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Performance Improvement of Hydrophobized Bacterial Cellulose 
Films as Wound Dressing

Abstract: In the wound dressing research field, there is a continuous search for

high-quality materials which present properties superior to those already used.

Bacterial cellulose films are recognized as being effective, but their performance can

still be further enhanced. On the other hand, wound dressings which present surfaces

modified with hydrophobic molecules, such as dialkyl carbamoyl chloride, appear

to be an alternative material, acting as antimicrobial dressings. Based on that, this

paper describes the synthesis of small hydrophobic molecules based on inexpensive

alcohols, such as octyl and benzyl alcohol, conjugated to the hydroxyl groups of bacterial cellulose. The films were prepared using ultra-

sound irradiation and characterized via infrared, as well as for their wettability and water absorption capacity, which showed greater

contact angles and similar moisture retention when compared to unmodified films. Morphological aspects of modified films were ana-

lyzed by scanning electron microscope (SEM) and minimal modification in the structure was found. The hydrophobized cellulose films

showed cytocompatibility with fibroblasts, and antimicrobial activity when compared to native bacterial cellulose films, by reducing the

bacterial load up to 75%. This type of modification on these films is of interest in order to prepare films with better properties as dressings

based on bacterial cellulose.

Keywords: wound dressing, chemical modification, bacterial cellulose, hydrophobic, biomaterial.

1. Introduction

The global market currently has various types of wound dress-
ings, including natural or synthetic polymers and combinations
thereof, with many types implemented, such as films, foams,
hydrocolloids and hydrogels. In some of these, adjuvants such
as drugs, growing factors, peptides and other bioactive sub-
stances may be added to speed up the healing process.1 

The presence of bacteria in the wounds is a factor which
delays the healing process, in addition to presenting the risk of
starting septicemia.2 Thus, the use of antimicrobial agents such
as antibiotics3 and silver4 have been described, and also com-

mercialized in dressings for use on infected wounds.
Another method that has been studied in the literature is the

passive removal of bacterial content from the wound to the
dressing.5-7 This approach is based on the enhancement of the
surface hydrophobic balance of the dressing, which interacts
better with most bacteria cells; thus, causing the removal of these
microorganisms. In addition, it is hypothesized that by using
this mechanism the natural selection pressure is also low, as
there is minimal bacterial death. 

Dressings that use this mechanism are described as dialkyl
carbamoyl chloride (DACC)-covered systems, which have been
shown to be an interesting approach for reducing bacteria, although
there are no studies showing whether the same result can be
achieved via the use of other substances.7 It is interesting to note
that other studies describe the role of hydrophobic molecules in
the antimicrobial activity as a direct action of killing the bacteria by
disrupting its membrane and not by a passive removal of them.8,9

Cellulose is the most abundant, renewable and biodegrad-
able natural polymers found on Earth. One special type, bacte-
rial cellulose (BC), has drawn attention in the medical field due
to its biomedical applications, and has been used to cover the
surface of medical devices, such as stents, and in wound care.
BC is chemically identical to cellulose produced by plants, but is
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free from lignin and hemicellulose.10-12 Furthermore, it presents
different morphological aspects, with a higher degree of crys-
tallinity and nanometric fibers, and is, thus, considered a nano-
material. All these characteristics contribute to its use in the
medical field, in addition to its presenting one of the lowest
cytotoxicity levels among biopolymers. 

In the wound dressing field, bacterial cellulose films present
exceptional performance in the healing process. In addition, they
do not adhere to wound beds; thus, facilitating dressing changes.
However, bacterial cellulose is far from being perfect when con-
sidering all the desired aspects of an ideal dressing.1

Considering this, many research groups have implemented
modifications to bacterial cellulose, particularly at the surface,13-15

seeking to contribute additional features to this polymer. An
antimicrobial action is one such desirable characteristic. Cellu-
lose has no antibacterial activity besides physical protection; thus,
it does not work properly on infected wounds. Some attempts
to give cellulose antimicrobial characteristics have been described,
such as delivery of antimicrobial molecules,16-20 but this kind of
approach usually leads to an increase in bacterial resistance,
albeit at a low level due to topical delivery.

