04 83.7 16.5 1.75 84.6 14.7 0.49 59.5 40.7
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Coutinho and coworkers[22] have reported the use of IL-
based ATPS to separate the same biomolecule, where
caffeine appears concentrated in the (more organic) IL-
rich phase (Kcaf = 120).

Despite the lowest Kcaf reported in Fig. 1, one of the
advantages of these ATPS is their versatility and capa-
city to manipulate the caffeine partition, which is not
verified using IL-based ATPS,[22] where all the Kcaf

obtained were higher than 1, indicating the migration
of caffeine for the (IL)-rich phase. Using the alcohol-
based ATPS, it is possible to induce the migration of
caffeine for either the top or bottom phases only by
adjusting the components of the system. This tailored
ability is a peculiar characteristic of these alcohol-based
methodologies with a large potential for the selective
extraction or purification processes of caffeine, or other
biomolecules, from different natural sources (e.g. pro-
cessed food and/or fruit raw materials). In this context,
in the following two sections, the manipulation of the
alcohol–salt ATPS to optimize the caffeine partition for
each of the two phases, by changing temperature, type
and concentration of the inorganic salt and the alcohol,
is presented and further discussed.

Caffeine partition into the alcohol-rich phase

In this section, the best conditions to promote the
partition of caffeine towards the alcohol-rich phase
were checked by changing (increasing) the tie-line
length, which consequently changed the mass composi-
tion of each one of the phases, thus maximizing the
favourable interactions between the alcohol and caf-
feine (addition of higher amounts of alcohol) or
increasing the salting-out nature of the bottom phase
(addition of higher amounts of salt). In terms of experi-
mental procedure, both the amount of the inorganic
salt and alcohol used in the ATPS formation were
increased. This optimization is proposed since the
recovery of pure caffeine from the alcohol rich-phase
is easily carried out by the alcohol evaporation. Thus, in
this specific case, the partition system was studied using
three different approaches, namely the effect of K3PO4

and 2-propanol concentration and the temperature of
the process.

The effects of different mass fraction percentages of
K3PO4 in the Kcaf were studied and the respective
results are depicted in Fig. 2A (detailed in supplemen-
tary Table S4). The results suggest that the increase in
the salt concentration enhances the exclusion of caf-
feine from the salt- to the alcohol-rich phase. This
behaviour is explained by the higher affinity of the
salt to be hydrated by the water molecules (high ionic
strength, or “salting-out” nature), forcing the caffeine

migration towards the top phase.[33] Through the
increase of the salt concentration, it is possible to
increase the Kcaf from 1.89 to 2.20. However, the recov-
ery parameter for the top phase is not affected being
approximately constant for all systems (83.7% < RT

< 85.7%).
The second approach used to manipulate the caf-

feine migration into the top phase was based on the use
of different mass fractions of 2-propanol (from 40.0 to
60.0 wt%). As already discussed, also in this case the
tie-line (and tie-line length) was changed and with it
both phases were enriched in the principal compo-
nents. In this case, it is expected to maximize the
favourable interactions between caffeine and alcohol.
The associated results are reported in Fig. 2B (detailed
in supplementary Table S5), using K3PO4 at 20.0 wt%
(the best condition optimized above). The increase in
the 2-propanol concentration is responsible for the
increase of Kcaf from 1.43 to 3.17. The migration of
caffeine to the top-rich phase is explained by the theory
reported by Ling and coworkers [37]. The authors
explained that the increase in the 2-propanol solubility
in water and the consequent hydration of the top phase
causes the increase in the “caffeine–water” interactions,
promoting the biomolecule migration for the top phase.
Also, changing the 2-propanol concentration, the RT

was increased from 74.3% (40 wt% of 2-propanol) to
89.9% (60 wt% of 2-propanol).

