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Abstract Bacterial nanocellulose (BC) and Aloe
vera composites were synthesized in situ by Glu-
conacetobacter hansenii using mannitol-based med-
ium supplemented with 60 % (v/v) of three different
Aloe vera portions (Aloe vera gel pulp, Aloe vera gel
extract and polysaccharide fraction) under static
conditions. The chemical interactions, morphology,
crystallinity and mechanical properties influenced by
aloe supplementation into BC medium were charac-
terized. The interactions between BC and Aloe,
characterized by X-ray photoelectron spectroscopy
and Fourier transform infrared spectroscopy, revealed
the presence of nitrogenous compounds and aliphatic
chains into BC-Aloe composites (BCAC). Moreover,
Aloe portions reduced the crystallinity and crystallite
size of BCAC, as shown by X-ray diffractometry. The
Aloe vera compounds deposited onto BC fibers
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disrupted the hydroxyl interactions, decreasing the
Young’s modulus as well as the tensile strength and
water uptake of BCAC. However, aloe incorporation
of aloe fractions promoted an increase of the exten-
sibility of BCAC (elongation at break), allowing fiber
movement. Live/Dead® cell viability assays revealed
a strong adhesion between 1929 cells and the surface
of BC and BCAC. The results indicated that this
material could be successfully applied as a biomaterial
for several biomedical applications, a scaffold for skin
substitution and regeneration, and cell culture
substrates.

Keywords Aloe vera - Bacterial nanocellulose -
Nanocomposites - Polysaccharides

Introduction

Cellulose is the main component of vegetal biomass
and most biodegradable material available in nature,
also being synthesized by a few bacteria of the genus
Gluconacetobacter. Bacterial cellulose (BC) is extra-
cellularly secreted in the form of nanofibers, randomly
distributed, which are interconnected and form a
highly entangled three-dimensional structure with a
unique porous matrix, mechanical properties, and high
water absorption, surface area and crystallinity (Chang
and Zhang 2011; Klemm et al. 2005). Moreover, the
physical, structural and mechanical properties of BC
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can be enhanced using alternative substrates or
blending compounds during BC synthesis or post-
synthesis to produce materials suitable as scaffolds for
biomedical applications (Czaja et al. 2007; Miiller
et al. 2012). Recent studies have reported the modi-
fication of chemical and physical properties of BC
through incorporation of active substances in the
culture medium (Stumpf et al. 2013; Berti et al. 2013).

Aloe vera (Aloe barbadensis Miller) is a perennial
succulent, originated from South Africa, belonging to
the Asphodelaceae family (Grace et al. 2008). The
mucilaginous inner gel of Aloe vera is composed of
over 25 % polysaccharides (dry matter) and has the
greatest range of biological activities, such as antiin-
flammatory, immunomodulating, antibacterial as well
as accelerating healing processes, reported in the
literature (Reynolds 2004; Grindlay and Reynolds
1986. Zhang and Tizard 1996). The main constituents
of the polysaccharide fraction of Aloe vera L. are
mannose (around 94 %), glucose (~4 %) and uronic
acid (~2 %). Traces of rhamnose and arabinose can
also be found (Campestrini et al. 2013). Furthermore,
the complex mix of proteins, carbohydrates, saccha-
rides, vitamins, inorganic and organic compounds of
Aloe vera extract has been reported to have a
synergetic effect and offers an alternative therapy to
treat health disorders such as constipation, diabetes
and wound healing (Reynolds 2004; Kim et al. 2009).
Due to the biological activity, Aloe vera has been
blended to chitosan and alginate in the development of
new classes of materials with optimized properties for
biomedical applications (Silva et al. 2013a; Pereira
et al. 2013).

Recently, Saibuatong and Phisalaphong (2010)
reported the production of an Aloe vera—BC compos-
ite. They explored the incorporation of the Aloe vera
gel into BC during biosynthesis. However, since Aloe
vera gel comprises a mixture of different compounds
whose wt % fractions may vary depending on several
factors, the influence of each one separately on the
microstructure and mechanical properties is still not
well understood. This work reports on the supplemen-
tation of mannitol-based medium for nanocellulose
biosynthesis enriched with different Aloe vera extract
fractions to produce BC-Aloe composites (BCACs).
The effect of each different extract on the morphology,
water uptake, mechanical properties, crystallinity,
biocompatibility and chemical composition of BCACs
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was evaluated and compared to that on pure BC
membranes.