An interesting alternative to produce cellulose films with
antimicrobial activity, but without the release of antibiotics, was
described by Orlando et al.21 In this study, bacterial cellulose
film was modified with small organic compounds that contained
positive charges and hydrophobic chains. This modified film
showed antimicrobial activity and maintained its biocompati-
bility, therefore indicating that this strategy is valid in the search
for antimicrobial films that do not release antibiotics. 

The purpose of this study was to examine the enhancement
of biocompatibility of cellulose dressings due to a decrease in
hydrophilic/hydrophobic balance, and to test the antimicro-
bial activity due the presence of hydrophobic molecules on the
surface of the films. In order to achieve this, films with reduced
hydrophilic/hydrophobic balances were prepared. Cellulose
surfaces were modified with small hydrophobic molecules and
tested for achievement of this property, and resulting antimi-
crobial activity and cytocompatibility.

2. Experimental

2.1. Materials

Reagents were purchased from Sigma-Aldrich and Fluka and
used without purification. Dichloromethane was dried under 3 Å
molecular sieves for 48 h prior to use. The reactions under ultra-
sound irradiation were performed in an ultrasound cleaner -
model Ultra Sônico - USC - 3300 (220 W, 40 kHz).

2.2. Methods

2.2.1. Production of bacterial cellulose

The Acetobacter xylinum ATCC 23769 (Gluconacetobacter xyli-
nus ATCC 23769) bacterial strain was cultivated in a glucose
medium based on the Hestrin–Schramm culture medium. Cel-
lulose was produced as described previously.22 The bacterial cel-
lulose film was purified by immersion in an aqueous solution of

0.1 mol L-1 sodium hydroxide for 1 d. The films were repeatedly
rinsed with deionized water until reaching pH 7.

2.2.2. Analytical methods

2.2.2.1. Liquid-state NMR analysis
1H and 13C spectra were recorded on a Bruker Avance III 400
MHz spectrometer, operating at a frequency of 400.6 MHz for
1H and 100 MHz for 13C, using a 5 mm inverse probe, BBI, at
25℃. Chemical shifts (δ) for 1H spectra are expressed in ppm
and calibrated according to the residual solvent signal (CHCl3; δ
= 7.26 ppm; HOD: δ = 4.76 ppm). Chemical shifts (δ) for the 13C
spectrum are expressed in ppm and calibrated according to the
solvent signal (CDCl3; δ = 77.00 ppm).

2.2.2.2. Fourier transform infrared (FT-IR) spectroscopy

analysis

Infrared spectra were recorded on a Perkin Elmer Spectrum
Two FT-IR spectrometer, coupled to the attenuated total reflec-
tance accessory (ATR/FTIR), with measurements performed
within the range of 4000-400 cm-1 with a resolution of 4 cm-1.
Sixteen scans were performed for each sample, with a resolu-
tion of 1 cm-1.

2.2.2.3. Contact angle measurements

Contact measurements were made by depositing 1 µL of deion-
ized water on the surface of previously-dried films, which were
glued onto double-sided tape, and their behavior was continu-
ously captured using a digital optical microscope (UC500X). The
contact angle was estimated by taking a static image after 10 s
of contact between the water drop and the film surface. The image
was digitally treated for grayscale mode using the GIMP 2.0 soft-
ware). Finally, the estimates were manually performed using
contour lines in each captured image, with angles determined
using ImageJ software. All measurements were performed at
room temperature (25℃) and in triplicate.

2.2.2.4. Water absorbance capacity

For water absorption tests, the membranes were dried in the
desiccator prior to testing. Then, the dry membranes were sub-
merged in 5 mL of distilled water for 24 h. After this period, the
excess surface water was removed with the aid of a sieve, and their
respective masses were noted. Subsequently, the membranes
were kept in the oven at 70℃ for 1 h and the masses (dried) were
determined. This test was carried out in triplicate for three
different films for each sample. The result was expressed as mean
and standard deviation. One-way ANOVA was applied, and differ-
ences were considered in cases where p < 0.005. The water
absorbance capacity was determined by the equation:

% moisture = [(Wwet - Wdry)/Wdry ] × 100 (1)

Where Wwet is the mass of the wet film and Wdry is the mass of
the dried film.