In order to conclude regards the performance of our
partition systems, the values of RT achieved in this work
needs to be analysed and compared with those found in
literature.[3,5,7]. Despite the fact that the values of RT
increase due to the increase of the volume of the bottom
phase, it is possible to compare our results with some of
the recovery results found in the literature. In fact, and in
our case using just step of purification described by the
application of an ATPS, it was proved that the best RT
found by us is similar to the highly efficient separation
process constituted by a column-chromatographic extrac-
tion, followed by a sequential adsorption to separate the
caffeine from green tea. In this case, not only the chro-
matographic technique used is much more sensitive but
also the process is much more complex. In this case, the
authors reported a recovery of 90%, but using a fourfold
excess of water circulating five times among different
columns (R = 90%).[7] Other authors investigating the
extraction of caffeine from C. sinensis leaves and C. ara-
bica beans and its purification employed a liquid–liquid
extraction followed by a step of chromatography.[44] In
this work, and despite the absence of numerical results,
the authors attest the complete purification of caffeine.
Another work reporting the partitioning of caffeine was
reported by Coutinho and collaborators,[45] using ATPS
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based in ILs and polymers, the partition coefficient results
reported being similar to those obtained in this work. In
this sense, and considering the similar results found in
both works, this study seems to develop a more advanta-
geous process because it is not only equally efficient but it
is of lower economic impact (alcohols are cheaper than
polymers and ILs, principally in Brazil) and more envir-
onmental friendly (ILs are not easily distillable[46] and
polymers are not easily recycled).

Finally, in order tomaximize the partition of caffeine for
the top phase, the effect of temperature from 278 to 303
(±1) K was evaluated and the experimental results depicted
in Fig. 2C (detailed in supplementary Table S6). The
selected system was based on the best conditions found to
maximize the caffeinemigration to the topphase, namely 2-
propanol at 60 wt% and K3PO4 at 20 wt%. From the results
presented in Fig. 2C, it can be seen that the Kcaf of caffeine
increases with temperature, with a maximum of 3.42
obtained at 303 ± 1 K. This behaviour is justified by the
increase in the solubility of caffeine into the top phase,
promoted by entropic factors. Meanwhile, the RT is not
significantly affected by the temperature effect changing
only from 87.8% to 88.9%. Beyond the study of the tem-
perature effect in the caffeine migration, in this work, the
thermodynamic parameters of the partition process were
also evaluated.

For a better understanding of the molecular
mechanisms responsible for the caffeine partition
between the coexisting phases, the thermodynamic
parameters of transfer, namely the standard molar
Gibbs energy (ΔtrG°m), enthalpy (ΔtrH°m) and entropy
(ΔtrS°m), were calculated through Eqs. (4)–(6). The plot
of ln Kcaf versus 1/T is shown in the supplementary
Figure S2. It is possible to conclude that the caffeine
migration for the alcohol-rich phase using these specific
ATPS is a spontaneous process (ΔtrG°m = −2.55 kJ⋅
mol–1). Moreover, the ΔtrH°m is negative, suggesting
that the transference of caffeine from the salt to the
alcohol-rich phase is an exothermic process (ΔtrH°m =
−5.35 kJ⋅mol–1). Furthermore, comparing the absolute
values of TΔtrS°m (ΔtrS°m = −9.40 J⋅mol–1⋅K–1) and
ΔtrH°m, it can be seen that the enthalpy of transfer is
the highest, meaning that the enthalpic effects have a
crucial role in the caffeine migration process for the
specific ATPS studied in this section. Finally, through
the analysis of the thermodynamic parameters, particu-
larly the ΔtrG°m, the spontaneity of the caffeine migra-
tion to the alcohol-rich phase is verified simply by
manipulation of the system conditions, therefore making
unnecessary to consider any additional components to
assist the controlled extraction of caffeine, such as the
commonly used electrolytes.

Figure 2. Experimental results for the dependency of Kcaf (grey bars) and RT % (□) with the change of the weight fraction
compositions of the ATPS components: (A) 60.0 wt% of 2-propanol + 10.0–20.0 wt% of K3PO4; (B) 40.0–60.0 wt% of 2-propanol
+ 20.0 wt% of K3PO4 at 298 ± 1 K, and the temperature (± 1 K); (C) 60.0 wt% of 2-propanol + 20.0 wt% of K3PO4.
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Caffeine partitioning to the salt-rich phase

Since one of the main objectives of this work is to
assess the possibility of manipulating the partition of
caffeine between the alcohol- and salt-rich phases, the
preferential partition of caffeine for the salt-rich phase
was also investigated. In this sense, the concentration of
caffeine in the salt-rich phase was studied using ATPS
comprised of a phosphate buffer solution (K2HPO4/
KH2PO4) and methanol. This ternary system (50.0
wt% of methanol + 15.0 wt% of K2HPO4/KH2PO4)
was considered due to its low partition coefficient,
Kcaf = 0.30, which represents the higher concentration
of caffeine in the bottom phase.

