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Preparation of Bacterial Cellulose Powder for

Medical Materials: Part 1
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Ratchaporn Srichan” and Arjn Boonruang5

ABSTRACT

In this research, effects of preparation techniques of bacterial cellulose (BC) powder on
physical, chemical and biological properties were investigated. The BC sheets were prepared by
fermentation with glucose of Thai rice, yeast extract, distilled water and Acetobacter xylinum TISTR
975 for 7 days. The BC sheets were further treated by three different techniques including water,
NaOH and wet grinding treatment. The BC was neutralized, squeezed out water and kept in —20°C.
The BC frozen-sheets were lyophilized at -60°C about 3 days. The BC dry-sheets were finally
pulverized at 20,000 rpm until fine powder was obtained. The characterizations of BC powders were
measured by Scanning Electron Microscopy (SEM), particle size distribution, and X-ray Diffraction
analysis (XRD). SEM micrographs of BC powder obtained from all three treatment methods revealed
nano- /micro- fibrils structures. XRD pattern showed two principle diffraction peaks of 2[1 at 15v
and 22.5° where particle size of water treated BC and wet grinding treated BC powder were about
190 and 716 Wm, respectively. The MTT cytotoxicity of the obtained BC powder was studied using
Human Gingival Fibroblast (HGF) at passage 6. The results showed 97% cell viability which is the
same to that of commercial product. The results were supported that BC powders prepared from

water treated and wet grinding methods can be used as medical materials for the next research.
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1. Introduction

One of the most abundant biodegradable and biocompatible natural polymers is cellulose
which gains much considerable attention for medical applications. Particularly, bacterial cellulose
(BC) is a renewable and biocompatible generally cellulose produced from the fermentation of
bacteria. Due to its biocompatibility and biodegradability, BC provides several potential applications
including wound dressing [1, 2], artificial blood vessels [3] and scaffold for tissue engineering [4],
etc. Among various types of bacteria Acetobacter xylinum is the most popular non-photosynthetic
organism using glucose, sugar and other substrates to produce cellulose. Acetobacter xylinum is a
Gram-negative, rod shaped and aerobic bacterium. Properties of BC differs from regular plant
cellulose in many aspects including network structure, high water absorption, high mechanical
strength and biocompatibility [5]. The appearance of final BC films mainly depends on glucose in
which brownish BC powder is normally obtained. To remove impurities and whiten BC, treatment
method is required using chemical agents. Sodium hydroxide treatment method having a
concentration ranging from 0.1-1 molar, a temperature of 60-100 °C for 1-3 hours is conventionally
applied and BC is then neutralized by acid or excess water [6-8]. Such methods are more complex,
costly and the residue sometime causes cell toxicity.

This research aims to produce BC powder with different treatment techniques including
water treated and wet grinding BC powder and compared to the conventional chemical treatment.
The glucose for fermentation was from Thai rice as source. Physical and biological properties of
those prepared BC powder are characterized for further use in medical application. The properties are

also compared to those of commercial BC powder form Avicel PH-101.

2. Materials and Methods
2.1 Materials

Materials used in this research were glucose which was fermented from Thai rice, yeast
extract, alcohol and sodium hydroxide (NaOH, laboratory grade, pellets) which was supplied by
Sigma-Aldrich, USA. Acetobacter xylinum TISTR 975 was obtained from Thailand Institute of
Scientific and Technological Research.
2.2 Preparation of BC sheets

BC sheets were obtained from fermentation of Acetobacter xylinum TISTR 975. The
cultures were incubated for 7 days at a room temperature in a culture dish. The culture mediums
were composed of glucose, yeast extracts and alcohol. After 7 days of incubation, hydrated BC
pellicles having 3 mm of thickness containing up to 99% of water and 1% of cellulose were

obtained.
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2.3 Preparation of BC powder
2.3.1 Water treated BC powder