2.2.2.5. SEM analysis

The morphology of the cellulose films was evaluated using Elec-
tron Microscopy of Scanning (SEM) using a Shimadzu equipment,
model SS-550. Before 35 analyses, a thin layer of gold was depos-
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ited on the surface of the sample for make it electrically conduc-
tive. The images were obtained by applying a voltage of electron
acceleration between 10 to 12 kV.

2.2.3. Synthesis

2.2.3.1. Synthesis of monooctylsuccinate

A total of 0.45 g of succinic anhydride (4.5 mmol), 0.391 g of n-
octanol (3 mmol), 0.168 g of N,N-dimethylaminopyridine (DMAP)
(3 mmol) and 6 mL of anhydrous dichloromethane were added
to a 25 mL round-bottom flask. The reaction was kept for 2 h
under constant agitation at room temperature. After the con-
sumption of the alcohol, as observed by thin layer chromatog-
raphy (TLC) (8:2 Hex:EtOAc, KMnO4 solution used as stain), the
mixture was evaporated and rinsed with dichloromethane, and
then separated into two phases via liquid-liquid extraction, and
extracted three times with dichloromethane. The organic phase
was rinsed with 0.1 mol L-1 HCl, then with distilled water until its
pH reached close to neutral. The organic phase was dried over
Na2SO4 and concentrated to produce an oil (0.56 g) with 82% yield.

1H NMR (400 MHz, CDCl3, δ) - 4.15-3.09 (m, 2H), 2.70-2.55 (m,
4H), 1.70-1.50 (m, 1H), 1.40-1.20 (m, 8H), 0.90-0.85 (m, 6H).

13C NMR (100 MHz, CDCl3, δ) - 177.8, 172.31 (C=O), 67.2 (CH2O),
38,7, 30.31, 28.9 (CH2succ), 23.7, 22.9, 14.0, 10.9.

IR spectrum: 3400-2400 (O-H stretching, carboxylic acid),
2950, 2924, 2833 (Csp3-H stretching), 1748 (C=O ester), 1709 (C=O
carboxylic acid), 1157 (C-O stretching).

2.2.3.2. Coupling of monooctylsuccinate to bacterial cellu-

lose film (BC-L1)

First, the films (2 cm × 2 cm) were rinsed with ethanol and
dichloromethane. 0.030 g of bacterial cellulose film (0.185 mmol -
AGU), 0.085 g of monooctylsuccinate (0.37 mmol), 0.0467 g of
diisopropylcarbodiimide (DIC) (0.37 mmol), 0.011 g of DMAP
(0.095 mmol) and 2 mL dichloromethane were added to a falcon
tube. The vessel was submitted to ultrasound irradiation for 1.5 h
at 40℃. After this period, the films were rinsed three times with
ethanol and vortexed for 3 min, followed by three rinses with
distilled water for the same period of time for each rinse. The
films were left to dry at room temperature.

2.2.3.3. Synthesis of monobenzylsuccinate

0.5 g of succinic anhydride (5 mmol), 0.541 g of n-octanol (5
mmol), 0.61 g of DMAP (5 mmol) and 6 mL of anhydrous dichloro-
methane were added to a 25 mL round-bottom flask. The reac-
tion was kept under constant agitation at room temperature
for 2 h. After the consumption of the alcohol, as observed by TLC
(8:2 Hex:EtOAc, KMnO4 solution used as stain), the mixture was
evaporated and rinsed with dichloromethane, then separated
into two phases in a liquid-liquid extraction and extracted three
times with dichloromethane. The organic phase was rinsed with
0.1 mol L-1 HCl, and then with distilled water until its pH was
close to neutral. The organic phase was dried over Na2SO4 and
concentrated to produce a solid material (0.87 g) in 83% yield.

1H NMR (400 MHz, CDCl3, δ) - 7.35 (s, 5H), 5.14 (s, 2H), 2.75-
2.64 (m, 4H).

