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Abstract Microbial cellulose is a pure form of
cellulose with widespread applications. It is very
applicable for medical usage specially wound dress-
ings due to its high liquid absorbency and hygienic
nature. In this study, microbial cellulose formed/
coated on cotton gauze samples during its biosynthesis
in a static medium (Hestrin & Scharm) for 6 days by
Acetobacter Xylinium. Some essential factors of
treated gauze samples, like water absorbency, drying
time (water holding time), and amount of vertical
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wicking were determined and compared with
untreated samples. Results showed that cotton gauze
coating with microbial cellulose increases water
absorbency and wicking ability over 30%, and reduces
drying time about 33%. It can be concluded that
covering of cotton gauze with microbial cellulose can
promote some important characteristics of it specially
for wound dressings.

Keywords Microbial cellulose - Cotton gauze -
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Introduction

Recent advances in the field of biomaterials beside
their medical applications indicate the significance
and potential of various microbial polysaccharides in
the development of novel classes of medical mate-
rials (Bungay et al. 1997; Czaja et al. 2006; Jeon et al.
2009; Kumar et al. 2004). Several microbial-derived
polysaccharides with novel and interesting physical
and biological properties already have been applied
in biotechnology products (i.e. hyaluronic acid,
dextran, alginate, scleroglucan, PLA), (Cai et al.
2009; Czaja et al. 2006; Marchetti et al. 2009; Tan
et al. 2009; Xu et al. 2009). Among them microbial
cellulose (MC) is one of the most promising classes
of microbial polysaccharides.
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It is synthesized in abundance by Acetobacter
Xylinum or other selected microbes (Kumar et al.
2004; Jeon et al. 2009; Goelzer et al. 2009; Yan et al.
2008). Most biosynthesized cellulose originates as a
white gelatinous pellicle, which is called by Brown
(1886) as “Microbial Cellulose”. This kind of cellu-
lose shows a high degree of crystallinity and superior
mechanical properties in comparison with the other
forms of cellulose (Budhionoa et al. 1999; Tsuchida
and Yoshinaga 1997; Klemm et al. 2001; Dubey et al.
2002; Maria et al. 2009; Kurosumi et al. 2009). It
forms on the surface of a liquid medium at 30-40 °C,
in a static or dynamic culture containing a suitable
microbe like Acetobacter Xylinum. This microbe is a
rod-shaped aerobic gram negative bacterium that
occurs as a contaminant in vinegar production (Goel-
zer et al. 2009; Dubey et al. 2002; George et al. 2005;
Pandey et al. 2005). It feeds and turns the glucose and
other suitable organic components into cellulose
(Kurosumi et al. 2009; Keshk and Sameshima 2005;
Keshk 2006). Cellulose synthesis by Acetobacter is a
complex process and involves first polymerization of
single glucose residues into linear o-1,4-glucan
chains, then extracellular secretion of these linear
chains, and finally assembly and crystallization of the
glucan chains into hierarchically composed ribbons.
As a result of these processes, a three-dimensional,
gelatinous structure is formed on the surface of the
liquid medium (Czaja et al. 2007; Dubey et al. 2002;
Oshima et al. 2008). The thick, gelatinous membrane
formed in static culture conditions as a result of these
processes is characterized by a 3-D structure consist-
ing of an ultrafine network of cellulose nanofibers (3—
8 nm), which are highly uniaxially oriented (Czaja
et al. 2006; Klemm et al. 2001; Maria et al. 2009;
Pinto et al. 2007; Svensson et al. 2005).

The physical and mechanical properties of micro-
bial cellulose membranes arise from their unique
structure, which differs significantly from the struc-
ture of plant cellulose. Basically, well-separated nano-
and micro-fibrils of microbial cellulose create an
extensive surface area that allows it to hold a large
amount of water. The hydrogen bonds between these
fibrillar units stabilize the whole structure and give it a
great deal of mechanical strength (Dubey et al. 2002;
Oshima et al. 2008; Czaja et al. 2006; Ciechanska
2004; Charpentier et al. 2006; Backdahl et al. 2006).

The 3-D structure, not found in vascular plant
cellulose (Rezaee et al. 2005; Wan et al. 2006;
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Grzegorczyn and Ezak 2007), results in high cellulose
crystallinity (60-80%) and as high tensile strength,
elasticity, large surface area, and mold ability during
fermentation, etc. (Oshima et al. 2008; Pinto et al.
2007; Hoenich 2006; Wan et al. 2006). The size of
MC fibrils is about 100 times smaller than fibrils in
plant cellulose. This unique nano-morphology results
in a large surface area that can hold a large amount of
water (up to 200 times of its dry mass) and at the same
time displays great elasticity and high wet strength.
Thus, microbial cellulose can absorb much higher
volumes of liquids than plant-derived cellulose mate-
rials (Klemm et al. 2001; Czaja et al. 2007).