To promote and optimize the migration of caffeine
into the bottom phase, different concentrations of
K2HPO4/KH2PO4 (10.0–17.5 wt%) were studied at
298 ± 1 K, the results being shown in Fig. 3A (see
supplementary Table S7). The results imply that the
use of different phosphate buffer mass fraction percen-
tages have a proven effect on the caffeine partition.
However, the influence of these particular concentra-
tions was not sufficient to significantly decrease the
partition coefficient obtained in the original partition
system. It seems that the partition of caffeine for the
bottom phase is favoured by higher concentrations of
the inorganic salt (15.0 or 17.5 wt%). These systems are

also represented by lower RT, indicating that the
amount of caffeine is higher in the salt-rich phase.
These results can be explained by the “salting-out”
capacity of the salt used. The potassium phosphate
buffer is formed by a mixture of two inorganic salts,
K2HPO4 and KH2PO4. Because KH2PO4 exhibits a
lower “salting-out” capacity and, consequently, a
weaker interaction with the water molecules when
compared with K3PO4 and K2HPO4, it is not capable
of self-promoting the formation of alcohol-salt ATPS.
The variable “salting-out” capacity[33] of these phos-
phate salts is normally described by the Hofmeister
series.[40] The lower “salting-out” capacity and affinity
with water of the potassium phosphate buffer, which is
associated with the higher affinity of the alcohol-rich
phase and the water, helps to maintain caffeine in the
salt-rich phase.

The effect of diverse methanol concentrations was
also investigated aiming to force the migration of caf-
feine into the bottom phase. Here, the partition process
of caffeine was assessed using systems composed of 17.5
wt% of the K2HPO4/KH2PO4 and distinct methanol
concentrations, from 40.0 to 60.0 wt%, the experimen-
tal results being depicted in Fig. 3B (see supplementary
Table S8), at 298 ± 1 K. The increase in the methanol
concentration provided, as expected, a significant

Figure 3. Experimental results for the dependency of Kcaf (grey bars) and RT % (□) with the change of the weight fraction compositions of the
ATPS components: (A) 50.0 wt% of methanol + 10.0–17.5 wt% of K2HPO4/KH2PO4; (B) 40.0–60.0 wt% of methanol + 17.5 wt% of K2HPO4/
KH2PO4 at 298 ± 1 K, and the temperature (± 1 K); (C) 60.0 wt% of methanol + 17.5 wt% of K2HPO4/KH2PO4.
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decrease of Kcaf and the increase of RB, which means
the preferential migration of caffeine for the bottom
phase, with the best results found for 60.0 wt% of
methanol (Kcaf = 0.20 and RB = 63.7%). As described
above, methanol presents the highest dielectric con-
stant, as a result of its higher affinity with water, and
the smallest capacity to solubilize the caffeine (see sec-
tion “Influence of the ATPS components on the caf-
feine partition”). It is evident that, with the increase in
the methanol concentration, more methanol–water
hydrogen–bond interactions can be established, redu-
cing considerably the solubility of caffeine into the top
layer. This methanol–water affinity is thus the main
driving force controlling the migration of caffeine into
the bottom (salt-rich) phase, justifying both para-
meters, Kcaf and RT. This tendency of decreasing the
caffeine recovery in the top phase by increasing the
amount of alcohol was also found in the literature,[6]

where the extraction yield was decreased with the
increase in the ethanol concentration (50 and 100
wt% of alcohol), from 4.0 to 1.5 wt%, respectively.

The temperature effect in the caffeine partition was
evaluated, once again using the same ternary system
composed of 60.0 wt% of methanol + 17.5 wt% of
K2HPO4/KH2PO4 + 22.5 wt% of H2O. The results
shown in Fig. 3C (see supplementary Table S9) pointed
out that the variation of Kcaf slightly increases with
temperature. This conclusion is also confirmed by the
RB since this parameter decreases with the increase in
temperature of equilibrium, thus indicating the forced
migration of caffeine into the alcohol-rich phase at
higher temperatures. Thus, the best results for the pre-
ferential migration of caffeine to the bottom phase are
achieved at 278 ± 1 K (Kcaf = 0.06 and RT = 81.1%).
Finally, the thermodynamic parameters were also cal-
culated for the migration of caffeine for the bottom
phase (see supplementary Figure S3), the results being
depicted in Fig. 3. One more time, and for these specific
ATPS, the migration of caffeine for the salt-rich phase
is a spontaneous process (ΔtrG°m = −0.64 kJ⋅mol–1),
although to a less extent, when compared with the
results previously discussed (section “Caffeine partition
into the alcohol-rich phase”). This result is in fact in a
close agreement with the partition coefficient results
since the migration of caffeine for the bottom phase is
less extensive when compared with the migration of
caffeine for the top phase. The ΔtrH°m is also negative
in this case (−11.29 kJ⋅mol–1), suggesting that the trans-
ference of caffeine from the alcohol- to the salt-rich
phase is an exothermic process, for these specific ATPS.
When comparing the absolute values of TΔtrS°m (ΔtrS°m
= −35.71 J⋅mol–1K–1) and ΔtrH°m, it seems that the
enthalpy of transfer value is the highest, which means

that the enthalpic effects are in this case of utmost
importance.