BC sheets were rinsed with water for 6 hours then neutralized by DI water. After that,
the sheets were squeezed to get rid of water and kept frozen at a temperature of —20°C and further
dried for 4 days. The BC powder was obtained using high speed grinder at a speed of 20,000 rpm.
2.3.2 NaOH treated BC powder

BC sheets were boiled in 0.1 N NaOH at a temperature of 100°C to remove bacteria for
2 hours. After that, the BC sheets were washed with DI water until neutral pH was achieved. The
samples were squeezed to get rid of water and kept frozen at a temperature of -20°C and further
dried for 4 days. The BC powder was obtained using high speed grinder at a speed of 20,000 rpm.
2.3.3 Wet grinding BC powder

For wet grinding BC powder preparation, BC sheets were rinsed with water for 6 hours
and ground into powder using high speed grinder at a speed of 35,000 rpm. The ground samples
were freeze at a temperature of ~20°C and further dried for 4 days. The BC powder was obtained

using high speed grinder at a speed of 20,000 rpm.

3. Characterization of BC

3.1 Physical properties

The BC sheet and BC powder were examined by Scanning Electron Microscope, SEM
(JEOL, JSM-6400, Japan). X-ray diffraction (XRD) patterns were obtained using nickel filtered Cu
K-O-radiation from 20 to 80 (Shimadzu, XRD -6000/7000). The particle size of the obtained BC
powder and their distribution were analyzed by Mastersizer 2000.
3.2 Biological properties

In vivo testing of BC powder by MTT cytotoxicity test was performed according to ISO
10993-5:2009. The cell Human Gingival Fibroblast (HGF) passage 6 at a concentration of 1x10°
cell/cm” were seeded into 96-well plates and maintained in culture for 24 h in Dulbecco’s Modified
Eagle Medium completed medium (DMEM) under 5% CO, at a temperature of 37°C until
monolayer of cell was obtained. The 0.2 g BC powder was seeded in 0.1 ml of DMEM completed
medium and incubated in 5.0% CO, at a temperature of 37°C for 24 hours. The extracted samples
were separated into two groups i.e. negative control (Thermanox® Plastic coverslips Lot.No.
600562) and positive control (Polyurethane film containing 0.1% zinc diethyldithiocarbamate
(ZDEC): RM-A Lot. No. A-152K). 100 LI of extracted sample were seeded into 96-well plates and
incubated under 5.0% CO, at a temperature of —20°C for 24 hours, >90% humidity. After that the
extracted samples were removed from medium, rinsed once with PBS(1x) then added with 50 WU of
0.1% MTT and incubated under 5.0% CO, at a temperature of 37°C for 2 hours, > 95% humidity.
MTT were washed out once by PBS (1x), added 100 LI of isopropanol and shook for 30 minutes.

The cultured HGF were investigated with microplate reader at absorption wavelength of 570 nm.
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4. Results and discussion
4.1 Morphology of BC sheets
The morphology of the BC sheet was observed using SEM as shown in Figure 1.

a)

Figure 1 The obtained BC sheet a) physical appearance b) SEM micrograph (magnification of
5,000 X)

Figure 2 Water treated BC a) dried BC sheet and BC powder b) SEM micrograph (magnification
of 7,500 X)

a)

&
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Figure 3 NaOH treated BC a) dried BC sheet and BC powder b) SEM micrograph (magnification
of 7,500 X)
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Figure 4 Wet grinding BC a) dried BC sheet and BC powder b) SEM micrograph (magnification of
7,500 X)

a)
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Figure 5 Commercial BC powder from Avicel PH-101 a) dried BC powder b) SEM micrograph
(magnification of 7,500 X)

