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A B S T R A C T

The miscibility of caffeine and cellulose acetate butyrate (CAB) was investigated as a function of caffeine (caf)
content and correlated with in vitro drug release studies. Films of CAB/caf with caffeine contents larger than 5 wt
% presented partial miscibility, as revealed by scanning electron microscopy, turbidity measurements and
thermogravimetric analyses. CAB/caf with 2.5 wt% or less were homogeneous films. Favorable interactions
between CAB and caffeine was evidenced by the decrease of the glass transition temperature of CAB in 28 °C and
by Fourier transform infrared vibrational spectra of the films, which displayed shifts to higher wavenumbers of
caffeine bands assigned to the stretching of conjugated C=O(6) and isolated C=O(2) carbonyl groups of
16 cm−1 and 9 cm−1, respectively. No drug was released from completely miscible systems, regardless of the
external medium. Partially miscible CAB/caf systems showed a two-step release process: in the first 6 h the
segregated portion of caffeine dissolved in the medium and a second one, when the release of drug located in the
internal polymer matrix took place. After 48 h, at pH 7.4, the release of caffeine from CAB/caf 7 wt% was
complete.

1. Introduction

The esterification of cellulose enables a range of properties that are
impossible for raw cellulose; one of them is the possibility of extrusion,
injection, and dissolution in common organic solvents. Such properties
make cellulose esters useful for the development of coatings, paint, and
sensors [1]. Cellulose acetate butyrate (CAB) has been an important
component for coating formulations because it reduces dry time, im-
proves flow and leveling, and controls viscosity [1]. CAB biocompat-
ibility allows its application as drug release system [2–6] and as effi-
cient support for enzymes [7] and lectins [8].

Caffeine or 1,3,7-trimethylxanthine is an alkaloid belonging to the
purine family, which exerts various stimulating effects on the central
nervous system and can act as immunomodulatory [9]. There is sig-
nificant interest for caffeine carriers that allow its sustained release,
because caffeine absorption is very rapid and reaches 99% absorption
after 45 min ingestion [10]. Among many reported carriers, poly-
saccharides have been often used to encapsulate caffeine due to their
ability to swell, biocompatibility and nontoxicity [11–16]. Cellulose
and cellulose esters also present such advantageous properties and

allow designing different architectures, such as macroporous beads
[17] and core-shell nanofibers [18]. Microfibrillated cellulose coated
paper served as an interesting carrier for caffeine, which was com-
pletely released after 10 h [19]. CAB combined with Eudragit®, a hy-
drophilic acrylate based copolymer, and triacetate citrate, a plasticizer,
resulted in mechanically stable membrane to coat osmotic tablets for
caffeine release [6]. Cellulose esters have been used as coating for os-
motic tablets; the tablet is coated with a semi-permeable membrane
(cellulose ester) and a laser drills holes in it. Upon contacting gastro-
intestinal fluids, the membrane swells by osmosis, dissolving the drug
and pushing it towards the gastrointestinal tract [20].

Despite the interesting reports available in the literature, a sys-
tematic study about the miscibility of caffeine and CAB and its influence
on the sustained release of caffeine is still missing. In this study, the
miscibility of caffeine and CAB was systematically investigated as na-
nometric spin-coated and micrometric cast CAB/caffeine films with
different caffeine contents by means of morphological and structural
analyses, turbidity and differential scanning calorimetry (DSC). DSC
gives information about the glass transition temperature (Tg) of
polymer chains; in the presence of second component, the mobility of
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polymer chains might increase due to favorable interactions, decreasing
the Tg value. Therefore, if CAB and caffeine are miscible, the Tg value of
CAB is expected to decrease. The in vitro release behavior of caffeine
from CAB/caffeine films under different pH and ionic strength was in-
vestigated and correlated with the miscibility of caffeine and CAB.

2. Material and methods

2.1. Materials

Cellulose acetate butyrate (CAB, Eastman, DSAc = 0.2, DSBut = 2.5,
Mv ~ 30,000 g mol−1, USA), caffeine (caf, Sigma W222402,
194.19 g mol−1, purity 99.9%) toluene (LabSynth, Brazil), ethyl acetate
(EA, LabSynth, Brazil) and acetone (Ace, LabSynth, Brazil) were used as
received. The chemical structures of CAB and caf are represented in
Fig. 1.