From the main results achieved and analysed in this
work, it is concluded that the caffeine partition can be
manipulated for the bottom and top phases, and that
this behaviour is particularly dependent on the alcohol–
salt ATPS used.

Extraction and purification of caffeine from
guaraná seeds and coffee beans

To complement and prove the applicability of the sys-
tems developed in this work in terms of recovery of
caffeine and show that they can be used in the purifica-
tion of natural extracts, solid–liquid extractions were
carried in guaraná seeds and coffee beans. These sys-
tems used aqueous solutions of alcohols as solvents to
extract caffeine from the natural biomass (solid–liquid
extraction) and then those extracts were concentrated
by adding K3PO4 in appropriate amounts capable to
form the ATPS. First, solutions of 2-propanol and
methanol at 60.0 wt% were used to extract caffeine
from the raw matrices. The caffeine content of the
extracted aqueous solutions of 2-propanol and metha-
nol were statistically similar either in guaraná seeds
(189.5 ± 2.5 mg caffeine/g sample and 180.7 ± 1.8 mg
caffeine/g sample, respectively) or in coffee beans
(135.7 ± 9.1 mg caffeine/g sample and 128.6 ± 3.3 mg
caffeine/g sample, respectively). These results agree
with literature,[47,48] in which extractions of caffeine
from guaraná seeds using an aqueous ethanol solution
at 60% (155 mg caffeine/g sample) and from robusta
coffee with pure ethanol (84.1 mg caffeine/g sample)
were tested.

After the solid–liquid extraction, ATPS were pre-
pared by adding the potassium phosphate salts into
the alcohol extracts (20.0 wt% of K3PO4 or 17.5 wt%
of K2HPO4/KH2PO4). Again, the same capacity to
manipulate the caffeine migration is described here, in
the same line previously discussed in the optimization
step of this work. In this case, systems consisting of 2-
propanol and K3PO4 present partition coefficients
higher than the unit (1.77 < Kcaf < 2.31), denoting the
caffeine migration for the alcohol (top)-rich phase
(72.5% < RT < 77.6%) with the highest PF in top
phase (3.24 < PFT < 6.59). For systems composed of
methanol plus the K2HPO4/KH2PO4, the partition
coefficients are denoting the migration of the biomole-
cule for the bottom phase (0.28 < Kcaf < 0.45; 79.1% <
RB < 85.8% and 1.53 < PFB < 2.68) as expected (Table 2;
see supplementary Tables S10 and S11). Despite the
same trend of extraction, the values found for the
partition coefficient were below those for the model
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systems, which is attributed to the complexity of the
hydroalcoholic extract obtained from the comparison
of the two matrices with the model systems.

Regarding the industrial application of the processes
here proposed, the concentration of caffeine in both alco-
hol- and salt-rich phases and the recycling of the phase
components must be addressed. In this work, a simple
integrated process focusing on the partition of caffeine is
proposed and presented. The flow chart reported in Fig. 4
shows how the manipulation of caffeine migration can be
achieved and identifies how to promote the recycling of
both phases. In this sense, if caffeine is concentrated in the
alcohol-rich phase, the phase components will be recycled
by evaporation; if caffeine is concentrated in the salt-rich
phase, the components can be recovered and reused after
the removal of the phenolic compounds by precipitation
at very low pH values.[49]

Conclusions

The possibility of manipulating the caffeine partition by
applying ATPS based in alcohol–potassium phosphate
inorganic salts for both alcohol- and salt-rich phases
was successfully presented and discussed. In this con-
text, an optimization study considering the migration
of caffeine was performed not only by the change in the
alcohol and salt type, but also by the application of
different concentrations of each one of these phase
formers and the temperature considered. It was
shown that the increase on the affinity of both alcohol
and salt for the water molecules is one of the most
important driven forces for the success of the caffeine
partition manipulation. The caffeine migration for the
alcohol (top)-rich phase is thus favoured by the appli-
cation of the system based in 60.0 wt% of 2-propanol
+ 20.0 wt% of K3PO4, at 303 ± 1 K (Kcaf = 3.42 and

Table 2. Experimental results for Kcaf (uncertainty associated < 5.0%) and R % (uncertainty associated < 5.0 %) for the systems
optimized and respective data obtained for the recovery of caffeine from the coffee beans and guaraná seeds.