Materials and methods

Extraction of the Aloe vera gel pulp (GP), Aloe vera
gel extract (GE) and polysaccharide fraction (PF).

Fifteen leaves of Aloe barbadensis Miller were
obtained from Naturama Sucos Integrais do Brasil
(Paulo Lopes, SC, Brazil). In a first step the leaves
were cleaned with water and immersed in a calcium
hypochlorite solution (0.125 g/l) for 5 min, and then
the excess was removed with distilled water. The
leaves were separated into three groups with five
leaves each. After removing the peel, the leaf pulp was
milled; one portion was separated and identified as
Aloe vera gel pulp (GP). This portion was mainly
composed of aloe inner gel and pulp fibers. The Aloe
vera gel extract (GE) was obtained by centrifugation at
3335xg for 15 min at 25 °C. Submitting GE to
alcoholic precipitation with 6:1 volumes of ethanol
for 24 h at room temperature resulted in a white
supernatant, which was collected, centrifuged at
3335xg for 15 min at 25 °C, separated from the
ethanol, immersed in distilled water and autoclaved.
The resulting solution was lyophilized, and the white
powder was denoted the Aloe vera polysaccharide
fraction (PF). An aqueous solution of 1 g/l of the
polysaccharide fraction was prepared for composite
production.

Bacterial strain and cellulose production

The Gluconacetobacter hansenii strain, ATCC 23769,
from the “Collection of Tropical Culture (CCT)”
(André Tosello Foundation, Brazil) was used in this
work.

The medium culture was prepared with mannitol
(25 g), bactopeptone (3.0 g) and yeast extract (5.0 g)
in 1 1 of distilled water, adjusted to pH 6.6 and
sterilized. To produce the modified BC-Aloe compos-
ites, a specific bacterial culture medium was produced
through the addition of 60 % (v/v) of each portion (PF,
GE and GP). The usual bacterial culture medium
without Aloe was used to produce the BC control.
Subsequently, 10 % of the precultured bacterium was
added to each bacterial medium culture. A 24-well
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plate was used to synthesize BC—Aloe membranes,
with 1 ml in each well, for 10 days under static
conditions at room temperature (25 °C). For purifica-
tion, the BC-Aloe scaffolds were submitted to a
treatment with 0.1 M of NaOH solution for 24 h at
50 °C and then washed with distilled water. The pH
was adjusted to 7 and sterilized by autoclaving
(120 °C for 20 min) before storage. The BC-Aloe
scaffolds formed were identified as BC-60PF, BC-
60GE and BC-60GP.

Characterization of BC and BCAC

To determine the water uptake, the dried BCACs were
weighed (W) and then immersed in distilled water for
24 hto achieve a swollen state. Then the water excess on
the surface was removed with paper, and the wet BCAC
membranes were weighted (W,,). The water uptake was
then determined by the relation: W, = (W,, — Wy)/Wy,
where an average of the triplicate value was considered.

The BC and BCAC in the hydrogel and freeze-dried
state were submitted to tensile tests on a TA-XTplus
texturometer (Stable Micro Systems Texture Ana-
lyzer) using a 500-N load cell at room temperature and
humidity conditions, operating at a deformation rate of
0.5 mm/s. The sample dimensions were 92 x 14 x
individual sample thickness (mm). Young’s modulus
(E), tensile strength (¢) and elongation at break (&)
were determined from the stress/strain curve using
Exponent 5.1.1 software. Three specimens were
analyzed for each sample type.

The freeze-dried samples were analyzed by Fourier
transformed infrared spectroscopy performed in a
Bruker instrument, model TENSOR 27, with an ATR
accessory and ZnSe crystal. Spectra of BCAC were
recorded at a 4000-600 cm™' range with a 4 cm™'
resolution and accumulation of 16 scans.

