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Abstract
Bacterial cellulose (BC) and quince seed mucilage are very promising biological materials. In this study, we reported the 
design and fabrication of a novel biocompatible scaffold with excellent fibroblast cell proliferation, making it a promising 
composite scaffold for wound dressings. The composite scaffold was fabricated by ex situ modification of bacterial cellulose 
by quince seed mucilage. The products were investigated to determine their morphological features, chemical features, and 
thermal and swelling behaviors. Cell culture and proliferation tests were performed to obtain information on biocompatibility 
of the scaffolds. This work indicates the novel scaffold provides great potential in wound dressing for clinical application.
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1  Introduction

A wound can be defined as the disruption or damage to the 
pre-existing anatomical function or structure. Thus, the 
physiological changes in the organism to repair the wound 
is the process of “wound healing.” Wound healing is a fun-
damental yet complex physio-biological process classically 
involving four stages: (1) hemostasis and coagulation; (2) 
inflammation; (3) proliferation; and (4) remodeling. An ideal 
wound dressing should have some properties to improve the 
healing process by protecting the wound from infection, 
keeping a moist wound circumference to enhance epithelial 
regrowth, and absorbing exudates around the wound [1, 2].

Quince is the only member in the Rosaceae family 
belonging to the genus Cydonia. Quince harvest of the 
fruit-bearing and deciduous tree, Cydonia oblonga, it has a 
golden-yellow outer skin and is grown in about every region 

and climate, mostly in Asia, South Africa, Central Europe, 
and in the Middle East with Turkey as the primary producer.

A prominent remedy utilized particularly by Eastern 
medicine since time immemorial, quince has been observed 
to have anti-inflammatory [3], antioxidant [4], and wound 
healing [5] properties over time. Further research on quince 
fruit has likewise proved a positive effect on various diseases 
such as ulcerative colitis [4] and colon cancer [6]. Differ-
ent parts of the quince fruit have been observed to have a 
positive effect on various free radical–related detriments on 
organisms and diseases such as quince leaf [7], seeds [5], 
pulp, and peel [8].

The mucilage obtained via the quince seed-water solu-
tion is a carbohydrate-based biopolymer. As a polysaccha-
ride which can be quickly dissolved in water, it consists of a 
superporous, biocompatible, super-absorbent hydrogel that 
is economical and readily available [9]. The results of vari-
ous studies indicate that the quince seed mucilage has also 
been observed to stimulate a wound healing effect on organ-
isms [5, 10, 11].

Cellulose is a readily available polysaccharide and the 
essential component to the cell wall of green plants. Car-
boxymethyl cellulose, a chemical modification of cellulose, 
is one of the most important polysaccharides widely used 
in the manufacture of wound dressings due to its cost-effec-
tiveness and high demand worldwide [12]. Certain genera 
of bacteria such as Acetobacter xylinum (= Gluconaceto-
bacter xylinus) are equally capable of realizing cellulose 
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production, with Gluconacetobacter xylinus being the most 
efficient and preferred bacterium [13]. Bacterial cellulose, 
through its differing properties from plant-originated cellu-
lose, shows a high degree of polymerization, high mechani-
cal strength, high crystallinity, high water-holding capacity, 
biocompatibility, and moldability [14–16]. The unique prop-
erties of this material show promising results in its medical 
use for wound healing [2, 17–19]. The results of various 
studies indicate that topical applications of BC membranes 
improve the healing process of burns and chronic wounds. 
Different materials have also been integrated with bacterial 
cellulose in order to improve the healing process of burns 
and chronic wounds [2, 17, 18, 20–22].

The present study investigates the wound healing capacity 
of the bacterial cellulose-quince seed mucilage (BC-QSM) 
scaffold through a series of qualitative, quantitative, and 
in vitro analyses with the objective to provide a medically 
used, cost-effective, and biocompatible wound dressing 
material.

