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Abstract

Project Code: RMU 5380024

Project Title: Development of Biopolymer Material for Medical Application
Investigator:  Associate Prof. Dr. Muenduen Phisalaphong, Chulalongkorn University
E-mail Address: Muenduen.p@chula.ac.th

Project Period: 15 June 2010- 15 June 2013

Novel composites of bacterial cellulose (BC) have been developed in order to expand the scope of
applications. The modifying effects of added biopolymers (alginate, chitosan, Aloe vera gel and gelatin) on
physical, chemical and biological properties of the composites were investigated. It was found that at a certain
ratio of the supplement, the modified BC composites displayed homogeneous structures, which exhibited a
certain level of miscibility. The FTIR results demonstrated some specified interaction between the hydroxyl
group of BC and the functional groups of the supplemented polymers. The supplements of these polymers
significantly affected characteristics of porous structures, mechanical properties, water absorption capacity
and biocompatibility. These modified composites have potential applications for a wide range of fields,
including biomedical materials, tissue engineering, drug delivery, immobilization matrices for cells and
enzymes, food packaging and membrane separation. For further work, the study of effects of modification of
BC scaffold in order to giving rise to various types of differentiated cells is recommended. Based on this
research, we can produce 6 international research articles, 1 book chapter, 1 Thai patent, 5 international
conference proceedings and partially support research activities for 2 master degree students and 4 doctoral

degree students.

Keywords: Bacterial Cellulose; Biopolymer; Medical; Cell Immobilization
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onto the BCA sponge, however, the cells were still in round shape
indicat ng that this modified materi al selectively sup ported spread-
ing of HaCat, not GF. Very few cells of both cell ty pes were obse rved
on the alginate sponge.

Preliminary study on tear resistance was performed in water
saturated BCA sponge by using 24 mm surgical needle (18-8 stain-
less steel, spring eye, cutting edge, 3/8 circle, Mani [nc., Tochigi,
Japan)and braided silk US 300(Pearsalls Ltd., Somerset, England) to
suture material only together. The resul tshowed that BCAwas able
1o e sutured, sinee it resisted to the surgical need le and silkinclud-
ing force during the procedure. However further study, especially
in vivo experiment, is required for definite information.

The BCA sponge has the potential to e used as a wound dress-
ing material due to its biocompatibility, structural stabilicy and
good tear resistance. The BC sponge supported growth and s pread-
ing of HaCat and GF cells: however, it could not retain its shapes
throughout the cell culture study (48 h)

4. Conclusions

A novel biocompatible porous sponge from the blend of BC and
sodium alginate has been developed. The blend was fabricated in
the form of a porous sponge by cross-linking with a CaCly solu-
ton followed by a freeze drying process. FTIR analysis indicated
that an intermolecular interaction exists between BC and algi-
nate. The BCA sponge with 30% alginate has advantages in terms
of biocompatibility, high mechanical strength, high water uptake
ability and structural stabil ity. The BCA sponges supported the pro-
liferation of HaCat amd GF cells. The BCA composite sponge was
conceived as a temporary deessing and should be removed every-
day of contact. It had an asymmetric structure consisted of a top
skin layer and sponge-like porous layver. The dense outer layer
helps o prevent bacterial invasion and to avoid wound dehydr a-
ton, whereas the porous support layer provides for the drai nage
of wound exudates and mechanical strength. The pore size of the
sponges fell in the range of 100-500 pm, which is suitable for usage
i tissue engineering. In additon, the sponge had good tear resis-
tance during sewing procedures. Therefore, the BCA sponge has a
good potential o be used in the oral cavity to cover the surgical
wiod .
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4. Conclusions