The microstructure of the samples was evaluated
through scanning electron spectroscopy (SEM, JEOL
JSM-6390LV) operating at 10 kV. SEM images were
further analyzed (ImageJ]®) to estimate the porosity,
fiber size and surface fiber density of the BC and
BCAC. For SEM analysis the materials were frozen (at
—80 °C) and lyophilized for 24 h. For cross-section
analysis, samples were first frozen in nitrogen liquid
(2 min) and then cut. The samples were then placed on
an aluminum support and finally sputtered with gold.

XRD diffraction spectra of freeze-dried samples
were collected on a Philips diffractometer (model

X’Pert) with CuKa radiation (4 = 0.154 nm). Mea-
surements were made over a 20 interval of 5° to 40°
with 1°/min steps. The crystallinity index (y.) of BC
films was estimated from the ratio between the areas
under the main crystalline peaks and the total area of
the diffractogram as described by Watanabe et al.
(1998). The crystallite size was estimated by Scher-
rer’s equation at the (200) peak as described by
Nieduszy and Preston (1970) and Tokoh et al. (1998).

X-ray photoelectron spectroscopy analysis of
BCAC was performed using a VSW HA-100 spherical
analyzer equipped with an Al (Ka) X-ray source
operating at 15 kV, and the spectrometer was cali-
brated using Ag 3d5/2 as reference. Data were
collected at a pressure below 1 x 107° Pa. The
spectra were obtained with 50-eV constant pass
energy, and high-resolution spectra were taken at a
pass energy of 20 and 0.1 eV of the energy step.
Spectral analysis was performed using peak fitting
with the Gaussian peak shape and linear background
subtraction. The binding energy scale was referred to
the oxygen in the Ols spectra at 532.9 eV.

All data were statically evaluated via Statics 7.0
(StatSoft Software, Tulsa, OK, USA) by one-way
analysis of variance (ANOVA) and Tukey’s test in
which p < 0.05 was considered statistically signifi-
cant. The results were expressed as the mean =+ stan-
dard error.

Cell culture and viability assay

An established mouse fibroblast cell line (1.929),
cultured in DMEM high glucose (Life Technologies,
USA) supplemented with 10 % fetal bovine serum and
1 % penicillin/streptomycin, was used to assess the
viability of cells cultured on BC-Aloe and BC
samples. L.929 cells were maintained at 37 °C in an
incubator containing 5 % CO, and 95 % humidified
air during the in vitro tests.

The fluorescence-based Live/Dead® (Life Tech-
nologies Corp., USA) assay was used to analyze the
cell viability of L929 cultured on BC-Aloe and BC
samples. Before the cell seeding, the sterilized BC-
Aloe and BC samples were placed in the bottom of
24-well culture plates (TPP Techno Plastic Products,
Switzerland). After that, 500 pl of incomplete (with-
out fetal bovine serum) DMEM medium was added
over each sample to perform the exchange of PBS to
DMEM. The samples were kept with incomplete
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culture medium for 24 h at 37 °C. Following this, the
incomplete medium was removed, and 10° cells/
sample were seeded on top of the entangled surfaces
of BC-Aloe and BC samples. After 48 h, the culture
medium (DMEM) was removed and the samples
washed three times with PBS. Subsequently, 100 pl of
sterile PBS solution containing 1:4 of calcein and
ethidium homodimer-1 was added over each sample.
Samples were incubated into calcein/ethidium homod-
imer solution for 20 min at 37 °C. A fluorescence
microscope (Nikon EclipseCi-L, Tokyo, Japan) was
used to analyze the cell viability of 1.929 cultured on
BC-Aloe and BC samples. Viable cells were quanti-
fied using image analysis (Image]®) (Shaik et al.
2013). For analysis, three regions of three Live-Dead
images of each sample were randomly selected.