Optimized system Guaraná seeds Coffee beans

ATPS Kcaf R (%) Kcaf R (%) PF (fold) Kcaf R (%) PF (fold)

60.0 wt% of 2-propanol+ 20.0 wt% of K3PO4 at 303 ± 1 K (top phase) 3.42 89.1 2.31 77.6 6.59 1.76 72.5 3.24
60.0 wt% of methanol+ 17.5 wt% of K2HPO4/KH2PO4 at 278 ± 1 K (bottom phase) 0.06 81.1 0.45 79.1 1.53 0.28 85.8 2.68

NATURAL BIOMASS
Guaraná seeds and 

coffee beans

SOLID-LIQUID EXTRACTION OF
CAFFEINE FROM GUARANÁ SEEDS AND
COFFEE BEANS

FRACTIONATION OF 
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Figure 4. Flow chart of the integrated process in the two processes under study, the purification of caffeine and the decaffeination of
alcoholic extracts. The caffeine here represented has its origin in two distinct food residues, namely Guaraná seeds and coffee beans.
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RT = 89.1%), while the caffeine partition for the salt
(bottom)-rich phase is favoured by the application of
the system 60.0 wt% of methanol + 17.5 wt% of
K2HPO4/KH2PO4, at 278 ± 1 K (Kcaf = 0.06 and RB =
81.1%). After optimization, the recovery of caffeine was
performed considering two distinct samples, guaraná
seeds and coffee beans, which confirmed the main
trends discussed in the optimization study. Using the
system based in methanol and K2HPO4/KH2PO4, the
PFB were 1.53 (guaraná seeds) and 2.68 (coffee beans);
whereas using the 2-propanol and K2HPO4/KH2PO4-
based ATPS, the PFT were 6.59-fold (guaraná seeds)
and 3.24-fold (coffee beans). Taking into account the
results obtained, it is possible to envisage the potential
application of these alcoholic ATPS to perform the
purification and recovery of caffeine from natural
sources or even raw materials.

Funding

The authors are grateful for the financial support from
FAPITEC, for the scholarship of I.A.O. Reis and S.B.
Santos, and CAPES for the scholarship of S.B. Santos. This
work was developed within the scope of the project CICECO-
Aveiro Institute of Materials (Ref. FCT UID/CTM/50011/
2013), financed by national funds through the FCT/MEC
and when applicable co-financed by FEDER under the
PT2020 Partnership Agreement. The authors also thank
Fundação para a Ciência e a Tecnologia (FCT) for the post-
doctoral grant SFRH/BPD/79263/2011 of S.P.M. Ventura.

References

[1] Perva-Uzunalic, A.; Škerget, M.; Kneza, Ž.; Weinreich,
B.; Otto, F.; Grüner, S. (2006) Extraction of active
ingredients from green tea (Camellia sinensis):
Extraction efficiency of major catechins and caffeine.
Food Chemistry, 96: 597.

[2] Heard, C.M.; Johnson, S.; Moss, G.; Thomas, C.P.
(2006) In vitro transdermal delivery of caffeine, theo-
bromine, theophylline and catechin from extract of
guaraná Paullinia cupana. International Journal of
Pharmaceutics, 317: 26.

[3] Tello, J.; Viguera, M.; Calvo, L. (2011) Extraction of
caffeine from Robusta coffee (Coffea canephora var.
Robusta) husks using supercritical carbon dioxide.
Journal of Supercritical Fluids, 59: 53.

[4] Senol, A.; Aydin, A. (2006) Solid-liquid extraction of caf-
feine from tea waste using battery type extractor: Process
optimisation. Journal of Food Engineering, 76: 565.

[5] Park, H.S.; Im, N.G.; Kim, K.H. (2012) Extraction
behaviours of caffeine and chlorophylls in supercritical
decaffeination of green tea leaves. LWT Food Science
and Technology, 45: 73.

[6] Jun, X. (2009) Caffeine extraction from green tea leaves
assisted by high pressure processing. Journal of Food
Engineering, 94: 105.