13C NMR (100 MHz, CDCl3, δ) - 178.1(C=O), 171.9 (C=O), 135.6
(Car), 128.5 (Car), 128.1 (Car), 66.6 (CH2O), 28.86 (CH2succ).

IR spectrum: 3380-2180 (O-H stretching, carboxylic acid),
3028, 3067 (Csp2-H stretching), 2937, 2885 (Csp3-H stretching),
1735 (C=O ester), 1701 (C=O carboxylic acid), 1644 (C=C
stretching), 1170 (C-O stretching).

2.2.3.4. Coupling of monobenzylsuccinate to bacterial cel-

lulose film (BC-L2)

First, the membranes (2 cm × 2 cm) were rinsed with ethanol
and dichloromethane. 0.030 g of bacterial cellulose film (0.185
mmol - AGU), 0.085 g of monobenzylsuccinate (0.37 mmol),
0.0467 g of DIC (0.37 mmol), 0.011 g of DMAP (0.095 mmol) and
2 mL of dichloromethane were added to a falcon tube. The ves-
sel was submitted to ultrasound irradiation for 1.5 h at 40℃.
After this period, the films were rinsed three times with etha-
nol and vortexed for 3 min, followed by three rinses with dis-
tilled water for the same period of time for each rinse. The films
were dried at room temperature.

2.2.4. In vitro cell assays

2.2.4.1. Fibroblast growth test:

2.2.4.1.1. Cell culture

Fibroblast cells (L929) (ATCC® CCL1TM) were cultured with
Dulbecco’s modified Eagle’s medium (DMEM), supplemented
with 10% fetal bovine serum, 100 IU mL-1 penicillin, and 100 µg
mL-1 streptomycin (Sigma-USA), at 37℃ in a humidified atmo-
sphere containing 5% CO2. Fibroblasts were disaggregated by
trypsinization with 0.05% Trypsin/0.02% EDTA (Gibco, Grand
Island, NY, USA).

2.2.4.2.  Assessment of cell viability

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) colorimetric method was used for the assessment of cell
viability.23 After 24 h of incubation of the L929 fibroblast cells,
at a density of 5 × 105 cells mL-1 on the films, 100 µL of MTT (5 mg
mL-1) was added and allowed to incubate for a further 2 h. Then,
the MTT was aspirated and 100 µL of dimethyl sulfoxide (DMSO)
was added. The absorbance was measured at a wavelength of
595 nm using a microplate reader (Molecular Devices, Spectra
Max 190, USA). Cell viability was calculated as a percentage of
surviving cells in relation to the negative DMSO control. The result
was expressed as mean and standard deviation. One-way ANOVA
was applied followed by Tukey’s post-hoc test, and differences
were considered in cases where p <0.005. 

2.2.4.3. Antibacterial activity

The antibacterial activity of the bacterial cellulose film samples
was assessed using the agar disc diffusion method with deter-
mination of zones of inhibition,24 and estimated by counting the
number of cells per mL in a Neubauer chamber. The Pseudomonas

aeruginosa PAO1 gram-negative pathogenic bacterium, contain-
ing 4 colonies, was incubated in Luria-Bertani (LB) medium at 200
rpm, at 37℃ for 24 h. The films were prepared in the form of a
10 mm diameter round disc (BC-L1, BC-L2, BC and Cutimed®

Siltec Sorbact commercial dressing - hydrophobic area only),
sterilized under ultraviolet light for 10 min and then carefully
placed on the surface of Mueller-Hinton agar (MH) containing
the bacteria. They were subsequently incubated at 37℃ for 24 h.
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After that time, the films were removed, washed with distilled
water (1 mL) and the number of bacteria was counted in a Neu-
bauer chamber using an optical microscope. The bacterial load
reduction (R%) was expressed by the equation:

R% = [|(NBC - Nsample)|/NBC ] × 100 (2)

Where Nbc is number of colonies for the unmodified bacterial
cellulose and Nsample is number of colonies for any sample.