2.2. Preparation of thin films by spin-coating and characterization

CAB was dissolved in ethyl acetate (EA) at 10 g L−1, 20 g L−1 and
40 g L−1. CAB solution was mixed with caffeine (caf) dissolved in
acetone at 10 g L−1, at the volume ratio 1:1, so that the final con-
centrations were reduced to one-half their original values. The samples
were coded as CAB5/caf, CAB10/caf, CAB20/caf. The initial con-
centration of caffeine was chosen at 10 g L−1 to ensure complete dis-
solution.

Thin films were prepared by spin-coating on Si/SiO2 wafers and
glass slides, with a Headway PWM32-PS-R790 spinner operating at
3000 rpm for 30 s, at (24 ± 1) oC and (75 ± 5)% of relative humidity.
The thickness of the films was determined by ellipsometry in a vertical
computer-controlled DRE-EL02 ellipsometer; the angle of incidence was
set at 70.0° and the wavelength of the He–Ne laser was 632.8 nm [7,8].
The morphology of spin-coated films on Si/SiO2 wafers was analyzed by
scanning electron microscopy (SEM) in a SEM-FEG JEOL JSM7401F
microscope; the surfaces were coated with a 2 nm thick gold layer prior
to the analyses. Spin-coated films glass slides were characterized by
confocal fluorescence microscopy (CFM) in a Zeiss LSM 510 equipment,
the λexcitation and λemission for caffeine were 559 nm and 637 nm, re-
spectively.

2.3. Preparation of micrometric films by casting and characterization

Micrometric films were prepared by casting CAB/caf solution on
Petri dishes and heating at 60 °C until complete solvent evaporation.
The thickness of the films was measured with a Mitutoyo Thickness
Gage (Type ID-C1012XBS; Mitutoyo Manufacturing Co. Ltd, Kawasaki,
Japan), being measured at three randomly chosen different positions of
at least two films of same composition. Solutions of CAB in EA
(20 g L−1) were mixed with caffeine solution in acetone at different
concentrations, so that after drying the caffeine contents, φcaf, in the

films were 0.1, 2.5, 5, 7, 10, 14.9 and 20 wt%, see Supplementary
Material SM1 for details.

The light transmitted through the films with thickness ranging from
100 μm to 150 μm was measured at 600 nm (at this wavelength there is
no light absorbance), in a Beckmann-Coulter DU650 spectro-
photometer. The morphology of films was evaluated by SEM in a SEM-
FEG JEOL JSM7401F microscope. The images were taken from the top
side and from internal region (cryofracture) of the films. The surfaces
were coated with a 2 nm thick gold layer prior to the analyses. Films
were analyzed by Fourier transform infrared vibrational spectroscopy
in the attenuated total reflectance mode in an Alpha FTIR-ATR, Bruker
equipment, with a diamond crystal, accumulating 64 scans at 2 cm−1 of
resolution. Differential scanning calorimetry (DSC) analyses were per-
formed in a Q10 TA Instruments equipment, at 20 °C min−1 heating
rate from 20 to 150 °C. The glass transition temperature (Tg) was de-
termined from the second heating run. Thermogravimetric analyses
(TGA) were performed with a Mettler Toledo TGA system, using tem-
perature program from 30 °C to 950 °C at a heating rate of 5 °C/min
under nitrogen atmosphere.

Density Functional Theory (DFT) calculations were performed using
software Gaussian 09 [21] with the B3LYP functional and the 6-
31 + G(d,p) as basis set.

2.4. In vitro release of caffeine from micrometric CAB/caf films

The release of caffeine from CAB/caf 2.5 wt%, 5 wt% and 7 wt%
was investigated by immersing them (typically 10–15 mg film) in
7.0 mL of MilliQ water (pH 5.5), NaCl 0.010 mol L−1 (pH 5.5), NaCl
0.10 mol L−1 (pH 5.5), phosphate saline buffer (PBS, pH 7.4), HCl
0.010 mol L−1 (pH 2) or NaOH 1.0 × 10−5 mol L−1 (pH 9). An aliquot
of 1.0 mL was withdrawn from the supernatant at pre-determined time
intervals up to 48 h. After each sampling, the same volume of solvent
was added to the medium to keep the solution volume constant. The
release of caffeine to the medium was monitored by measuring the
absorbance of withdrawn supernatants by UV spectrophotometry at
272 nm and (24 ± 1) oC. The calibration curve of caffeine taken at
272 nm was provided as Supplementary Material SM2.