[7] Wang, L.; Gong, L.H.; Chen, C.J.; Han, H.B.; Li, H.H.
(2012) Column-chromatographic extraction and
separation of polyphenols, caffeine and theanine from
green tea. Food Chemistry, 131: 1539.

[8] Lou, Z.; Er, C.; Li, J.; Wang, H.; Zhu, S.; Sun, J. (2012)
Removal of caffeine from green tea by microwave-
enhanced vacuum ice water extraction. Analytica
Chimica Acta, 716: 49.

[9] Cláudio, A.F.M.; Ferreira, A.M.; Freire, M.G.;
Coutinho, J.A.P. (2013) Enhanced extraction of caf-
feine from guaraná seeds using aqueous solutions of
ionic liquids. Green Chemistry, 15: 2002.

[10] Albertsson, P.A.; Johansson, G.; Tjerneld, F. (1990)
Aqueous two-phase separations. In Separation
Processes in Biotechnology. A. Asenjo (Ed.), Marcell
Dekker: New York, USA.

[11] Mazzola, P.G.; Lopes, A.M.; Hasmann, F.A.; Jozala, A.F.;
Penna, T.C.V.; Magalhães, P.O.; Rangel-Yagui, C.O.;
Pessoa Jr, A. (2008) Liquid–liquid extraction of biomole-
cules: an overview and update of the main techniques.
Journal of Chemical Technology and Biotechnology, 83: 143.

[12] Chen, B.; Han, J.; Wang, Y.; Sheng, C.; Liu, H.; Zhang,
G.; Yan, Y. (2014) Separation, enrichment and deter-
mination of ciprofloxacin using thermoseparating
polymer aqueous two-phase system combined with
high performance liquid chromatography in milk,
egg, and shrimp samples. Food Chemistry, 148: 105.

[13] Gutowski, K.E.; Broker, G.A.; Willauer, H.D.;
Huddleston, J.G.; Swatloski, R.P.; Holbrey, J.D.;
Rogers, R.D. (2003) Controlling the aqueous miscibility
of ionic liquids: Aqueous biphasic systems of water-
miscible ionic liquids and water-structuring salts for
recycle metathesis and separations. Journal of the
American Chemical Society, 125: 6632.

[14] Ventura, S.P.M.; Barros, R.L.F.; Barbosa, J.M.P.; Soares,
C.M.F.; Lima, A.S.; Coutinho, J.A.P. (2012) Production
and purification of an extracellular lipolytic enzyme
using ionic liquid-based aqueous two-phase system.
Green Chemistry, 14: 734.

[15] Desai,R.K.; Streefland, M.; Wijffels, R.H.; Eppink, M.H.
M. (2014) Extraction and stability of selected proteins
in ionic liquid based aqueous two phase systems. Green
Chemistry, 16: 2670.

[16] Zafarani-Moattar, M.T.; Banisaeid, S.; Beirami, M.A.S.
(2005) Phase diagrams of some aliphatic alcohols +
potassium or sodium citrate + water at 25ºC. Journal
of Chemical and Engineering Data, 50: 1409.

[17] Wang, Y.; Liu, Y.; Han, J.; Hu, S. (2011) Application of
water-miscible alcohol-based aqueous two-phase sys-
tems for extraction of dyes. Separation Science and
Technology, 46: 1283.

[18] Tan, Z.J.; Li, F.F.; Xu, X.L. (2013) Extraction and pur-
ification of anthraquinones derivatives from Aloe vera
L. using alcohol/salt aqueous two-phase system.
Bioprocess and Biosystems Engineering, 36: 1105.

[19] Souza, R.L.; Lima, R.A.; Coutinho, J.A.P.; Soares, C.M.
F.; Lima, A.S. (2015) Novel aqueous two-phase systems
based on tetrahydrofuran and potassium phosphate
buffer for purification of lipase. Process Biochemistry,
50: 1459.

[20] Souza, R.L.; Lima, R.A.; Coutinho, J.A.P.; Soares, C.M.
F.; Lima, A.S. (2015) Aqueous two-phase systems based

SEPARATION SCIENCE AND TECHNOLOGY 2017



on cholinium salts and tetrahydrofuran and their use
for lipase purification. Separation and Purification
Technology, 155: 118.

[21] Cardoso, G.B.; Souza, I.N.; Freire, M.G.; Soares, C.M.
F.; Lima, A.S. (2014) Novel aqueous two-phase systems
composed of acetonitrile and polyols: Phase diagrams
and extractive performance. Separation and
Purification Technology, 124: 54.