3. Results and discussion

The strategy developed in this study takes into consideration
the chemical functionality of the bacterial cellulose surface, in
order to produce a less hydrophilic contact environment of the
film. To achieve this, small hydrophobic organic molecules were
synthesized and then coupled to cellulose films in the heteroge-
neous phase, according to Figure 1.

Two succinyl monoesters were prepared by coupling low-
cost, hydrophobic alcohols (octyl and benzyl) to the succinic
group, and then chemically attaching them to the films via ester
bonds. Initially, the selected alcohol was reacted with a small
excess of succinic anhydride in the presence of DMAP. After
observing that the alcohol was consumed, the reaction was
interrupted by addition of water and the product was collected
in the organic phase as oils, in high yields (80%). The compounds
were identified via 1H (Figure 2) and 13C NMR (Figures S1 and
S2 - Supplementary material) and IR spectroscopy (Figures S3
and S4 - Supplementary material). In the 1H NMR spectra of both
compounds (Figure 2), the relationship of 2:4 of carbinolic hydro-
gens and the two methylenes of the succinic group could be
identified, showing the correct coupling of succinic group to the
respective alcohol. Besides these signals, in the spectrum A of
Figure 2, there are three signals between 1.7 and 0.75 ppm with
integral of 15 hydrogens corresponding to the other hydrogens of
the aliphatic chain of octyl group. In the spectrum B of Figure 2,
besides the signals of methylenes of succinic between 2.75 and
2.64 ppm and the benzylic methylenes at 5.14 ppm, there is a
singlet at 7.35 ppm corresponding the aromatic hydrogens with
integral of five.

The next step was to couple the hydrophobic succinyl mon-

oesters to the cellulose surface. A methodology was developed
to perform reactions mostly on the films, without changing the
bulk polymer, by using ultrasound radiation. The reaction occurs
in a heterogeneous medium using any ordinary solvent.25 To
promote the reactions, coupling reagents such as DIC and DMAP
were dissolved in anhydrous dichloromethane and submitted
to convectional ultrasound irradiation. A control reaction was
performed by using the same reagents and conditions, without
the use of the coupling agent DIC (Figure S5 - Supplementary
material). After 1.5 h, the irradiation source was stopped, then
the films were rinsed and analyzed via IR spectroscopy (Figure 3).

In the IR spectra for both reactions, a similar pattern of
bands could be observed. In addition to the typical bands found
for cellulose, for instance 3000 cm-1 related to O-H stretching,
2980 cm-1 corresponding to C-H stretching and 1200 cm-1 for
C-O bonds, a new signal appeared in both spectra. A band at
1720 cm-1, typical of ester carbonyls, could be observed in the
spectra, demonstrating the presence of the carbonyl hydrophobic
esters in the film. Considering that only the films reacting in the
presence of the coupling agent DIC showed this new band after
the rinsing step, the carbonyl band was considered as a sign of
successful coupling of these molecules to the cellulose films.

In order to characterize the morphology of the surface of the
films and to observe if the chemical reactions had an impact on
its structure, analyzes were carried out by SEM. Figure 4 shows
SEM images with lower and higher magnification of BC-L1(Fig-
ure 4(A) and (B)), unmodified films (Figure 4(C) and (D)) and
BC-L2 (Figure 4(E) and (F)). All of them have a flat and fibrillar
network randomly distributed on the surface, typical of bacterial
cellulose nanofiber strands. It is also observed the well-ordered
three-dimensional network and in several superimposed layers.
In general, the fibril structure is very similar between BC and
BC-L1 films, with a diameter in the range of approximately 44
to 53 nm for both. On the other hand, the structure of BC-L2 film
appears more cohesive, smooth and dense, with slightly larger
diameters, in the range of 50 to 60 nm. Interestingly, the BC-L1
film has pores in its network, randomly distributed, similar to
those found in the unmodified film. The BC-L2 structure has con-
siderably fewer pores compared to other films. These data indi-
cate that the performed chemical modifications smoothly modified

Figure 1. General strategy for the functionalization of bacterial cellulose (BC) films with hydrophobic groups.
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the microstructure of BC-L2. The reaction carried out with the
aromatic compound may have slightly altered the arrangement
on its surface (BC-L2) due to the insertion of these hydrophobic
groups, while the microstructure of BC-L1 is similar to the BC.