3. Results and discussion

Caffeine is soluble in solvents with high dielectric constant. Upon
drying, the caffeine molecules tend to crystalize. Fig. 2a and b shows
SEM images of needle-shaped crystals of caffeine grown on Si/SiO2

wafers by evaporation from acetone. Fig. 2c and d shows the optical
microscopy and the corresponding CFM image of caffeine crystals on
glass slides. The needle-shaped caffeine crystals were also observed
after evaporation of nitromethane, dimethyl sulfoxide [22] and di-
chloromethane [23]. The crystallization process is driven by self-as-
sembling of caffeine molecules through π-stacking interactions [24]
and hollow tubular structures result from a diffusion limited crystal

Fig. 1. Schematic representation of chemical structures of (a) CAB repeating units and (b) caffeine.
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growth [22]. In the CFM image (Fig. 2d) it is evident that part of caf-
feine molecules are arranged as long needles and part of them formed
small aggregates.

3.1. CAB/caf spin-coated films

The effect of polymer concentration on the morphology of CAB5/
caf, CAB10/caf, CAB20/caf spin-coated films is presented in the SEM
images in Fig. 3a, b and 3c. The thickness of spin-coated films ranged
from ~40 nm to ~80 nm, as determined by ellipsometry. The solvents
used to prepare CAB and caffeine solutions were EA and acetone, re-
spectively. Regardless of the CAB concentration, the caffeine needles
appeared buried in the polymer or appeared as short needles scarcely
distributed on the surface, as indicated by the arrows in Fig. 3a. The
CFM images obtained for CAB5/caf films deposited on glass slides
(Fig. 3d) corroborated with the SEM images; the caffeine structures

appeared in the CFM image as short needles. These morphological
features evidenced affinity between caffeine and CAB. For comparison,
pure CAB spin-coated film showed no fluorescence, it appears com-
pletely dark in Fig. 3e. Pure CAB (Fig. 3f) and CAB20/caf (Fig. 3c) films
presented “breath-figure” structures on the surface. “Breath figures” are
cavities resulting from the condensation of the droplets of water on
polymer solution during solvent evaporation and film formation
[25,26].

3.2. CAB/caf cast films

Films of pure CAB are transparent. However, as the caffeine content
(ϕcaf) increased in the CAB/caf films, the transmittance of light through
the films decreased exponentially and turned opaque, as shown in
Fig. 4. Particularly, for ϕcaf higher than 5 wt%, the turbidity presented
by the films indicated phase separation between CAB and caffeine.
Noteworthy, all films presented similar mean thickness values, which
ranged from 100 μm to 150 μm. Fig. 5 shows SEM images taken from
the top side and from the internal region (cryofracture) of pure CAB,
CAB/caf 2.5 wt%, CAB/caf 5 wt% and CAB/caf 7 wt% films. Pure CAB

Fig. 2. (a) and (b) SEM images of needle-shaped crystals of caffeine grown on
Si/SiO2 wafers by evaporation from acetone.(c) Optical microscopy and the
corresponding and (d) CFM image of caffeine crystals on glass slides, after
acetone evaporation. The concentration of caffeine in acetone was 2.0 g L−1.

Fig. 3. SEM images of (a) CAB5/caf, (b) CAB10/caf, (c) CAB20/caf spin-coated films on Si/SiO2 wafers. CFM images of (d) CAB5/caf films and (e) pure CAB films
deposited from solution at 10 g L−1 in EA, on glass slides. (f) SEM image of pure CAB spin-coated film from solution at 10 g L−1 in EA, on Si/SiO2 wafers.