2 � Materials and methods

2.1 � Preparation of bacterial cellulose/quince seed 
mucilage composite scaffold

Hestrin-Schramm (HS) medium for Gluconacetobacter 
xylinus ATCC 70,078 consisted of 2.0 wt% d-glucose, 0.5 
wt% peptone, 0.5 wt% yeast extract, 0.27 wt% disodium 
hydrogen phosphate, and 0.115 wt% citric acid, and the pH 

was adjusted to 5.0–6.0 with acetic acid and the BC pel-
licles were prepared as previously reported by our group 
(Fig. 1(a),(b)) [23].

Quince seed mucilage (QSM) was extracted using the hot 
water extraction method as reported in our previous study 
[9, 24]. Briefly, seeds (100 g) were soaked in deionized (DI) 
water for 6 h and heated to 50 °C for 30 min (Fig. 1(c)). 
Separation of extruded mucilage was accomplished using 
a cotton cloth. The extruded mucilage was washed with 
n-hexane and DI water to get defatted and purified mucilage. 
Further, QSM was collected as sediment after centrifuging 
the mucilage. The isolated QSM was then heated in an oven 
at 60 °C to form a dry film. The yield of QSM was calculated 
as approximately 9% based on weight dried seeds.

The wet BC pellicle was placed between two sheets of 
filter paper to remove free water. Then, it was immersed in 
a QSM-dissolved distilled water for 24 h in room condition 
(Fig. 1(c)). After that, it was withdrawn from the vessel, and 
the excess QSM solution was removed using filter paper. 
Finally, it was dried in the oven at 40 °C for 20 h (Fig. 1(e)).

2.2 � Characterization of BC and BC/QSM scaffolds

The structure of the BC and BC/QSM composites with dif-
ferent ratios was investigated by FT-IR analysis (VERTEX 
70, Bruker, Germany). The spectra were collected over the 
range from 400 to 4000 cm-1. The surface morphology and 
the structure of BC, QSM, and BC/QSM scaffolds were 
characterized by scanning electron microscopy (SEM, EVO 
MA-10, ZEISS Inc., USA) with an accelerating potential of 

Fig. 1   Schematic illustration of 
fabrication of bacterial cellulose 
(BC) pellicle and quince seed 
mucilage (QSM) scaffolds. a 
The static phase was performed 
at 28 °C for 14 days and then 
produced BC. b BC pellicles 
were soaked into 0.1 M NaOH 
solution at 100 °C for 2 h for 
alkali treatment, then washed 
with deionized water, and then 
they were autoclaved at 120 °C 
for 20 min. c BC pellicle was 
immersed in QSM for 24 h at 
ambient temperature. d Oven-
dried BC scaffold. e Oven-dried 
BC/QSM composite scaffold. 
f Fibroblasts were cultured on 
the BC and BC/QSM scaffolds. 
g Cell morphology observed 
using a scanning electron 
microscope
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10.0 kV and magnifications of 1000–5000. The oven-dried 
samples were sputter-coated with gold for 60 s.

2.3 � Swelling analysis

The swelling ratios of BC and BC/QSM composite scaf-
folds were determined as reported previously [14]. Briefly, 
a weighed dry scaffold was soaked in PBS (pH 7.4, 37 °C) 
during predetermined time intervals (up to 12 h) at ambi-
ent temperature. The bandage samples were taken out from 
the medium and excess fluid remaining on the surface was 
gently removed by filter paper and reweighed. The swelling 
ratio was evaluated using the following formula:

where Wd is the dry and Ws is the post swelling weight of 
each scaffold after a particular time.

2.4 � Differential scanning calorimetry (DSC) thermal 
analysis

BC, QSM, and BC/QSM samples were weighed as 5.7 mg 
and placed separately into aluminum pans and closed. A 
small pinhole was punched on the top of the aluminum pan. 
DSC analysis of the samples was performed by using nitro-
gen gas with the Hitachi 7000X DSC instrument. Three con-
secutive runs (heating–cooling-heating) were conducted in 
the range of − 80 °C to 260° C with a heating rate of 10 °C/
min.

