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Abstract: The object of the present study was to produce bacterial cellulose (BC) membranes 
and studying the effect of carbon source, time and conditions of inoculation, type of alkali 
used for purification and the method of drying on its porosity and thickness of the resultant 
membranes. Acetobacter xylinum was isolated from local rotten juice, and used for membrane 
production. The highest porosity was attained when sucrose was used as a source of carbon 
compared to glucose, fructose and glycerol. However, fructose, glucose and glycerol resulted 
in higher pH value for the medium used as medium for bacterial growth. Using glycerol as the 
sole carbon source gave the highest bacterial cellulose and biomass (g/l) as compared to 
glucose, fructose and sucrose. Small inoculation led to high porosities and lowest thickness of 
the resultant membranes. Porosity of membranes was affected by the type of alkali used for 
the purification of the membranes. Application of K 2 CO 3 for purification gave the highest 
porosity while Na OH gave the lowest porosity. Hot air- drying of the membrane resulted in 
the lowest porosity as compared with freeze drying method which did not cause any damage 
to the porosity of the membrane. 
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Introduction 

Bacterial cellulose is a promising natural polymer belongs to specific products of primary metabolism ( Retegi et 
al.2010). Cellulose is synthesized by bacteria belongs to the genera of Acetobacter, Rhizobium, Agrobacterium, 
Psuedomonas and Sarcina (Vu et al. 2008). Many strain of A. xylinum are capable of producing cellulose in varying 
amounts and growing on wide varieties of substrates like glucose, sucrose, fructose, invert sugar, ethanol and 
glycerol (White and Brown 1989). Cellulose production by A.  xylinum had been noted both in static as well as 
agitated cultures (Chao et al. 2000).The most efficient producer is gram-negative and acetic acid bacteria , 
Acetobacter  xylinum (reclassified as Gluconobacter xylinum) (Yamanaka et al.2000) .The bacteria was applied as a 
model microorganism for basic and applied studies on cellulose. Acetobacter xylinum is widely distributed in nature 
and is a common contaminant in the industrial production of vinegar by Acetobacter aceti.  Acetobacter  xylinum has 
been isolated from rotting fruits, vegetables and by fermenting coconut water (Jagannath et al.2008). 

Presently BC is receiving great attention and being widely investigated as a new type of scaffold material due to its 
fine fiber net work, biocompatibility , high water holding capacity , high tensile strength (Putra et al.2008) , high 
crystalline , high degree of polymerization, high purity , elasticity, durability, non -toxic and non- 
allergic(Hei,1999,Backdahl et al.2006, Sherif and Kazuhiko 2006,El-Saied et al.2008,Liet et al.2009,Marzieh and 
Ali 2010,Denise et al.2011). 

In food applications the BC was   used as an additive, emulsifier, dietary fiber, edible preservative and as a barrier 
against bacterial growth (Pacheco et al. 2004, Denise et al. 2011).  Recently, BC is used in many special 
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applications such as a scaffold for tissue engineering of cartilages and blood vessels (Yamanaka et al.1990, Klemn 
et al.1999,2001), as well as for artificial skin for temporary covering of wounds (Krystynowicz  and Bieleck 2001). 
Purified and dried BC was converted to a membrane to be used in the separation processes such as ultrafilteration, 
gas permeation and vapor permeation, and used in paper manufacture (Luz et al.2006, Kuan et al.2009). We believe 
that culture conditions such as type of strain , temperature of growth , carbon source, pH and the method of gel 
purification weather it is done by chemical agent, concentration, temperature or exposition time possibly affected the 
physical properties of the resultant membranes. 

The aim of the present work was to evaluate the effect of growth conditions and the methods of purification on some 
of physicochemical and transparent properties of the resultant membranes. 

Materials and Methods: 

1- Stock culture 
The organism exploited for the production of cellulose in this study was a strain of Acetobacter xylinum 
AJ3 , which was isolated from local rotten apple juice. The cultures were maintained on tomato agar slants 
and were reactivated every month. 
Tomato medium was composed of 50 g/l glucose, 5g/l peptone, 5g/l yeast extract and 10% by volume 
tomato juice at pH 6.8. Stock cultures were stored at 5◦C according to Marzieh and Ali (2010). 

2- Inoculums preparation 
A culture medium composed of 5% glucose, 0.5% peptone, 0.5% yeast extract, 0.27%sodium phosphate 
monobasic and 0.12% citric acid. This medium was autoclaved at 121◦C for 15 minutes. After cooling to 
room temperature, the medium was inoculated with 2.5 ml of the stock culture and incubated in a shaker 
incubator with the use of 200 rpm set at 30◦C for 24h and pH 6.8. The organisms were harvested by 
centrifugation at 10000 rpm for 30 min and re-suspended in liquid medium to prepare the suspension of 
bacteria. 