Results and discussion

Figure 1 shows the water uptake of BC samples. As
shown, BC was capable of absorbing an average of
89 g of water per gram of dried cellulose. BC-60PF
presented a decrease of 25 % compared to the control.
A slight decrease of adsorbed water was obtained for
BC-60GE and BC-60GP compared to pure BC.
Despite this slight decrease, the capability to absorb
water is still under those observed for BC. Water
uptake is intimately linked to the microstructure
characteristics produced by the insertion of PF, GE
or GP in the membranes. Several factors can change
the absorption behavior, such as variations in the
composition of the culture medium, which involves
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Fig. 1 Water uptake of BC, BC-60PF, BC-60GE and BC-60GP
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the carbon sources that can affect the fermentation
time as well as the post-treatment and drying process
(Tang et al. 2010; Guo and Catchmark 2012). The
reduction of water uptake in BC-60PF composites is in
accordance with the values reported in the literature. It
was reported that a reduction of water uptake could be
influenced by crosslinking between chitosan and Aloe
vera, even when the aloe concentrations were lower
than 30 % (v/v), which occurred by decreasing the
content of the available -NH,— groups, which are
capable of forming hydrogen interactions with water
(Silva et al. 2013a, b; Pereira et al. 2010; Jithendra
et al. 2013). Crosslinking between BC and plant cell
wall polysaccharides occurs as a result of the enthalpic
driving force, and once microfibrils are available, the
polysaccharide interacts by crosslinkage to another
microfibril, reducing the availability of hydroxyl
groups from BC to make hydrogen bonds with water.
On the other hand, the addition and availability of
hydrophilic groups from Aloe vera on the material’s
surface could explain the comparable water uptake of
BC-60GE and BC-60GP with pure BC.

The microstructures of the upper, bottom and inner
surface (cross-section) of BC and BCAC are shown in
the SEM micrographs in Fig. 2. The typical structure
of a dense network on an air/medium interface
connected by a porous network with pores of varying
sizes extending to the porous underside of BC was
observed (Fig. 2a—c). In the presence of GE and GP,
the upper surface remains highly closed (Fig. 2g, j),
but when PF was added, some porous regions were
observed on the upper surface (Fig. 2d). The bottom
surface of BC-60PF and BC-60GE samples revealed
some entrapped polysaccharides between the CB
fibers (Fig. 2e and h), respectively. The bottom
surface of BC-60GP showed that GP fractions coated
the BC fibers (Fig. 2k). The cross-section of BC-Aloe
samples revealed that the 3D microstructure of BC
was changed with the addition of each aloe portion.
PF, GE and GP portions affected BC fiber synthesis,
producing different internal microstructures (Fig. 2c,
f,1and 1). Compartmentalization of the 3D microstruc-
ture was mainly observed in BC-60PF samples
(Fig. 2f). The specific changes observed in the 3D
microstructure of the BC-Aloe samples in comparison
with the BC samples had also been previously
described in the literature (Tokoh et al. 2002a, b;
Whitney et al. 1998). Furthermore, those authors
suggested the presence of cell wall polysaccharides
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Top surface

BC-60PF BC

BC-60GE

BC-60GP

Fig. 2 SEM micrographs of freeze-dried BC-Aloe and BC
samples. Entangled surface, porous surface and cross-section of
BC (a—c), BC-60PF (d-f), BC-60GE (g-i) and BC-60GP (j—

during the BC synthesis, coating the fiber surface as a
result of crosslinking between these polysaccharides
and BC, collapsing the cellulose fibers and conse-
quently increasing the fiber width (Tokoh et al. 2002a,
b; Whitney et al. 1998). In this study, an increase of the
average fiber width was observed from 87.4 £ 1.9 nm
(BC) to 90.6 £ 2.1 nm (BC-60PF), 122.3 4+ 3.4 nm
(BC-60GE) and 128.9 &£ 3.8 nm (BC-60GP). The

Bottom surface

Cross section

1) samples, subsequently. SEM micrographs were taken at
%5000 (a, b, d, e, g, h, j and k), x430 (c), x3000 (f), x900
(i) and x250 (1) magnification

bottom side has a higher porosity than the top (air-
medium interface). Pure BC and PF and GE compos-
ites exhibit 40 % porosity, while the porosity of BC-
60GP decreased slightly to 31 % after incorporation.
The surface fiber density remained between three and
four fibers/um?. The interactions between BC and the
Aloe compounds led to pore occlusion and changes in
the crystallinity and water uptake by the miscellaneous
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surface chemical features
supplementation.