2.5 � In vitro biocompatibility and cell morphology 
analysis

The BC and BC/QSM scaffolds were cut into 16-mm disks 
and placed into 24-well plates, and then the prepared sam-
ples were sterilized using UV radiation for 2 h and incubated 
with Dulbecco’s modified Eagle’s medium (DMEM) for 24 h 
before cell seeding. Fibroblasts were cultured on the BC, 
BC/QSM, and tissue culture polystyrene (TCP) at a cell den-
sity of 2.5 × 104 cells/well with DMEM supplemented with 
penicillin (100 units per mL), streptomycin (100 µg Ml-1), 
and 10% fetal bovine serum in a humidified atmosphere of 
5% CO2 and 95% air at 37 °C (Fig. 1(f)). After 48 h, BC and 
BC/QSM scaffolds were transferred to a new culture well to 
eliminate the possibility of false positive by cells that may 
have attached on the well. Spent medium was replaced with 
100 µL fresh medium of complete DMEM. Ten microliters 
(10 µL) of MTT was added into every well and cells were 
incubated at 37 °C for 4 h. One hundred microliters (100 
µL) of DMSO solution was then added, and after another 
4 h of incubation, the solution was transferred to a 96-well 

Swelling ratio =
Ws −Wd

Wd
x100

plate and absorbance was read at 570 nm using a spectro-
photometer reader.

At day 2, cell-laden scaffolds were fixed with 2.5% glu-
taraldehyde (Sigma) and then dehydrated through serial 
dilutions of ethanol and dried in air. Dried specimens were 
sputter-coated with gold and observed using a scanning elec-
tron microscope (SEM) (EVO MA-10, Zeiss, Germany) with 
an accelerating voltage of 10 kV (Fig. 1(g)).

3 � Results and discussion

3.1 � Fabrication and structural analysis of BC 
and BC/QSM scaffolds

QSM was successfully isolated using the hot water extrac-
tion method, and the percentage yield was estimated to be 
9 g/100 g of seeds.

The surface morphology of the pure BC, pure QSM, and 
BC/QSM composite scaffold as examined by SEM is shown 
in Fig. 2. Figure 2A presents the SEM images of dried QSM. 
As shown in Fig. 2B, a well-organized three-dimensional 
fibrillary network was observed for pure BC scaffold. On 
the other hand, BC/QSM composite scaffold was even more 
compact probably due to the presence of QSM on the surface 
(Fig. 2C). It was clearly shown that QSM might penetrate the 
pores of bacterial cellulose and interact with the microfibrils 
of BC, which may affect the physicochemical properties. 
While the ribbons and pore structure of the native cellulose 
presented clearly, BC/QSM composite scaffold formed a 
denser network structure and decreased the pore size.

3.2 � Structural characterization, swelling, 
and differential scanning calorimetry 
of the scaffolds