Fig. 4. Photographs and transmittance of light at 600 nm through the CAB/caf
films as a function of caffeine content (ϕcaf). The red line corresponds to the
exponential fit y = 0.75 exp(-x/7.4)+0.036, R2 = 0.9530. The experimental
data are mean values of duplicates, with standard deviations below 5%. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)
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films (Fig. 5a and b) presented the typical breath figures [25]. CAB/caf
2.5 wt% films (Fig. 5c and d) showed no caffeine crystals films and the
breath figures were less frequent, indicating miscibility among CAB and
caffeine and explaining the high transmittance (Fig. 4). However, CAB/
caf 5 wt% (Fig. 5e and f) and CAB/caf 7 wt% (Fig. 5g and h) films
presented caffeine crystals buried in the matrix and exposed to the air,
indicating phase separation. The exposed caffeine crystals probably
scattered the light more efficiently, explaining the transmittance de-
crease (Fig. 4).

The glass transition temperature (Tg) values determined for pure
CAB and CAB/caf films as a function of caffeine content (ϕcaf) are
presented in Table 1. Caffeine itself has no Tg, but it presents melting
point at 235 °C [27]. The Tg value determined for pure CAB
(107 ± 1 °C) is in agreement with literature data [28]. The Tg values of
CAB/caf films decreased linearly with ϕcaf, so that the addition of each

1 wt% caffeine to CAB reduced its Tg in 3.8 °C, indicating favorable
interactions between caffeine and CAB (Supplementary Material SM3).
The Tg of alginate based microcapsules decreased from 74 °C to 71 °C

Fig. 5. SEM images of (a,b) pure CAB, (c,d) CAB/caf 2.5 wt%, (e,f) CAB/caf
5 wt% and (f,h) CAB/caf 7 wt% films.

Table 1
Glass transition temperature (Tg), initial decomposition temperature (T5%),
degradation temperature (Tdeg) and char residue at 500 °C determined for pure
CAB and CAB/caf 2.5 wt%, CAB/caf 5 wt% and CAB/caf 7 wt% films.

Sample Tg (oC) T5% Tdeg (oC) Char (%)

CAB 107 ± 1 315 368 ± 1 5.9
CAB/caf 2.5 wt% 96 ± 1 293 376 ± 2 6.1
CAB/caf 5 wt% 88 ± 1 238 210 ± 1

377 ± 1
7.5

CAB/caf 7 wt% 79 ± 1 244 251 ± 1
375 ± 2

6.7

Fig. 6. FTIR-ATR determined for (a) pure caffeine as powder, pure CAB, CAB/
caf 2.5 wt%, CAB/caf 5 wt% and CAB/caf 7 wt% films micrometric films, (b)
pure caffeine as powder and caffeine dissolved in chloroform at 2.0 g L−1.

Fig. 7. Optimized geometries from DFT calculations of (a) caffeine, (b) CAB
monomer and (c) caffeine and CAB interaction, where caffeine molecule ap-
proaches to CAB monomer by hydrogen bonding between CAB hydroxyl group
and caffeine C]O(2). The interaction energy value was obtained from the
difference of the energy of the isolated species.
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due to the intermolecular hydrogen bonding with caffeine molecules
[14]. Hydrogen bonds among caffeine molecules and poly(vinyl al-
cohol) also promoted the reduction of PVA Tg from 85 °C to 45 °C [27].

Supplementary Material SM4 provides the thermogravimetric
curves and the corresponding derivative curves of CAB, CAB/caf 2.5 wt
%, CAB/caf 5 wt% and CAB/caf 7 wt% films. Table 1 shows the tem-
peratures corresponding to the initial decomposition temperature
(T5%), thermal degradation (Tdeg) and char residue values at 500 °C.
The initial decomposition temperature (T5%) of pure CAB was noted at
315 °C and rest of the films exhibit (T5%) at 293 °C, 238 °C and 244 °C
for CAB/caf 2.5 wt%, CAB/caf 5 wt% and CAB/caf 7 wt% respectively.
The above results indicated that presence of caffeine content (ϕcaf)
decreases the thermal stability of CAB. The CAB/caf 2.5 wt% films
presented only one thermal event, which was assigned to the main
degradation, Tdeg, at 376 °C; it is 8 °C higher than that of pure CAB and
might be due to favorable interactions with caffeine. For CAB/caf 5 wt
% and 7 wt% films, beyond the main decomposition at 377 °C and
375 °C, respectively, a small fraction of material underwent degrada-
tion at 210 °C and 251 °C, respectively, which might correspond to the
segregated caffeine molecules that were observed on the film surface
(Fig. 5e and g). The insignificant char residue obtained at 500 °C
showed that CAB/caf systems undergo complete pyrolysis and decom-
position.