We have demonstrated the potential use of TSC for repeated
Batch and continuous ethanol fermentation. The immobilization
of 5. cerevisige M30 was performed by adsorption on TSC. Many
advantages, such as reusability, altered mechanical strength, cell
regeneration and high immobilized yield, were achieved and re-
sulted in stable operation with a high ethanol production and high
bicmass density. A comparative study of repeated batch fermenta-
tion showed that the TSC-cell system was more stable than the
conventional free-cell system. A maximum ethanol productivity
of 19.0g/(L h) was obtained at a dilution rate of 0.36 h~" with an
average immobilized yield of 87.0% during the continuous fermen-
tation of blackstrap molasses in a 1 L packed bed reactor. Since the
applications of immobilized cells on TSC shows the potential ben-
efits for ethanol production, the further invest gation of the contin-
wous ethanol Fermentations using immobilized yeast cells on TSC
in a pilot scale is ongoing in order to determine the applicability
of commercial practices.
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Table 1
Concentrationsof products, yields of cellimmobilization (Y; L yields of ethanol(Ypy ) and ethanol prod uctivities (Qp) at 48 hofbatch fermentation using the suspended culture
(SC) and immobilized culture entrapped within AL and BCA fabricated with different BC/AL ratios.

System Ethanol (gfL) Resid ve sugar (g/L) Cells (g/L) e (%) Yo (%) Qp(2/(Lh))
Free cell Immobilized cell
sC 879+ 30 316 +01 46+ 01 - - A7T +£137 1.83 + 006
AL 684 4 29 379413 16401 3.6+ 05 699 £ 09 346 4 4.1 142 4+0.18
BCA
50/50 90.7 + 0.1 25417 15401 3.5+ 03 707 £ 21 462 + 04 1.89 £+ 001
60/40 920 4+ 3.1 263426 18+ 01 51408 744 £15 484 + 23 1.92 £ 007
7030 898 + 12 257422 19+ 00 50+ 03 73.7+19 458 + 12 1.87 £ 003

188m

Fig. 1. SEM images of fresh BCAcarrier(Oh): (A) cross section and (B ) surface and BCA carrier after 72 hof batch fermentation: (C) cross section and (D) acloser look of yeast
cells in a hollow space.

Table 2
Concentrations of products and yields of cellimmobilization (¥, ), yields of ethanol (¥p);) and ethanol prod uctivities (Qp ) at 48h of batch fermentation using the immobilized
culture entrapped within BCA fabricated with different alginate concentrations | ALL

BCA (60/40) Ethanol (gfL) Resid ve sugar (g/L) Cells(g/L) Yi(%) Yors (%) Qe (g(Lh)
Free cell Immobilized cell

[AL) (% by wt.)
15 934 + 32 312401 28 402 53+12 6534 38 495 £ 1.7 195 £ 007
20 938 + 12 317106 25400 48 £ 05 6584+ 28 498 + 05 1954003
25 936 + 01 330400 274+02 55+ 00 66.7+ 16 50.1 £00 1.95 £ 001
30 96 + 1.7 326+06 22404 122421 8434 27 531 £07 2.08 + 003
40 9T+ 36 315411 244+£02 79 +06 7684 3.1 529416 208 £ 008
50 9.0+ 22 336408 21 +02 64 £ 07 75.74 01 531414 2.06 + 005
6.0 991 + 14 352 +06 32106 46 £ 04 5934 25 536 +£09 206 £ 003
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Abstract. A bacterial cellulose-alginate composite sponge (BCA) was developed for use as a cell
carrier in ethanol fermentation. Its hydrophilicity was improved by oxygen plasma treatment. Due to
the etching effect in plasma application, the external surface roughness of treated BCA was increased,
resulting in a decrease of advancing water contact angle. However, oxygen plasma treatment might
not be able to create sufficient hydrophilic functional groups on the internal pore surface of BCA,
where the wyeast cells would be immobilized during fermentation. As a result, under batch
fermentation, no significant difference in ethanol production obtained from the immobilized cell
systems using the treated and untreated BCAs.