Figure 3 shows the X-ray diffraction patterns of the
BC, BC-60PF, BC-60GE and BC60-GP samples. The
three main peaks centered at 14.6°, 16.7° and 22.5° are
attributed to the typical profile of a cellulose I
polymorph (Nieduszy and Preston 1970). No signif-
icant shifts of the Bragg angle of the characteristics
peaks were detected, but a decrease in the crystallinity
and intensity of peaks was evident in BCAC, as shown
in Table 1. The degree of crystallinity values followed
this sequence: CB-60GP (35.8 %) < CB-60PF (43.5 %) <
CB-60GE (44.8 %) < CB (519 %). This reduction was
assigned to the insertion of amorphous phases, such as a

produced by Aloe

(170) (200)

(110) BC

BC-60PF
BC-60GE
BC-60GP

T T T T T T T T T

5 10 15 20 25 30 35
20 (Deg.)

Intensity (a.u.)

Fig. 3 X-ray diffractogram of BC and BC-Aloe scaffolds

Table 1 Crystallinity index and crystallite size of BC, BC-
60PF, BC-60GE and BC-60GP

polysaccharide fraction (PF), containing mannan or Aloe
vera gel (GE, GP) into the BC during biosynthesis.
However, the parameters of the BC unit cell remained
unaltered. The insertion of the mannan groups has been
reported to disturb the growth of BC crystallite, reducing
the size by sticking to the surface of the newly formed
microfibrils, blocking the ribbon formation (Tokoh et al.
1998). A smaller size of crystallite (3.9 nm) is observed
in the presence of PF, followed by BC-60GP (4.4 nm),
BC-60GE (4.8 nm) and BC (5.4 nm). Consequently,
substantial changes in the mechanical properties of the
membranes can be expected.

In order to investigate the integrity of membranes in
hydrogel form, the samples were submitted to tensile
strength tests. Summarized data are present in Table 2.
The pure BC exhibits the highest Young’s modulus
(26.90 £ 2.18 kPa) and tensile strength (482.88 +
35.42 kPa) and the lowest elongation at break
(21.11 £ 0.72 %). The BC-60GP (72.89 £ 3.89 %)
presented the highest elongation at break, followed by
BC-60GE (70.36 &+ 4.03 %) and BC-60PF (61.61 +
3.92 %). The Young’s modulus and tensile strength
showed the same sequence: BC-60GE (3.71 %+ 0.10
and 207.58 £ 8.92 kPa), BC-60GP (4.86 £ 0.64 and
238.39 £ 18.59 kPa) and BC-60PF (7.79 £ 0.32 and
262.72 + 12.15 kPa), respectively. These alterations

BC-Aloe Ae Crystallite
scaffolds (%) size (nm)
BC 51.9 54
BC-60PF 43.5 39
BC-60GE 44.8 4.8
BC-60GP 35.8 44

Table 2 Mechanical properties of BC, BC-60PF, BC-60GE and BC-60GP
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Fig. 4 FTIR spectra of F, G, T, BC and BC-Aloe scaffolds

Mechanical property BC BC-60PF BC-60GE BC-60GP
E (kPa) 269 +£22 7.8 £03 37+0.1 49 £ 0.6
& (%) 21.1 £ 0.7 61.6 £39 704 £ 4.0 729 £39
o (MPa) 0.48 £ 0.03 0.26 £ 0.01 0.21 £ 0.09 0.24 £ 0.02
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seem to be correlated with the increase of the
amorphous phase in BC, which is deposited onto the
surface of microfibrils, forming hotspots in some of
the regions susceptible to breakage. Consequently, the
number of intermolecular interactions (hydrogen

y (o)

“_‘“—\JQ (b)

-]

—*“‘““J;———NIL @

T T T T
800 600 400 200 0
Binding energy (eV)