To measure the relevance of these chemical modifications in
altering the hydrophilic/hydrophobic balance of the material, a
wettability test (Figure 5) was carried out using water as a sol-

vent, and the contact angle was measured. By obtaining a static
image after 10 s of contact between the drop of water and the
surface, the angles were determined, and measurements were
averaged and compared to the unmodified film as shown on
Table 1.

Formally, hydrophobic materials are considered those where
water drops on their surfaces have contact angles greater than

Figure 2. 1H NMR spectra of (A) monooctylsuccinate and (B) monobenzylsuccinate.
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90o. According to Table 1, it was found that the functional groups
introduced increased the hydrophobicity of the medium when

compared to the observed contact angle found for unmodified
cellulose. Therefore, it is understood that these changes have
increased the surfaces’ hydrophobic character, although they are
still considered hydrophilic. It is important to note that hydro-
phobic structures, especially those containing long carbon chains,
are reported to have antimicrobial activity by interacting with
the bacterial cell wall and driving these cells to death.8,9

Another important characteristic of an ideal wound dress-
ing is the water absorbance capacity, due to the importance of
retaining the excess exudate that occurs in some wounds. Bac-
terial cellulose films are recognized for absorbing many times
their own weight in water, and although this feature can still be
improved, it is considered adequate in these films. For this rea-
son, the water absorbance capacity of these modified films was
evaluated to check whether or not the chemical modification
performed interfered with this parameter (Table 1). The values
observed for the three films showed no statistical difference,
indicating that the modified films can still absorb liquid from
the medium. It is interesting to note that the insertion of hydro-

Figure 3. Infrared spectra of BC (blue line), BC-L1 (red line) and BC-

L2 (black line).

Figure 4. The SEM micrographs of (A,B) BC-L1, (C, D) BC and (E,F) BC-L2.

Table 1. Data from contact angles, water absorbance capacities and fibroblast growth assays of BC, BC-L1 and BC-L2

Membrane Contact Angle (° ± MD) Water absorbance capacity (% ± MD) Fibroblast growth assay

BC 52.7 ± 2.1a 551.19 ± 0.13a

Confluence

~60-80%

Viability

83.07% ± 3.24a

BC-L1 66.5 ± 4.1b 563.17 ± 1.32a

Confluence

~60-80%

Viability

97.51 ± 5.73a

BC-L2 81.2 ± 3.2c 659.71 ± 1.66a

Confluence

~60-80%

Viability

90.58 ± 4.61a

For each columm, means followed by the same letter are not significantly different (P>0.05 ANOVA followed by Tukey’s post-hoc test).
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phobic chemical groups by the technique described in this paper
is able to change the hydrophilic/hydrophobic balance of the
surface; however, the surface still retains the ability to retain
water over time. It is thought that this is due to the functional-
ization occurring more superficially, which allows the water,
after first contact on the surface, to enter the more hydrophilic
layers of the film. This feature, water absorption, is desirable in
dressings, as it reduces the frequency of changes and keeps the
wound bed moist. The ability to keep water in a dressing is directly
linked to the speed of re-epithelialization and protection against
contamination by microorganisms.26 In the case of modified
films, it is interesting to note that although they present a first
hydrophobic layer in contact with water, they still maintain this
characteristic in a statistically similar way to the unmodified film.

These films were analyzed for fibroblast cell growth in order
to verify their growth and cytotoxicity (Table 1).

According to the data, it is observed that the confluence, that
is, the growth of cells on the surface of the films, was similar
among all films. It is understood that the modifications made
did not change how the cells spread over the films. Although an
increase in the viability of the cells could be observed, statisti-
cally all the films have the same performance considering this
parameter. Currently, it is understood that cytocompatibility is
governed by a series of factors and their combinations, such as
morphology, functional groups present and hydrophilic/hydro-
phobic balance.27 In several cases, surface modifications of materi-
als with an ideal hydrophobic balance have already been reported,
wherein cytocompatibility for tissue cells and antimicrobial activ-
ity were also reported.28

Considering that these films were as cytocompatible as the
unmodified bacterial films, they were submitted to an antibac-
terial assay in order to observe their behavior towards bacteria.
Pseudomonas aeruginosa was chosen as the bacterial model,
due to its importance in skin infections. 