3- Membranes formation 
Membranes were prepared using different carbon sources including glucose, fructose, sucrose or glycerol 
(35g/l) with 10g/l yeast extract, 7.5g/l peptone, 10g/l disodium phosphate and 10 ml/l acetic acid. The 
media was autoclaved at 121◦C for 15 minutes, inoculated with 6% of the previously prepared bacteria and 
incubated at 30 ◦C for 8 days. 
The effect of incubation period was studied using mediums contained glucose as carbon source using 
6%of inculcation volume from the fermentation medium after (2, 4, 6, and 8) days. Membranes were also 
prepared using different percentages of inoculums (2, 4, 6, and 8%). Yield of cellulose, porosity and 
thickness of the resultant bacterial cellulose membranes were studied. The pH values for each medium 
were measured during fermentation. 

4- Purification 
After 8 days of cultivation, BC was harvested and purified by soaking in a solution of 0.5N NaOH at 90◦C 
for 1h to remove the bacterial cell and other medium components. Then after, membranes were purified by 
Sodium hydroxide, potassium hydroxide, sodium carbonate or potassium carbonate to study its effect on 
porosity of membranes. The purified bacterial cellulose membranes were then dried either in an air- drying 
oven at 80◦C or by freeze- drying. Porosities of the dried bacterial cellulose membranes were determined, 
for membranes dried by either hot air or freeze drying methods. 
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Analytical methods 

 
1- Measurement of biomass 

After the incubation periods of 8 days, the culture broth was centrifuged at 3000 g for 20 min. The bacterial 
cellulose pellets were added to 90ml (0.1M) potassium acetate buffer (pH 5).Ten ml of 20% cellulolasse 
solution was added and incubated at 50◦C with shaking at 100 rpm for 2h to hydrolyze BC (Kouda et al. 
1997).Then, the resultant solution was centrifuged at 3000 g for 20 min. The precipitate was dried in an 
oven at 80◦C over night and then weighted to determine the biomass. 

2- Porosity 
Porosity was calculated using the equation of Kidaoka et al. (1997):- 
Porosity% = (wet weight – dry weight)/ (wet weight –weight in water) x100. 
Dried bacterial cellulose membranes were soaked in deionizer water for more than 12h at room 
temperature, and the weight in water was measured by harnessing the sample in advice which suspended 
the sample in water (Mancini et al.2001). 

3- Thickness 
Thickness of each bacterial cellulose membrane was measured at ten different positions by a thickness 
gauge, and the values were averaged. 

 

Results and discussion: 

Effect of carbon sources on porosity of bacterial cellulose membranes 

 

Figure (1) showed that the highest porosity (80%) of BC membrane was attained when sucrose was used as a source 
of carbon as compared to glucose, fructose and glycerol which gave lower percentage of porosity 70%, 66% and 
65%, respectively. Nakai et al.(1991) warranted that because  A. xylinum has no sucrose synthetase, therefore, at 
least four enzymatic steps in the path way from sucrose to get  UDP- glucose. On the other hand using sucrose as the 
sole of carbon source led to limited growth of bacteria as compared to glucose (Table 1).Fewer amounts of 
microfibriles were produced, which explains the least cell mass, the lowest thickness with highest porosity. Bacterial 
cellulose membrane had the lowest porosity when glycerol was used as the sole carbon source. Table (1) showed 
that the lowest pH was attended when sucrose was used as a carbon source.  However, fructose, glucose, and 
glycerol resulted higher pH values proportionally. 

When glycerol was used as a source of carbon there might be no gluconic acid production during glycerol 
metabolism (Jonas and Farah 1998).It was found that when glycerol was used as the sole carbon source, the BC and 
biomass (g/l) were higher as compared with other carbon sources. The fibrils of BC from glycerol medium were 
entangled with each other resulting in a denser reticulated structure than those obtained from glucose medium (Jung 
et al.2010). When glucose was used as the sole carbon source, the BC yield and biomass were higher than that for 
other remaining carbon source. Due to these results and due to the availability of glucose, it was used as the sole 
carbon source during the following steps of this study. 
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Figure 1. Effect of Carbon source on porosity and thickness of Bacterial Cellulose membrane produced 
after 8 days of cultivation with 5 % (v/v) inoculation volume 

  

Table 1. The effect of carbon source on bacterial cellulose yield and biomass of Acetobacter xylinum. 
 