The obtained BC sheet was yellowish translucent and soft as can be observed in Figure
1a). Figure 1b) shows SEM micrograph of BC sheet revealing interwoven mesh of BC fibril network
with high porosity. After treated, BC powder exhibited a change in appearance i.e. wet grinding BC
powder was white whereas NaOH and water treated BC powder were light-yellow and light-brown,
respectively as observed in Figures 2 to 4. Moreover, the difference in morphology of the resulting
BC powder was also observed i.e. the fibril network of BC sheet transformed to a dense structure
with lower porosity. Figure 4 exhibited remarkable difference in the morphology of BC powder
prepared from wet grinding compared to that of BC powder after treated with water and NaOH. The
wet grinding BC powder showed tough and soft BC powder whereas those BC powder prepared
using water and NaOH was more rigid and flake-like structure. Moreover, the aggregate of BC
powder and enlarge particle size from wet grinding was also noticed. In comparison, such
micrographs of the prepared BC powder were similar to that of commercial product from Avicel PH-

101 as noticed in Figure 5.
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4.2 XRD analysis
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Figure 6 X-ray pattern a) water treated BC powder b) wet grinding treated BC powder ¢) NaOH

treated BC powder produced from Acetobacter xylinum TISTR 975.

The XRD patterns of water treated, wet grinding and NaOH treated BC powder are

shown in Figure 6. Typical BC crystalline phases were observed in all XRD patterns of water

treated, wet grinding and NaOH treated BC powder. Characteristic peaks of BC were identified by
diffraction peaks at 15° and 22.5° which assigned to the cellulose I and 13 phases (1001¢r, 110143
and 0101/3 planes at 15° and 1101 ¢ and 200143 at 22.5° [9, 10]. The obtained XRD patterns were
similar to that reported for Avicel PH-101 commercial BC powder [11].

4.3 Particle size distribution analysis

Table 1 Particle size distribution of water treated, wet grinding, NaOH treated BC powders and

Avicel PH-101 powder.

Samples

Water treated BC powder
Wet grinding BC powder
NaOH treated BC powder
Avicel PH-101

Particle size distribution (Jlm)

d (0.1) d (0.5) d (0.9)
238.565 779.740 1437.588
32.069 190.254 901.995
168.947 716.919 1449.370
6.004 27.955 69.768
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The particle size distributions of all BC powders are summarized as shown in Table 1.
The particle size of water treated and NaOH treated BC powders were similar and bigger than that
of wet grinding BC powder. The result was in consistence with the SEM micrograph. Those values
of water treated, NaOH treated and wet grinding BC powder were in the range of 238 to 1437, 168
to 1149 and 32 to 901 pm, respectively. Such particle sizes of all BC powders were greater than
that of Avicel PH-101 commercial BC powder having the average particle size of 25 pm.

4.4 In vivo testing by MTT cytotoxicity test

Table 2. MTT cytotoxicity test of water treated, wet grinding and NaOH treated BC powders.

Samples % Cell viability = Negative control Positive control Control
Water treated BC powder 97.39 97.82 9.78 100
Wet grinding BC powder 98.07 97.95 9.73 100
NaOH treated BC powder 96.02 96.54 9.67 100

MTT results were directly proportional to the number of living cells. As can be seen in
Table 2, the cell viability of water treated, wet grinding and NaOH treated BC powder were 97.39,
98.07 and 96.02%, respectively which were greater than 70% for 24 hours and no significant
difference was determined. Such results indicated that water treated and wet grinding BC powders
showed no cytotoxicity thus those treatment techniques are potential methods to prepare the BC

powder for further used in medical application.

5. Conclusion

The effects of treatment techniques for preparation of BC powder on physical chemical
and biological properties were observed. The BC sheets were fabricated from glucose of Thai rice
and fermented using Acetobacter xylinum TISTR 975. The BC sheets were then treated by several
techniques including water, NaOH and wet grinding methods. It was found that water treated BC
powder and wet grinding BC powder were suitable techniques to prepare BC powder compared to
the conventional chemical treatment as results of their appearance and cytotoxicity having 97% cell
viability. Such results indicated that water treatment and wet grinding are potential techniques to

prepared BC powder for further used as medical material for further research.
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