The small size of MC fibrils seems to be a key
factor that determines its remarkable performance as a
wound healing system (Czaja et al. 2006; George et al.
2005; Grzegorczyn and Ezak 2007). Furthermore, the
never-dried cellulose membrane is a highly nano-
porous material that allows for the potential transfer of
antibiotics or other medicines into the wound, while at
the same time serving as an efficient physical barrier
against any external infection (Czaja et al. 2006;
Grzegorczyn and Ezak 2007; Pitanguy et al. 1988).

On the basis of its recent clinical performance and
according to the results of other research on the
properties of this particular biomaterial, MC can be
considered an ideal material for high-quality wound
dressings (Dubey et al. 2002; Ciechanska 2004;
Pitanguy et al. 1988).

In this study, it was intended to improve the
conventional cotton gauze with coating its surface
with microbial cellulose to benefit from the supreme
properties of microbial cellulose like high water
absorption ability, and to fill the spaces between
yarns in gauze fabric for more isolation of the wound.

Materials and methods
Materials

Conventional cotton gauzes (plain weaved, 30 Ne
yarn count, number of warp and weft per cm 7 and 10
orderly with quality approval number k/7/19234 from
the Ministry of Health and Medical Education of Iran
prepared from Latif Ltd, Semnan, Iran) used as the
substrate for coating.

Acctobacter Xylinum ATCC 23768 was used for
BC production. The microbe was provided from the
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Medical Sciences Faculty Tarbiat Modares Univer-
sity, Tehran, Iran.

Hestrin-Schramm’s medium culture prepared by
adding glucose 2 g, peptone 0.5 g, yeast extract
0.5 g, disodium phosphate 0.27 g, and citric acid
0.115 g, to 1 liter of distilled water. The prepared
culture mediums were sterilized by autoclaving in
Erlenmeyer flasks and inoculated from the solid agar
culture of G. xylinus (Marchetti et al. 2009).

Methods
Method of culture

To produce single face-coated samples, gauzes were
cut to determined dimensions and placed in culture
medium plates. The cultural medium liquid and the
Acetobacter Xylinium were added to the plates and
after 6 days coated gauzes were collected and washed
with distilled water. Double face-coated samples
were produced by treating each side for 3 days as
mentioned in the procedure.

Static immersion test

The water absorption test was carried out according
to BS 34491 (1990) standard called as “Static
immersion test” for fabrics (like bandages, gauzes
and, cotton for medical applications) with high
capability of water absorption. Weighted dry samples
were soaked in a filled beaker with distilled water for
a minute then hanged for two minutes and weighted.
The water absorption percentage (W) was obtained by
Eq. (1). Each test repeated five times and the mean
values for sample were reported.

W = (M, —M)/M, (1)

where M, = weight of wet sample, and M; = weight
of dry sample.

Water holding time

Drying time of samples was determined based on
T-PACC method. First circular cuts (3.5 inch diam-
eter) of samples were prepared and weighed. Then
gauzes were wetted (sprayed) with 1€ distilled water
and weighted. The reduced weight of samples due to
water evaporation was measured every 15 min until
the weight measuring differences between three

successive measurements reached to a nonsignifi-
cance level. Each test was repeated five times, and the
mean value was reported.

Vertical wicking test

To determine the wicking rate, samples were cut (in
ribbon shape) with dimensions of 170 mm by 25 mm
and placed straight in a beaker containing distilled
water. The height of wicked water in different times
(1, 5, and 10 min) recorded as wicking ability factor.
Each test was repeated three times, and the mean
value was reported.

Microscopic studies

To show the differences between treated and
untreated gauzes after culture, projectina microscope
(MODEL MMP-1000 Sweden) was used. Sample
morphology and microstructure were examined by
scanning electron microscopy (XL-300 SEM, Philips,
made in Netherlands). Samples were sputter coated
with a thin layer of gold to avoid electrical charging.

Results and discussion

It can be seen in Fig. 1 that the grown microbial
cellulose after six days filled and formed a pellicle
between the spaces of warp and weft yarns of cotton
gauze evenly. The weight of formed microbial cellu-
lose on gauze cotton fabric was about 3 x 10™* g/cm?.