The interactions between caffeine and CAB were further

investigated using FTIR-ATR spectroscopy. Fig. 6a shows the FTIR-ATR
spectra obtained for pure caffeine, pure CAB (powder), CAB/caf 2.5 wt
%, CAB/caf 5 wt% and CAB/caf 7 wt% films, in the spectral range from
1000 cm−1 to 2000 cm−1. Spectra with spectral range from 600 cm−1

to 4000 cm−1 and the corresponding bands assignments are provided as
Supplementary Material SM5. The most interesting features concern the
pure caffeine bands at 1642 cm−1 and 1692 cm−1, assigned to the
stretching of conjugated C=O(6) and isolated C=O(2) carbonyl groups
[29]. In the presence of CAB, they shifted to higher wavenumber, for
instance, CAB/caf 2.5 wt%, 5 wt% and 7 wt% films the C=O(6) bands
shifted to 1658 cm−1, 1657 cm−1, and 1654 cm−1, respectively,
whereas the C=O(2) band shifted to 1707 cm−1, in all compositions.
The same effect was observed when the spectrum of caffeine powder
was compared with the spectrum of caffeine dissolved in chloroform
(Fig. 6b). In chloroform, where the caffeine molecules are well solvated,
the C=O(6) and C=O(2) bands appeared at 1654 cm−1 and
1707 cm−1. Thus, such shifts to higher wavenumber clearly indicate
weakening of self-assembling of caffeine molecules and evidence fa-
vorable interactions between caffeine and CAB [30]. Considering the
CAB DSAc of 0.2 and DSBut of 2.5, dipole-dipole interactions and van der
Waals interactions are expected to drive the miscibility.

One should notice that during the FTIR-ATR analysis, the evanes-
cent wave penetrates the whole CAB/caf film because the films thick-
nesses ranged from 30 μm to 50 μm thick, so that the spectra reveal the
vibrational bands of functional groups present on the surface and in the
bulk film. Recently, FTIR-ATR was applied as analytical tool to estimate
the amount of caffeine and loperamide hydrochloride printed on poly
(ethylene terephthalate) films [31].

DFT calculations were performed in order to gain insight about the
interactions between caffeine and CAB monomer. The optimized DFT
geometry of caffeine interacting with CAB monomer is displayed in
Fig. 7. The geometry optimization steps indicated hydrogen bonding
between CAB hydroxyl group and caffeine C=O(2), with interaction
energy of - 42 kJ/mol. The geometry optimization steps are available as
a movie at http://www.youtube.com/watch?v=FIXSQNvaFBw [32].

Fig. 8. Release profiles of caffeine from (a)
CAB/caf 5 wt% and (b) CAB/caf 7 wt% in MilliQ
at pH 5.5, 25 °C, in MilliQ water (blue triangle),
NaCl 0.01 mol L−1 (red circle) and NaCl
0.10 mol L−1 (black square). Release profiles of
caffeine from (c) CAB/caf 5 wt% and (d) CAB/
caf 7 wt% at 25 °C, pH 2.0 (red circle), pH 5.5
(blue triangle), pH 7.4 (black square) and pH 9
(pink triangle). (For interpretation of the refer-
ences to colour in this figure legend, the reader
is referred to the Web version of this article.)

Fig. 9. Schematic representation of caffeine release pH 7.4, from CAB/caf
2.5 wt%, CAB/caf 5 wt% and CAB/caf 7 wt%, over the period of 6 h and 48 h.
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3.3. In vitro release of caffeine from CAB/caf films

The in vitro release of caffeine from CAB/caf 2.5 wt% films was
negligible, regardless of the pH or ionic strength of external medium
The miscibility between CAB and caffeine at ϕcaf 2.5 wt% probably
favored the homogeneous distribution of caffeine in the polymeric
matrix, as evidenced in Fig. 5c and d, impairing the caffeine release to
the medium.