The presence of QSM in the bacterial cellulose scaffold 
was proved by FT-IR analysis. For this purpose, FT-IR 
spectra of QSM, BC, and BC/QSM were recorded and 
compared with FT-IR spectra of a powder blend of these 
excipients as depicted in Fig. 3. In FT-IR spectrum of 
QSM, the presence of characteristic peaks 1730, 1620, 
and 1420 cm−1 reflected the presence of carbonyl group 
(C = O) indicating the presence of uronic acid residues 
in QSM that contains a large fraction of hemicelluloses 
[9, 25, 26]. The band observed at 1730 cm−1 is attributed 
to the carbonyl stretching of –COOH. Furthermore, the 
characteristic band at 1620 cm−1 is due to C = O asym-
metric stretching in carboxylate anion that is reconfirmed 
by another sharp peak at 1420  cm−1 which is related 
to the symmetric stretching mode of the carboxylate 
anion [25]. The presence of glycosidic linkage (C–O–C) 
vibrations in polysaccharide is reflected by the peaks 
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appearing at between 1000 and 1200 cm−1 [9, 26]. The 
broad band performed at 3800–2700 cm−1 is the charac-
teristic stretching peaks of O–H (3600–3100 cm−1) and 
C-H (2950–2800 cm−1) [9, 25, 26]. For the pure BC, a 
broad characteristic band at 3300 cm−1 is attributed to 
O–H stretching vibration. The band at 2940 and 2820 cm−1 
presents the aliphatic C–H stretching vibration [27]. The 
absorbance peak at wave number 1730  cm−1 is attrib-
uted to the hydrogen-bonded carbonyl stretching vibra-
tion [27]. Another sharp band observed at 1080 cm−1 was 
ascribed to the presence of C–O–C stretching vibrations 
[18, 27]. The above-mentioned characteristic bands of BC 

and QSM were present in combination with the BC/QSM 
scaffold, thus confirming that QSM was embedded in the 
BC structure.

3.3 � Swelling study

The capacity to maintain a moisture-absorbing environment 
is a crucial factor for wound dressing materials, and accord-
ing to previous studies, BC addition increases the water 
absorbance and wicking ability. In this study, the percent 
swelling results for BC and BC/QSM composite scaffolds 
for various water contact times are depicted in Fig. 4.

The scaffold composed of QSM showed the highest 
swelling ratio that reached 3681 ± 17% after 6 h while pure 
BC reached the highest swelling capacity 790 ± 8% after 1 h. 
The ex situ QSM-modified scaffolds exhibited the highest 
swelling ratio: 2318 ± 11% after 0.5-h immersion in PBS, 

Fig. 2   SEM images of (A) QSM, (B) BC, and (C) BC/QSM scaffolds

Fig. 3   FT-IR spectra of QSM, BC, and BC/QSM scaffolds
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reached full capacity at 3681 ± 17% after 6 h, and stabilized 
3605 ± 14% after 12 h. These values in each time interval 
are much higher than those observed for the pure bacterial 
cellulose scaffolds, showing the influence of the hydrophilic-
ity of QSM on the liquid swelling capacity of the scaffolds. 
The presence of QSM in the BC/QSM scaffolds resulted 
in the increase in liquid uptake capacity. In case of phos-
phate buffers of pH 7.4, rapid swelling is attributed to the 
deprotonated form of a carboxyl group present in the poly-
saccharide (QSM) resulting in electrostatic repulsive forces 
within polymer chains, and consequently, extensive swelling 
was observed [9]. Due to their high water content, BC/QSM 
composite materials are appealing as a scaffold because they 
resemble natural soft tissue, which includes the skin.

3.4 � Differential scanning calorimetry

Differential scanning calorimetry (DSC) studies of BC-
based scaffold incorporated with QSM were performed to 
further understand the structure and interaction between BC 
and QSM. Melting temperature (Tm) and glass transition 
temperature (Tg) can be associated with the crystallinity of 
the samples [11]. Data of DSC analysis for three different 
samples are reported in Table 1. Examining the values in 
Table 1, the melting point of BC was found to be 63.4 °C. 
While the glass transition temperature of QSM was − 53.8 °C 
and the melting point was 170.7 °C. For the BC/QSM com-
posite, on the other hand, the glass transition temperature 
of QSM in the composite slightly increased to − 53.1 °C, 
whereas the melting point decreased to 152.1 °C. However, 
the addition of QSM increased the melting point of BC to 
75.3 °C in the composite; this could be attributed to the 
larger molecular weight and more hydrophilic nature of 
QSM (Fig. 5).