Introduction

Immobilized cell {IC) systems have been extensively applied in ethanol fermentation because of
high cell density, short operational time and low recovery cost [1]. Alginate gel is one of the most
common materials used as a yeast cell carrier. However, the dense structure of the gel is the barrier
which causes mass transfer limitation of substrates to the immobilized cells [2]. Also, fast degradation
and low mechanical strength of the gel limit long-term operation in industrial processes. In our
previous works, the sponge composed of bacterial cellulose (BC) and alginate gel was developed for
use as a wound dressing material [3] and a cell carrier for ethanol fermentation [4]. Because BCA had
asymmetric structure consisted of nanoporous layer on the outer and interconnected microporous
layer in the interior, it was a good support material for immobilization of yeast cells in ethanol
fermentation. From a previous report, the increase in hydrophilicity of cell carriers could result in the
accelerations of water and nutrients diffusion into the hydrogel [ 5]. To improve hydrophilicity of the
BCA, the sponge was treated by oxygen plasma. The chemical structure, morphology, contact angle
and uptake abilities of the plasma-treated BCA (P-BCA) were investigated. Ethanol production by
batch fermentation using IC in the P-BCA was compared with that using IC in the BCA and the
suspended culture (SC).

Experimental details

BCA surface modification by oxygen plasma treatment. BCA was fabricated by crosslinking of
alginate chains by calcium salts and freeze drying [4]. BCA in square shape of 2x2 em” with a
thickness of 0.2 cm was treated in a plasma chamber (PC-1100, Samco, US) for 1 3 min each side with
the oxyezen gas flow rate of 40 SCCM and the pressure of 15 kPa.

Materials characterizations. BCA and P-BCA were identified for the chemical structural
information by FT-IR Spectrometer (3X-170, Nicolet, US) in the region of 4000-400 em™. The
surface morphology was examined using scanning electron microscopy (JSM-5410LV, JOEL,
Japan). The samples were coated with gold and photographed at an accelerating voltage of 15 kV.
The advancing water and ethanol contact angle were assessed by Washburn capillary rise technique,
as described in [6].

All rights reserved. Mo partef contents of fie may be repmduced of Fanamified in any fonm of means without 1he wiitlen permizsion of TTR,
weara. .0t (10 161 200,88, 17 218/05/13,000107) ¥ a By any
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Water/ethanol uptake ability was determined by immersing the pre-weighted of dried samples in
distilled water/98% of ethanol at room temperature until equilibration. The weight of the swollen
samples was measured. All testing was run in 5 times. The water uptake ability was determined by
using the following equation:

water/ethanol uptake ability = (W, =W, ) g, AW, p2,). (n
where W _and W, represent the weight of wet and dry samples, respectively and g,and o, represent

the density of material and liquid, respectively, by assuming 2, = 2 itpoee = 1.25.

Ethanol fermentation. Starter culture was obtained by transferring cells from an agar slant into
150 mL sterilized cultivation medium. Cell culture was cultivated in a refrigerated incubator shaker
{Innova 4330, New Brunswick Scientific, US) at 150 rpm, 33°C for 20-24 hours. The cells were
concentrated by decantation to obtain stock cell suspension.

To immobilize cells into the materials, stock cell suspension of 10 mL and 2.5 g of the sterilized
BCA and P-BCA in square shape of 2x2 em” with a thickness of 0.2 em were added to 250 mL
sterilized culture medium and incubated at 33°C, 150 rpm for 20-24 hours. For batch ethanol
fermentation, cane molasses was used as a substrate for ethanol fermentation. Experiments were
initialed by transferring suspended cell culture or immobilized cell culture into 250 mL of the
medium. Fermentation flasks were then shaken in the incubator at 150 rpm, 33°C for 72 h. The
experiments were monitored by removing 2 mL samples every 8 h for sugar and ethanol analyses.
Ethanol concentration was analyzed by a gas chromatograph (GC-7 AG, Shimadzu, Japan) equipped
with a flame ionization detector.