Fig. 5 XPS spectra a BC, b BC-60PF, ¢ BC-60GE and d BC-
60GP

bonds), which confers rigidity to the structure, is
reduced. Furthermore, the presence of an amorphous
phase between BC microfibrils allows the movement
of fibers when pulling force is applied, thereby
increasing the extensibility of the material. As the
mechanical properties are closely linked to the
microstructure and crystallinity of the material, the
BC-Aloe vera composites presented a significant
(p < 0.05) change in extensibility and elastic charac-
teristics because of the high content of gel, expressed
by increasing the elongation before breaking followed
by decreasing the Young’s modulus and tensile
strength of the samples. Previous studies reported a
decrease in the elasticity modulus and tensile strength
up to 30 % of Aloe gel incorporation into BC or
chitosan films (Saibuatong and Phisalaphong 2010;
Khoshgozaran-Abras et al. 2012). Furthermore, the
composites exhibited similar elasticity values to those
evaluated for skin reported by Bader and Bowker
(1983) and Pailler-Mattei et al. (2008). The elongation
at break of the BC-Aloe composites is in the same
range as those of excised human skin (dermis and

N Is]

(b) Nls

405 404 403 402 401 400 399 398 397 396 395 405 404 403 402 401 400 399 398 397 396 395

Binding energy (eV)

(c) » N Is]

405 404 403 402 401 400 399 398 397 396 395
Binding energy (eV)

Binding energy (eV)

Fig. 6 Deconvolution of N1s peaks: a BC-60PF, b BC-60GE, and ¢ BC-60GP
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epidermis) determined by in vitro tests, but the tensile
strength is one to two orders of magnitude lower (Ni
Annaidh et al. 2012), which is expected since BC
composites do not contain cells and connective tissue
layers as in excised skin. These results indicate that the
BC-Aloe composites could be applied in tissue
engineering applications.

The FTIR spectra of PF, GE, GP and BC compos-
ites are shown in Fig. 4. The characteristic bands of
BC at 3346 cm™' stretching vibration (O-H),
2897 cm™' stretching (C-H), 1427 cm™' bending
vibration in plane (HCH and OCH), 1161 cm ™!
asymmetric vibrations (C—-O—C) and 1109 cm™' sym-
metric vibration (C-C) were present in all BC
membranes (Kacurakova et al. 2002; Oh et al. 2005).
In the high energy region, no significant difference
between BC and BCAC was detected (data not
shown), but in the low energy region an increase at
1648 cm ™' was observed and a shoulder appears at
1542 cm™". These bands are related to the presence of
amide I and II (C=0 and C-N stretch, N-H bending,
respectively), probably because of an intramolecular
interaction of this compound present in PF, GE and GP
in BC (Saibuatong and Phisalaphong 2010). In

addition, the presence of glucomannans and galac-
toglucomannans can be verified by the C-H ring
vibration at 872 and 814 cm™'. However, only the last
band in BC-60GP and BC-60GE was detected,
suggesting an incorporation of those polysaccharides
into the membranes (Kacurakova et al. 2000).

The changes in the surface chemistry of BC,
induced by medium supplementation with Aloe por-
tions (BCAC), were analyzed using X-ray photoelec-
tron spectroscopy (XPS). Figures 5, 6 and 7 show the
spectra and decovoluted peaks of N1s and C1s for BC
and BCAC, respectively. Data are summarized in
Table 3.

The spectra (Fig. 5) show the presence of a nitrogen
peak only for BCAC. The nitrogen peak around
400.0 eV (Fig. 6) in CB-60F and 60G CB-CB-60T
reveals the presence of amines and amides in their
respective structures, which are not present in pure BC
(Tokoh et al. 1998). The most intense peak in the Cls
region (Fig. 2a C2) is assigned to the C-O bonds from
cellulose at 286.3 eV. A smaller contribution of C1
(284.5 eV) and C3 (288.1 eV) peaks is attributed to a
single bond carbon—carbon (C—C) and a single bound
carbon between two oxygen atoms (O-C-0),

Fig. 7 Deconvolution of
Cls peaks: a BC, b BC- (@
60PF, ¢ BC-60GE and d BC-
60GP

Cls (b) Cls

202 291 200 289 288 287 286 285 284 283 282 281 280 293 292 291 290 289 288 287 286 285 284 283 282 281 280
Binding energy (eV)

Binding energy (eV)

(c)

Cls (d) Cls

293 292 291 290 289 288 287 286 285 284 283 282 281 280 293 292 291 290 289 288 287 286 285 284 283 282 281 280