In the antimicrobial activity inspection model used, two
parameters can be observed: zone of inhibition and number of
bacteria on the film surface. The samples used were modified
bacterial cellulose (BC-L1 and BC-L2), unmodified bacterial cellu-
lose film, and Cutimed®Siltec Sorbact wound dressing (hydro-
phobic area only) (Figure 6).

No sample presented an inhibition zone for bacterial cell
growth. This result is in line with what was expected, as with
the chemical modifications made to the films it was not expected
that any type of substance would be released in the medium.

Regarding the count of bacteria present in the films, the fol-
lowing	values			were	observed:	8 × 10

3 cells mL-1 for unmodified
bacterial cellulose, 15 × 103 cells mL-1 for commercial dressing,

6 × 103 cells mL-1 for BC-L1, and 2 × 103 cells mL-1 for BC-L2 film.
Considering the unmodified bacterial cellulose as a refer-

ence in this test, the modified films showed a lower quantity of
cells present on their surfaces, while the commercial dressing
presented a higher quantity of cells. It represents a reduction of
bacterial load (R%) in contact with the films by 25% and 75%
for BC-L1 and BC-L2, respectively, in comparison with unmod-
ified bacterial cellulose. Considering the hypothesis of passive
removal of bacterial load as mentioned for the commercial
dressing, the modified films did not show an increased capac-
ity to retain bacteria on their surface; however, this result can
be understood as an antimicrobial action, i.e., inhibition of bac-
terial cell growth on its surface, which is also desirable for the
final application of these dressings. On the other hand, due to
the experimental model, it was not possible to confirm the claim of
the commercial dressing’s ability to remove bacterial cells from
the wound. The hydrophobic layer of the commercial dressing
consists of a checkered weave containing empty spaces, which
ends up being permeated by liquid from the medium where it
is located. When the film was removed from the plate, it was
possible to observe the accumulation of liquid in its weft. This may
justify the increase in bacteria retention on its surface, indicat-
ing that this is a macromolecular effect in this experiment, spe-
cifically the retention of liquid medium containing bacteria, and
not an effect of cell removal due to intermolecular interactions.
In fact, according to a previous study,7 the effect of the bacterial
load reduction factor is not well observed in the data obtained
for the Sorbact Cutmed dressing. In this study, the bacterial
growth in this dressing is greater than in the control group. Thus, a
comparison of these films in this model only allows us to observe

Figure 5. Picture of 1 µL of water on the surface of (A) BC, (B) BC-L1, and (C) BC-L2.

Figure 6. Antimicrobial assay of bacterial cellulose (BC), BC-L1, BC-L2,

and commercial dressing films.
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that fewer bacteria survived (antimicrobial effect) upon con-
tact with the modified bacterial cellulose films.

4. Conclusions

Cellulose films were functionalized with small hydrophobic organic
molecules and then characterized. Both films became more
hydrophobic, although still remained a hydrophilic nature and
retained their ability to absorb water, despite the chemical changes.
These films decreased the population of Pseudomonas aeruginosa

on contact, compared to unmodified bacterial cellulose films
and a hydrophobic commercial wound dressing, thus showing
an antimicrobial effect. The modified films showed cytocom-
patibility for fibroblasts indicating that the hydrophobic surface
interacts well with those cells. This type of modification can
improve the use of bacterial cellulose as a dressing by optimiz-
ing its characteristics for this purpose and being an alternative
for further studier in infected wounds.

Disclosure information: The data of this work were depos-
ited in the form of a patent by the authors and institutions under
the number BR 10 2020 020709 1.

Supporting Information: Information is available on the 13C
and IR characterization of the synthesized molecules, in addition
to the IR spectrum of the films that were reacted under condi-
tions of absence of DIC coupling agent. The materials are avail-
able via the Internet at http://www.springer.com/13233.
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