[22] Freire, M.G.; Neves, C.M.S.S.; Marrucho, I.M.; Lopes, J.
N.C.; Rebelo, L.P.N.; Coutinho, J.A.P. (2010) High-
performance extraction of alkaloids using aqueous
two-phase systems with ionic liquids. Green
Chemistry, 12: 1715.

[23] Rito-Palomares, M.; Negrete, A.; Galindo, E.; Serrano-
Carreon, L. (2000) Aroma compounds recovery from
mycelial cultures in aqueous two-phase processes.
Journal of Chromatography B, 743: 403.

[24] Reis, I.A.O.; Santos, S.B.; Santos, L.A.; Oliveira, N.;
Freire, M.G.; Pereira, J.F.B.; Ventura, S.P.M.;
Coutinho, J.A.P.; Soares, C.M.F.; Lima, A.S. (2012)
Increased significance of food wastes: selective recovery
of added-value compounds. Food Chemistry, 135: 2453.

[25] Cardoso, G.B.; Souza, I.N.; Pereira, M.M.; Costa, L.P.;
Freire, M.G.; Soares, C.M.F.; Lima, A.S. (2015) Poly
(vinyl alcohol) as a novel constituent to form aqueous
two-phase systems with acetonitrile: Phase diagrams
and partitioning experiments. Chemical Engineering
Research and Design, 94: 317.

[26] Wang, Y.; Han, J.; Xu, X.; Hu, S.; Yan, Y. (2010)
Partition behavior and partition mechanism of antibio-
tics in ethanol/2-propanol–ammonium sulfate aqueous
two-phase systems. Separation and Purification
Technology, 75: 352.

[27] Pereira, J.F.B.; Santos, V.C.; Johansson, H.O.; Teixeira,
J.A.C.; Pessoa Jr., A. (2012) A stable liquid–liquid
extraction system for clavulanic acid using polymer-
based aqueous two-phase systems. Separation and
Purification Technology, 98: 441.

[28] Li, Y.; Han, J.; Yan, Y.; Chen, B.; Zhang, G.; Liu, Y.;
Sheng, C. (2013) Simultaneous extraction and determi-
nation of sulfadiazine and sulfamethoxazole in water
samples and aquaculture products using [Bmim]BF4/
(NH4)3C6H5O7 aqueous two-phase system coupled
with HPLC. Journal of the Iranian Chemical Society,
10: 339.

[29] Pang, J.; Han, C.; Chao, Y.; Jing, L.; Ji, H.; Zhu, W.;
Chang, Y.; Li, H. (2015) Partitioning behavior of tetra-
cycline in hydrophilic ionic liquids two-phase systems.
Separation Science and Technology, 50: 1993.

[30] Gong, A.; Zhu, X. (2014) Surfactant/ionic liquid aqu-
eous two-phase system extraction coupled with spec-
trofluorimetry for the determination of dutasteride in
pharmaceutical formulation and biological samples.
Fluid Phase Equilibria, 374: 70.

[31] Souza, R.L.; Ventura, S.P.M.; Soares, C.M.F.; Coutinho,
J.A.P.; Lima, A.S. (2014) Effect of ionic liquids as
adjuvants on PEG-based ABS formation and the
extraction of two probe dyes. Fluid Phase Equilibria,
375: 30.

[32] Souza, R.L.; Ventura, S.P.M.; Coutinho, J.A.P.; Soares,
C.M.F.; Lima, A.S. (2015) Lipase purification using

ionic liquids as adjuvants in aqueous two-phase sys-
tems. Green Chemistry, 17: 3026.

[33] Ventura, S.P.M.; Sousa, S.G.; Freire, M.G.; Serafim, L.S.;
Lima, A.S.; Coutinho, J.A.P. (2011) Design of ionic liquids
for lipase purification. Journal of Chromatography B,
879: 2679.

[34] Azevedo, A.M.; Gomes, A.G.; Rosa, P.A.J.; Ferreira I.F.;
Pisco, A.M.M.O.; Aires-Barros, M.R. (2009)
Partitioning of human antibodies in polyethylene gly-
col-sodium citrate aqueous two-phase systems.
Separation and Purification Technology, 65: 14.

[35] Azevedo, A.M.; Rosam P.A.J.; Ferreira, I.F.; Pisco, A.M.
M.O.; Vries, J.; Korporaal, R.; Visser, T.J.; Aires-Barros,
M.R. (2009) Affinity-enhanced purification of human
antibodies by aqueous two-phase extraction. Separation
and Purification Technology, 65: 31.