Binding energy (eV)
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Table 3 Assignments for
the deconvolution of Cls,
Ols and N1s for BCAC

Fig. 8 1929 cells cultured
for 48 h on the entangled
surface of BC (a), BC-60PF
(b), BC60GE (c) and BC-
60GP (d); cell viability on
different membranes
(normalized with respect to
pure BC) (e). L929 cells
were stained with the Live/
Dead® assay kit (green live
cells and red dead cells).
(Color figure online)

553
Element  Binding energy (eV) Assignment
BC BC-60PF BC-60GE  BC-60GP
Cl 2845 284.7 284.6 285.0 C-C/C-H?*?
2 286.3  286.5 286.6 286.9 C-O/C-N?>*
C3 288.1  288.3 288.1 288.6 0-C-0/C=0?3
Cc4 290.1 Cco3
N1 400.0 399.7 399.9 N from amines, amides or lactams?

% Number of viable cells

250

BC

BC-60PF

Sample

(e)

BC-60GE BC-60GP
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respectively (Cagniant et al. 2002). Since pure cellu-
lose is composed of B-p-glucopyranose units and this
structure consists of five carbons, in which four of them
are bonded to one atom of oxygen and one carbon bonds
two oxygen atoms, the presence of C2 and C3 peaks is
expected. Then, the presence of a C1 peak suggests non-
cellulosic compounds, which corresponds to unoxidized
organic carbon in BC (Carlsson and Strom 1991). The
C1, C2 and C3 peaks are present in BC-60PF (Fig. 2b;
284.5, 286.5 and 288.3 eV, respectively), BC-60GE
(Fig. 2c; 284.6, 286.6 and 288.1 eV, respectively) and
BC-60GP (Fig. 2d; 285.0, 286.9 and 288.6 eV, respec-
tively). The BC-60PF presents a C4 peak at 290.1 eV
assigned to the presence of carbonates (Yu et al. 2012).
The increase of the C1 peak for BC-60PF, BC-60GE and
BC-60GP confirms the insertion of aliphatic chains into
these samples.

The viability of L929 cells cultured on entangled
surfaces (top surface) of BC-Aloe and BC samples
was analyzed by the Live/Dead® assay kit. Figure 8
shows that 1.929 cells remained viable (green) after
48 h of culture on BC-Aloe (b, ¢ and d) and BC
(a) samples. Qualitatively, viable cells fully covered
the surface of BC-60PF (b) showing a strong adhesion
between L.929 cells and the scaffold surface. Similar
results were also observed between the 1929 cell
culture on the BC-60GP (d) surface. 1.929 cells
remained viable after 48 h of culture on the BC
(a) and BC-60GE (c) surfaces; however, fewer cells
adhered when compared with BC-60PF (b) and BC-
60GP (d). Figure 8e shows the number of viable cells
normalized with respect to pure BC. All samples
sustained viable cells after 48 h, but the surface of BC-
60PF exhibited higher levels of viable cells when
compared to the other samples. Cell viability on the
BC-60GE sample was similar to pure BC. As revealed
by XPS, the BC-Aloe samples contain nitrogenous
compounds in their structure. The presence of these
nitrogenous compounds can be one of the factors that
could improve adhesion between cells and BC-Aloe
(Pertile et al. 2010; Silva et al. 2013a).

Conclusions
Bacterial nanocellulose and Aloe vera composites
were synthesized in situ using mannitol-based medium

supplemented with three different Aloe vera portions
(Aloe vera gel pulp, Aloe vera gel extract and a

@ Springer

polysaccharide fraction under static conditions). The
incorporation of Aloe vera extract fractions during
nanocellulose biosynthesis resulted in biocomposites
with changes in the microstructure, chemical compo-
sition and mechanical properties compared to pure
nanocellulose. Moreover, very similar skin mechani-
cal properties were found in the hydrated state for both
BC-60PF and BC-60GP samples. Cell viability assays
revealed a strong adhesion between 1.929 cells and the
surface of BC and BCAC. The results indicated that
this material could be successfully applied as the
scaffold material for several biomedical applications.
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