The water absorption percentages of samples are
shown in the Table 1. Comparing the data sets by
analysis of variance “ANOVA” shows that the
difference between untreated cotton gauze and
treated ones is statistically significant (Fp,;, = 54.41
> Fritical = 6.926; o = 0.01), but post-hoc range test
(Duncan) showed that (homogeneous subsets of)
means of single and double-coated gauzes are not
different from each other. Both treated cotton gauze
showed about 37 percent more capability in water
absorption in comparison with untreated cotton
gauze.

The micro and porous fibrous 3-D network of
formed microbial cellulose on cotton gauze can be
the most important factor of water absorption capa-
bility increasing. The presence of micro fibrils in
microbial cellulose layer causes a great specific area
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Fig. 1 Microscopic images of cotton gauze (x40), a untreated, b treated after 6 days in Hestrin & Scharm culture media

Table 1 Water absorption (static immersion test) of untreated
and treated gauzes

Table 2 Average drying times (water holding ability) of
wetted untreated and treated gauzes

Sample kind Mean percent of water Sample kind Mean time of
absorption (%)* drying (min)*

Untreated gauze 425 Untreated gauze 45

Single face coated 584 Single face coated 60

Double face coated 582 Double face coated 60

? Each test was repeated five times and the mean reported

that plays a significance role in water absorbency.
This ability is very crucial for a wound dress in which
water, wound exudates, and liquid drugs absorption
abilities are highlighted. As it was mentioned, there
was no significant difference in water absorption
amount for one-side and two-side gauzes, so double-
sided coating is not efficient in increasing water
absorption capability.

Moisture retaining of wound surface (preserving
wet condition during wound care) accounts for a very
important criterion in modern active wound dressing.
Table 2 shows drying average time for each sample.
The difference between untreated cotton gauze and
treated ones is statistically significant (F ., = 93.75
> Friticat = 6.92; o = 0.01), but means of single and
double-coated gauzes are not different from each
other. The average water-holding ability (drying
time) of treated gauze (single or double coated) is
33 percent higher than untreated ones. Holding
capacity of liquids especially water is a fundamental
factor to alleviate the pain and heal the wound.

Test results for vertical wicking ability of different
samples are presented in Table 3. The difference
between untreated cotton gauze and treated ones in
each different times is statistically significant (F a0
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* Each test was repeated five times and the mean reported

Table 3 Vertical wicking ability of untreated and treated
gauzes in different times

Mean height of climbed water (cm)*

Time Untreated Single face Double face
(min) gauze coated coated
2.0 3.0 4.0
5 35 6.0 6.5
10 5.0 7.2 7.2

% Each test was repeated three times and for every time the

mean was reported

(1 min = 112.5); (5 min = 258.33); (10 pmin = 161.33)
> Feitical = 10.92; oo = 0.01). The means of single
and double-coated gauzes are different just at one
minute after starting of the test and then they show no
significant differences between each other. Approx-
imately, the wicking ability of treated gauzes is 30
percent more than untreated ones in different times.
So by covering the cotton gauze with microbial
cellulose, the rate of therapeutic liquid transport to
the wound increases and the rate of exudate absorp-
tion decreases.
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Fig. 2 Single face-coated
cotton gauze by microbial
cellulose after 6 days:

a upward, b downward

Ace N st Magn
1 W30 1000x AE

The SEM micrographs in Fig. 2 show the covered
cotton gauze with microbial cellulose after 6 days
culturing. The image in Fig. 2a shows the formed
layer of microbial cellulose on cotton fibers of gauze
fabric, but the image Fig. 2b shows that there is no
growth of bacterial cellulose on the face of fabric that
was in contact with culture liquid but not air because
the synthesis of bacterial cellulose needs sufficient air
during culturing. According to the previous men-
tioned results no significant difference was shown
between one and double-sided coating in the case of
studied factors, so it is preferable to coat just one side
of gauze fabric with bacterial cellulose.

Conclusion

Microbial cellulose secreted by Acetobacter xylinum
has unique properties including high water retaining
capacity, nano fibrils, proper biodegradability, mold-
ing ability, and high tensile strength. Microbial
cellulose has found many industrial applications in
high-strength construction materials, food additives
and biodegradable products and paper, textiles and
biomaterials for cosmetics and medical applica-
tions, temporary skin substitute and micro vessel
endoprothesis.

In this study, microbial cellulose was considered
as a biopolymer with useful medical application in
order to improve gauze properties. With coating of
cotton gauze with microbial cellulose an approved
wound dress can be produced. The modified gauze
with microbial cellulose shows high capability of
medical liquid absorption and greater dry time, which
are the main feature of modern wound dressing. It is
also possible to encapsulate various medical agents
into this medium according to its unique fibrillar
network.

[t WD p—— 0 a5
6
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