[36] Nagasawa, Y.; Nagasawa, Y.; Nagafugi, A.; Okada, T.;
Miyasaka, H. (2005) The microscopy viscosity of
water-alcohol binary solvents studied by ultrafast spec-
troscopy utilising diffusive phenyl ring rotation of
malachite green as a probe. Journal of Molecular
Structure, 735–736:217.

[37] Ooi, C.W.; Tey, B.T.; Hii, S.L.; Kamal, S.M.M.; Lan, J.C.
W.; Ariff, A.; Ling, T.C. (2009) Purification of lipase
derived from Burkholderia pseudomallei with alcohol/
salt-based aqueous two-phase systems. Process
Biochemistry., 44: 1083.

[38] Chandrasekhar, J.; Sonika, G.; Madhusudhan, M.C.;
Raghavarao, K.S.M.S. (2015) Differential partitioning
of betacyanins and betaxanthins employing aqueous
two phase extraction. Journal of Food Engineering,
144: 156.

[39] Swain, T.; Hillis, W.T. (1959) The phenolic constitu-
ents of Prunnus domestica. Journal of the Science of
Food and Agriculture, 10: 135.

[40] Hofmeister, F. (1888) Zur Lehre von der Wirkung der
Salze. Archiv fur Experimentalle Pathologie und
Pharmakologie, 24: 247.

[41] He, C.; Li, S.; Liu, H.; Li, K.; Liu, F. (2005) Extraction of
testosterone and epitestosterone in human urine using
aqueous two-phase systems of ionic liquid and salt.
Journal of Chromatography A, 1082: 143.

[42] Mohsen-Nia, M.; Amiri, H.; Jazi, B. (2010) Dielectric
constants of water, methanol, ethanol, butanol and
acetone: Measurement and computational study.
Journal of Solution Chemistry, 39: 701.

[43] Vyas, A.D.; Rana, V.A.; Bhatnagar, S.P.; Vashisth, V.M.
(2008) Dieletric dispersion and relaxation of mixtures
of 1-propanol and phenol at microwave frequencies.
Indian Journal of Pure and Applied Physics, 46: 521.

[44] Mohammed, M.J.; Al-Bayati, F.A. (2009) Isolation, iden-
tification and purification of caffeine from Coffea arabica
L. and Camellia sinensis L.: A combination antibacterial
study. International Journal of Green Pharmacy, 3: 52.

[45] Pereira, J.F.B.; Ventura, S.P.M.; Silva, F.A.; Shahriari,
S.; Freire, M.G.; Coutinho, J.A.P. (2013). Aqueous
biphasic systems composed of ionic liquids and poly-
mers: A platform for the purification of biomolecules.
Separation and Purification Technology 113: 83.

[46] Earle, M.J.; Esperança, J.M.S.S.; Gilea, M.A.; Lopes, J.N.
C.; Rebelo, L.P.N.; Magee, J.W.; Seddon, K.R.;

2018 S. B. SANTOS ET AL.



Widegren, J.A. (2006) The distillation and volatility of
ionic liquids. Nature, 439: 831.

[47] Majhenic, L.; Skerget, M.; Knez, Z. (2007) Antioxidant
and antimicrobial activity of guaraná seed extracts.
Food Chemistry, 104: 1258.

[48] Budryn, G.; Nebesny, E.; Podsedek, A.; Zyzelewicz, D.;
Materska, M.; Jankowski, S.; Janda, B. (2009) Effect of
dierent extraction methods on the recovery of

chlorogenic acids, caffeine and Maillard reaction pro-
ducts in coffee beans. European Food Research and
Technology, 228: 913.

[49] Li, X.; Huang, J.; Wang, Z.; Jiang, X.; Yu, W.; Zheng,
Y.; Li, Q.; He, N. (2014) Alkaline extraction and acid
precipitation of phenolic compounds from longan
(Dimocarpus longan L.) seeds. Separation and
Purification Technology, 124: 201.

SEPARATION SCIENCE AND TECHNOLOGY 2019


	Abstract
	Introduction
	Materials and methods
	Materials
	Caffeine partition in model systems
	Recovery and purification of caffeine from guaraná seeds and coffee beans

	Results and discussion
	Influence of the ATPS components on the caffeine partition
	Caffeine partition into the alcohol-rich phase
	Caffeine partitioning to the salt-rich phase
	Extraction and purification of caffeine from guaraná seeds and coffee beans

	Conclusions
	Funding
	References