Fig. 8a and b shows the cumulative release of caffeine from CAB/caf
5 wt% and 7 wt%, respectively, at pH 5.5, in MilliQ water, NaCl
0.01 mol L−1 and NaCl 0.10 mol L−1. It is possible to divide the release
behavior into two regimes, a fast one up to 6 h, and a slow and con-
tinuous one for longer release time (48 h). The fast process probably
corresponds to the dissolution and release of caffeine located at the film
surface (Fig. 5e and g), whereas the slow one refers to the release of
caffeine buried in the films, as observed in SEM images (Fig. 5f and h).
Small defects in the film structure (microcracks, for instance) are al-
ready enough to promote the release of caffeine from the bulk film. In a
similar process, the release of caffeine from nanoporous network
formed by MFC coated on paper also presented a fast release in the first
30 min, and a slow step until the total release took place, after 10 h
[19]. At 6 h release, the amounts of caffeine released from CAB/caf 5 wt
% and CAB/caf 7 wt% in MilliQ water were the most pronounced,
22.1 ± 0.5% and 28 ± 1%, respectively. After 48 h, the highest
cumulative releases amounted to 43 ± 6% from CAB/caf 5 wt% in
MilliQ water and 55 ± 2% from CAB/caf 7 wt% in NaCl 0.10 mol L−1.

The fast (up to 6 h) and slow release stages were also observed for
the release under different pH values (Fig. 8c and d). In the fast stage,
the release from CAB/caf 5 wt% showed weak pH dependence; it
ranged from 14 ± 3% at pH 9 to 22 ± 3% at pH 5.5. On the other
hand, the release from CAB/caf 7 wt% was the highest at pH 2
(56 ± 2%) and the lowest at pH 9 (25 ± 3%). After 48 h, at pH 7.4,
the release of caffeine from CAB/caf 7 wt% and CAB/caf 5 wt% films
was 98 ± 2% and 50 ± 2%, respectively, which correspond to
1.5 g L−1 and 0.5 g L−1 caffeine.

Fig. 9 shows schematically the release of caffeine at pH 7.4, from
CAB/caf 2.5 wt%, CAB/caf 5 wt% and CAB/caf 7 wt%, over the period
of 6 h and 48 h. In this model, caffeine molecules are not released from
CAB/caf 2.5 wt% films due to complete miscibility with CAB, which

does not swell in this medium. In the case of CAB/caf 5 wt% and CAB/
caf 7 wt%, in the first 6 h, caffeine molecules located on the film surface
dissolve in the medium. This first step is slow because caffeine mole-
cules, which are not miscible with CAB, are well packed into organized
structures on the outer surface, as observed in Fig. 5e and g. This
process depends mainly on the amount of caffeine that segregated from
the CAB matrix. After dissolution of external caffeine molecules, caf-
feine molecules located in the interior of the CAB films can take ad-
vantage of breath figures or film degradation to come in contact with
the external medium, and then, to diffuse to the medium.
Supplementary Material SM6 shows photographs of CAB/caf 2.5 wt%
films and CAB/caf 7 wt% films and after 48 h, at pH 7.4. CAB/caf 2.5 wt
% films kept their homogeneous and regular appearance, indicating
that CAB was not eroded by the medium. On the other hand, CAB/caf
7 wt% films show empty (dark) spots, which probably were previously
occupied by caffeine molecules.

Many empirical models for drug release are designed for erodible
polymers [33], which is not the case of CAB under the experimental
conditions. CAB is chemically stable in the pH range investigated (pH 2
to pH 9). Supplementary Material SM7 provides an attempt to fit the
experimental data to the Korsmeyer-Peppas model:

=

M
M

kt
t

eq
n

(1)

where Mt is the released amount at time “t”, Meq is the released amount
at equilibrium, k is a constant and “n” is the diffusional coefficient,
which is related to the interaction between drug and polymer matrix
and describes the release mechanism. The fittings were performed for
the first 6 h, where only the dissolution of segregated caffeine mole-
cules takes place. The resulting “n” values ranged from 0.67 to 1.0
(Supplementary Material SM7), indicating weak interaction between
polymer and drug. This is consistent with the proposed model, which
considers the first step as the dissolution period of segregated caffeine
molecules. For period longer than 6 h, the release rate was estimated
from linear fits (between 6 h and 48 h) in the range of 5 mg L−1 h−1 to
8 mg L−1 h−1.