Results and discussion

Characterizations of the materials. After BC A was treated with oxygen plasma, it was immediately
analyzed for chemical functional structure using FTIR spectra. FTIR spectra adsorption bands of
BCA and P-BCA were compared {Figure not shown). It was noticed that there was no alteration of
carbonyl and carboxyl groups in P-BCA when compared with BCA. The spectra bands of BCA and
P-BCA were very similar. Generally, during the plasma process, hydrogen atom on polymeric chain is
abstracted or polymeric chains are split, and free radicals are created by plasma. Afterward, the free
radicals are activated to incorporate with a gas [7]. The incorporation of cellulose and oxygen
mechanism (oxidation reaction) was proposed by Calvimontes et al. [8], and carbony] and/or carboxyl
groups would increase after cellulose was treated with oxygen plasma [8-10]. However, in this work,
oxygen plasma was unable to create detectable hydrophilic functional groups on the surface of BCA.
Due to the complex 3D structure of BCA (the intermolecular interaction between hydroxyl group of
cellulose and carboxyl group of alginate [3]), the incorporation of cellulose and oxygen mechanism
might not be the same as those of pure cellulose materials.

o _\ I&m E 125 : g
Fig. | SEM images of BCA surface (A)and P-BCA surface (B).
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The surface morphologies are shown in Fig. 1. Surface area of P-BCA was damaged by oxygen
plasma treatment as shown in multiple surface cracks in Fig. 1B. The etching effect on material
surface has been observed by applying plasma [9, 11, 12]. The surface of P-BCA appeared to be
rougher as compared to that of BCA. A rougher surface might enhance cell adsorption. However, due
to the nanoporous and relatively denser outer layer of the BCA sponge, the amount of plasmatic
oxygen ions reaching the interior surface of the sponge could be limited.

16
Table 1. Advancing water and advancing ethanol

contact angles obtained by WCR using 17 4
tubes packed with 500-2000 pm powders

Fond
E
o
. o a8
Advancing contact angle () |
Material :t.‘L
Water Ethanol 4 A
BCA 758423 312435 0 :
Water Ethanol
P-BCA 51.7+1.0 345+ 78

Fig. 2 Uptake ability of BC A (white)
And P-BCA (gray)

The contact angle was used to identify the improvement of the material hydrophilicity. The
advancing water and advancing ethanol contact angles are summarized in Table 1. The advancing
water contact angle of P-BCA was significantly lower than that of BCA (=24° difference). But, the
advancing ethanol contact angles were similar. These results showed that the hydrophilicity of P-BCA
was enhanced by oxygen plasma treatment. According to the results of FT-IR and SEM, a cause of the
improvement of P-BC A hydrophilicity is likely the increase of surface roughness. Zemljic et al. [13]
claimed that the major effect on the increase hydrophilicity of the material treated with plasma was
the formation of new functional groups but might also be the morphology change and/or cleaning
process.

BC A and P-BCA were immersed in water/ethanol to determine the uptake abilities and the results
are presented in Fig. 2. There was no significant difference in water/ethanol uptake abilities between
treated and untreated BCA, which could probably be the result of little to, no formation of hydrophilic
functional group in the interior of the BCA sponge with oxygen plasma treatment.

10

Ethanol concentration (% wiv)

.
0 516 24 32 40 48 56 64 72 RO
Time(h)

Fig. 3 Profiles of ethanol concentration of batch fermentations using SC (solid line) and
ICs in BCA (dashed line) and P-BCA (dot-dash line)
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Ethanol fermentation. Ethanol production using IC in P-BCA was compared with those of IC in
BCA and suspended cells, as shown in Fig. 3. Ethanol concentrations obtained from IC in P-BCA
were almost equivalent to those in BCA. The ethanol fermentation by IC in both BCA and P-BCA
carriers showed comparable productivity to that of the SC system. The main reason for no substrate
limitation in the IC systems was that the inter-connected macro porous structure in the interior of the
BCA facilitated the transmission of substances and products between the carrier and the medium. The
etching of plasma on BCA surface did not show significant effect on ethanol production.

Summary

The hydrophilicity of BC A sponge was improved by oxygen plasma treatment. It was shown that the
water contact angle was decreased because of increasing surface roughness by etching effect. No
formation of new hydrophilic functional groups on P-BCA was detected. There was no significant
difference in water/ethanol uptake abilities between treated and untreated BCA. Consequently, there
was no significant difference in ethanol production obtained from the systems of IC in P-BCA and
BCA. Oxygen ions might not be able to incorporate with the 3D chemical structure of BCA due to its
complex chemical and physical structure.
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