Carbon source Bacterial cellulose 
     Yield(g/l) 

  Biomass (g/l)    Final pH 

Sucrose 4.23 2.10 3.9 

glucose 7.52 3.24 4.5 

fructose 7.21 3.10 4.1 
glycerol 8.52 4.50 5.2 

  
 

Effect of inoculation volume on porosities and thickness of bacterial cellulose membranes 

The effect of inoculation size on porosities and thicknesses of BC membranes is shown in figure 2. Small 
inoculation led to high porosities and lowest thickness of BC membranes. The results showed that the porosities of 
bacterial cellulose membranes dropped from 78% to 45% with increasing inoculation volume (v/v) from 2 to 
8%.The results showed that the cell growth increased with increasing size of inoculums and that led to increasing 
BC production . Generally, the production of large number of micro fibrils often led to a compact structure and 
lower porosity for the BC membrane. This indicated the possibility of production of BC membrane which have wide 
range of porosity depending on the purpose of BC membrane applications. 
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                         Fig. 2 Effect of inoculation volume on cell growth (Biomass) of A. xylinum , porosity, 
thickness and yields of the bacterial   cellulose membranes 

 

  

The Effect of culture time on porosity and thickness of bacterial cellulose membrane. 

Figure 3 showed the effect of culture time on the porosity and thickness of bacterial cellulose membrane. In the first 
day of cultivation there was no cellulose production. During cultivation, the porosities of bacterial cellulose were 
decreased successively from the second day to the end of incubation period of 8 days. During cultivation, the yield 
of BC, cell mass and thickness were increased with increasing time of culture growth, but porosities were decreased 
due to the accumulation of more fibrils. The secreted cellulose was randomly deposited behind the moving micro-
organism to produce certain porosity of cellulose membranes with three – dimensional network. The movement of 
single cells was caused by the inverse forces of the secretion of cellulose nano fibers. ( Hesse and Kondo 2008). 

Watanabe and Yamanaka (1995) found that oxygen tension in the gaseous phase under static culture conditions 
affected network formation of BC, and the density of network in the gelatinous membrane could be controlled. Then 
by changing oxygen tension we can produce bacterial cellulose membranes with the desired porosities for various 
applications. 
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Fig. 3 Effect of culture time on porosity, thickness, yields, of bacterial cellulose Membranes and cell growth 
(Biomass) of A. xylinum AJ3  with inoculation  volume of 6% . 

 
 

Effect of alkali treatment on porosities of bacterial cellulose membranes 

Treating bacterial cellulose membranes with various alkaline solutions resulted in increases in the porosity of the 
membranes (Figure 4).These results indicated that the diameter of membrane's fibrils were affected by alkaline 
solution in a degree  depending on of alkaline solution. Porosities of bacterial cellulose membranes were found to be 
depending also on the type of alkaline solution and it showed different porosity arranged in descending as K2CO3 ˃ 
Na2CO3 ˃ KOH ˃ NaOH. The diameter of NaOH – treated ribbons of BC which had the lowest porosity was in a 
range of 45 – 130 nm as measured by using microscope stage micrometer, while for K2CO3 treated ribbons of BC 
had the highest porosity and was in a range of 25 – 110 nm. Differences in porosities of BC treated with different 
alkali probably gave higher swelling fibrils of BC. These results were due to increases in diameter of fibrils 
especially the membrane that was treated with NaOH, thus effective pore size available in the membranes. (George 
et al. 2005, Brigid et al. 2009, Weihua et al.2010). By using different alkali treatments resulted in membranes having 
different porosity which lead to a wide range of membrane applications in the laboratories and in industry. 
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            Fig-4- Porosity of bacterial cellulose membranse treated with different alki solution. 
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Effect of drying method on porosities of bacterial cellulose membranes: 

 

Method of drying of BC membranes affected porosity of the membrane. Membranes which were dried by hot air had 
the lowest porosity (62%) as compared to freeze – drying method (88%) (Fig. 5). Freeze – drying was effective in 
preventing the shrinkage of pores during drying (Marabi and Saguy 2004, Svensson et al. 2008).The collapse was 
very severe when hot air drying was used for drying of the high water content materials of the membrane, while the 
collapse was usually negligible when freeze drying method was used for drying similar membranes (Karathanos et 
al. 1996).  
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    Fig. 5 Effect of drying method on porosity of bacterial cellulose  membranes.                                    
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Conclusions 

This work indicated the possibility of getting the required porosity and thickness by varying the production 
media and purification conditions. It is also concluded that bacterial cellulose production as a polymer is 
very wide field for further studies and investment. It is also economical to produce it from local date syrup 
and molasses.  
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