As a consequence of these findings, incorporation of 
QSM to the composite system had an enhancing effect on 
thermal properties [11]. On the other hand, the thermal prop-
erties of QSM decreased with the addition of BC to the com-
posite; a similar effect was reported in the literature [28]. 
Moreover, the BC incorporation to the BC/QSM composite 
reduced the working range of the material and the thermal 
properties.

Despite the enhanced biological properties, obtained by 
incorporating BC to the composite, the reduced thermal 

properties are compensated by the addition of QSM to the 
system.

3.5 � Cytotoxicity and cell attachment

Wound healing is a complex, dynamic process supported 
by blood cells, extracellular matrix, and parenchymal cells 
[10]. Fibroblasts are the main cell type that promotes neo-
angiogenesis in the regulation of ECM protein production 
for the proper development of blood vessels, secretes all 
extracellular matrix (ECM) components, and produces a 
variety of cytokines and growth factors [5]. The in vitro 
biological properties of BC and BC/QSM were analyzed 
by measuring the cytotoxicity and cell attachment. The 
previous studies reported excellent biocompatibility of BC 
scaffold for animal fibroblast and osteoblast cells [17, 29]. 
Similarly, several studies indicated the ability of QSM to 
stimulate the proliferation of human skin fibroblast [5, 10]. 
The superiority of three-dimension (3D) cell culture has 
been demonstrated compared with TCP (two-dimension, 
2D) cell cultures. Fibroblast cells have demonstrated accel-
erated proliferation and better extracellular matrix synthesis 
on 3D scaffolds compared with that on conventional 2D cell 
culture [29]. Our results revealed that BC and BC/QSM scaf-
folds significantly enhanced the proliferation rate of fibro-
blast cells after 48 h of treatment compared to the 2D cell 
culture; on the other hand, fibroblast cells proliferated slower 
on the BC/QSM scaffolds compared to BC controls (Fig. 6). 
This preliminary experiment suggests that QSM can acceler-
ate wound healing [10]. On the other hand, the proliferation 
of fibroblast cells was reduced in BC/QSM scaffolds (Fig. 6) 
compared to BC controls due to 3D environmental factors 
such as limited nutrient and oxygen diffusion because of the 
reduced porous structure.

Figure 7 shows the cell attachment on pure BC and BC/
QSM composite. Fibroblast cells were seeded on cylinder 

Table 1   DSC data of the BC, QSM, and BC/QSM scaffolds

Tg glass transition temperature, Tm melting temperature

Sample name Tg (°C) Tm(QSM) (°C) Tm(BC) (°C)

BC - - 63.4
QSM  − 53.8 170.7 -
BC/QSM  − 53.1 152.1 75.3
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Fig. 5   DSC thermograms of the QSM, BC, and BC/QSM scaffolds
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scaffolds. After 48 h of incubation, there were many cells 
attached on pure BC scaffolds (Fig. 7(A)). Most of the cells 
remained in round shape, which means the cells do not tend 
to proliferate. For BC/QSM scaffolds, cells adhered and 

completely spread on the surface (Fig. 7(B)). They had many 
pseudopodia and formed a layer on the surface. These results 
indicated that the cells stretched their morphology and were 
increasing. The reason may be due to the incorporation of 
QSM. As introduced before, QSM can enhance cell adhe-
sion and proliferation. QSM can create a natural extracel-
lular environment that is important for cell communication 
and layer formation. It would have potentials to be used as 
wound dressing materials.

4 � Conclusion

BC and BC/QSM scaffolds were successfully prepared in 
this study. SEM images showed that pore structure of BC 
changed morphologically with the addition of quince seed 
mucilage. The presence of QSM in BC led to a more com-
pact fibrillary network with a closed pore structure. Results 
from the increased swelling behavior of BC/QSM composite 
scaffold indicate that it could provide a suitable moisture 
environment for wound healing applications. We reported 
that enhancement of fibroblast proliferation and attachment 
by BC/QSM supports medical use of this natural composite 
scaffold for wound dressing.
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