Table 2 shows some literature examples [12–14,16,19,26,34–40],
which employed polymer matrices for the release of caffeine. Many of
them are water soluble polymers or polymers that swell in aqueous

Table 2
Some examples of polymeric delivery systems for caffeine and the corresponding highlight and reference.

System Highlight Ref.

Alginate-based blends consisting of carrageenan, pectin, chitosan or psyllium husk powder Chitosan coated beads released 50% of caffeine after 13 min. [12]
Beta-glucan, resistant starch, and beta-cyclodextrin microparticles Caffeine release was more prevalent in simulated intestinal juice than

gastric medium, displaying controlled release mechanism for such
systems.

[13]

Alginate-based matrix combined with different natural biopolymers 80% released in simulated mouth conditions after 30 min [14]
Tablets with linseed polysaccharides Buffers of pH 1.2, 6.8, 7.4, and DI water were used. Negligible drug

release (< 10%) was noted at pH 1.2 (2 h). Higher and sustained
release was observed at pH 6.8 and 7.4 up to 16 h

[16]

Microfibrillated celulose coated paper loaded with caffeine at 7 g/m2 Release in 500 mL water,
100% caffeine release after10 h.

[19]

Acrylic acid (AAc), and 2-N,N-dimethylamino ethyl methacrylate grafted onto PVDF
membrane.

At pH 5, the maximum release was reached at 3 h, while at pH 7, it
took 5 h.

[34]

3D printed filaments of PVA/caffeine/paracetamol, with 4.7% and 9.5% caffeine 100% drug release in less than 360 min. [27]
Chitosan–quercetin-poly(N-isopropylacrylamide) hydrogels, 0.85 mg/mL caffeine loaded After 30 min, at 40 °C and pH 2.0, 50% drug release (burst effect). At

pH 7 and 25 °C or 40 °C, sustained release.
[35]

Poly[N-isopropylacrylamide-co-(3-methacryloxypropyltrimethoxysilane)] (pNS) copolymer
chains as the backbone and silica nanoparticles (SiP) as crosslinkers

Release in 150 mL deionized water (pH 6.8) or pH 1.7. The release
reached equilibrium (93% release) within 4 h at both pH conditions.

[36]

Plasma treated polyamide 6,6 fibers impregnated with caffeine aqueous solution at 1% Release in 150 mL PBS buffer at 37 °C. 90% release during the first
hour.

[37]

Electrospun nanofibers of PVA/caffeine at weight ratio 25:1 Burst- caffeine released 100% within 60 s. [38]
Bio cellulose membrane loaded with caffeine at 8 mg/cm2 80% released in PBS after 5 min. [39]
Magnetic alginate beads loaded with 100 mg caffeine Diffusion of drug from hydrogels was controlled by the pH of

environment; maximal release was 60% after ~3 h.
[40]

CAB/caf 7 wt% Sustained release over 48 h. Total (1.5 g L−1) released in PBS after
48 h.

This
work
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media. However, in comparison to CAB/caf 7 wt%, most of them pre-
sented faster release of caffeine, pointing out that for hydrophilic drugs,
as caffeine, water soluble polymers provide pronounced contact with
water, speeding up the release.

4. Conclusions

The comprehension about the miscibility of drug and the polymer
carrier is important to understand the release process over a specific
duration. In this study, partial miscibility of CAB and caffeine was ob-
served for caffeine contents higher than 5 wt%; total miscibility was
observed for caffeine content lower than 2.5 wt%. The release from
completely miscible systems was impaired. Systems partially miscible
showed a two-step release process, namely, a first one corresponding to
the dissolution of segregated drug and a second one related to the
dissolution and release of drug located in the internal polymer matrix.
CAB/caf 7 wt% films were particularly interesting because they pro-
vided total release of loaded caffeine at pH 7.4, for the prolonged period
of 48 h. This feature is particularly advantageous for systems, which
require prolonged release of caffeine. Moreover, CAB/caf 7 wt% sys-
tems might be interesting for hot melt extrusion because both compo-
nents can be processed together and the caffeine content of 7 wt% is
similar to those found in commercial tablets for headache as 6.5 wt%
[41].
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