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ABSTRACT 

Microbial cellulose (C6H10O

characteristics as a highly potential biomaterial. To enhance microbial cellulose concentration 

in aerated and agitated cultivation, the influences of three different saccharides and initial 

glucose concentrations were investigated. Tests on agar slants and in agitated shake flasks 

using glucose, sucrose and lactose media exhibited that the cellulose producer, 

Gluconacetobacterxylinus DSM 46604 resembled good growth on glucose and produced 

cellulose. However, there was negligible growth on sucrose and lactose media. 
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O5)n is a remarkable polysaccharide and has excellent 

characteristics as a highly potential biomaterial. To enhance microbial cellulose concentration 

in aerated and agitated cultivation, the influences of three different saccharides and initial 

rations were investigated. Tests on agar slants and in agitated shake flasks 

using glucose, sucrose and lactose media exhibited that the cellulose producer, 

Gluconacetobacterxylinus DSM 46604 resembled good growth on glucose and produced 

, there was negligible growth on sucrose and lactose media. 
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is a remarkable polysaccharide and has excellent 

characteristics as a highly potential biomaterial. To enhance microbial cellulose concentration 

in aerated and agitated cultivation, the influences of three different saccharides and initial 

rations were investigated. Tests on agar slants and in agitated shake flasks 

using glucose, sucrose and lactose media exhibited that the cellulose producer, 

Gluconacetobacterxylinus DSM 46604 resembled good growth on glucose and produced 

, there was negligible growth on sucrose and lactose media.  

Research Article 

Special Issue 



A. Adnan et al.            J Fundam Appl Sci. 2017, 9(2S), 174-181               175 
 

Further experiments with initial glucose concentrations between 40 and 100 g/L were carried 

out for five days. The maximum microbial cellulose concentration of 1.13 g/L was obtained 

from 50 g/L glucose media.  

Keywords: microbial cellulose; glucose concentrations; shake flasks; 

Gluconacetobacterxylinus. 

 

1. INTRODUCTION 

According to [1], cellulose is the most bountiful organic polymer that is mostly produced by 

vascular plants. Production of cellulose from microbial system can reduce the demand of 

plant-based cellulose [2]. Microbial cellulose, which is produced by an aerobe bacterium, is 

obtained from aerobic fermentation. It possessed excellent features, for example, high degree 

of crystallinity and high degree of polymerization [3]. Compared to plant-based cellulose, 

microbial cellulose has high crystallinity, high mechanical strength and higher purity. The 

latter does not contain lignin and hemicellulose that present in plant-based cellulose [4-5]. 

Due to those properties, microbial cellulose is suitable biomaterial to be applied in paper 

industry, high precision acoustic speakers manufacturing, high quality paper and food industry 

[6-7]. Different saccharides for example oligosaccharides, monosaccharides, alcohols and 

organic acids have been utilized to improve the microbial cellulose production [8-9]. 

Microbial cellulose is secreted by various genera of bacteria for example, Gluconacetobacter 

(formerly known asAcetobacter), Agrobacterium, Aerobacter, Achromobacter, Azotobacter, 

Rhizobium, Sarcina and Salmonella [10]. Microbial cellulose which produced from a 

non-pathogenic Gluconacetobacterxylinus was first outlined by [11]. Most acetic acid bacteria 

can produce microbial cellulose, however Gluconacetobacterxylinus is reported to be the most 

efficient producer [10-12]. The main issue in microbial cellulose production is its production 

is relatively low, thus several attempts have been conducted to improve its yield. In this study, 

the influence of saccharides and initial saccharide concentration on microbial cellulose 

concentration inshake flasks cultivation were investigated.  

 

2. METHODOLOGY 

2.1. Influence of Saccharide Types on G. xylinus Growth 
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The bacterium was grown at 30oC on three different agar slants and three different shake 

flasks containing: Fifty g/L D-glucose/sucrose/lactose, 5 g/L yeast extract, 5 g/L ammonium 

sulphate, 3 g/L disodium hydrogen phosphate, 0.05 g/L magnesium heptahydrate and 20 g/L 

agar. All agar slants and shake flasks were incubated for 5 days. The carbon source that 

produced lavish amount of growth on agar slants was used in further investigation. 

2.2. Influence of Initial Glucose Concentration on Microbial Cellulose Production 

To study the influence of initial glucose concentration, 40, 50, 60, 80 or 100 g per liter 

glucose was supplemented to the media, which contained 5 g/L yeast extract, 5 g/L 

ammonium sulphate, 3 g/L disodium hydrogen phosphate, 0.05 g/L magnesium heptahydrate. 

Culture media pH was adjusted to 6.8 using 1M sodium hydroxide. Trials were carried out at 

for 5 days, with an agitation at 150 rpm in 30oC in 200-mL shake flasks. At the end of the 

experiment, microbial cellulose concentration was determined and the best substrate 

concentration was used for further investigation.  

2.3. Analytical Methods 

Fermentation broth from shake flasks was harvested and homogenized. Collected broth 

samples were centrifuged for 20 minutes at 4000 rpm, washed with distilled water and 

centrifuged again to remove culture media. The washed pellets were treated with 1M sodium 

hydroxide at 90oC for 30 minutes to suspend cells. Subsequently, the microbial cellulose was 

centrifuged again for 20 minutes at 4000 rpm, washed with distilled water and followed by 

drying process at 80oC for 24 hours. The dried pellets were then weighed. 

 

3. RESULTS AND DISCUSSION 

3.1. Influence of Saccharide Types on G. xylinus Growth 

Both agar slants and shake flasks media were prepared aseptically, utilizing different carbon 

sources. All flask was inoculated with cultures of G. xylinus. The aerobic fermentation was 

carried out at 30oC. Shake flasks which were equipped with cotton plug were agitated at 150 

rpm in a shaker incubator.   

After five days, it was observed that small colonies appeared on glucose agar slants. However, 

there was no growth appeared on both sucrose agar slants and shake flasks media. Weak 

growth was observed on lactose agar slants and in lactose shakes flasks media (Table 1).   
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Table 1. Effect of saccharides on growth of G. xylinus DSM 46604 after 5 days on agar slants 

and in agitated shake flasks 

Carbon Sources/Saccharides Agar Slants Shake Flasks 

Glucose + + 

Sucrose - - 

Lactose -+ -+ 

+: positive growth -+ negligible -: no growth 

 

There was lavish growth in fermentation broth and on agar slants containing glucose after five 

days but no visible growth appeared in fermentation broth and on agar slants, which were 

supplemented with sucrose and lactose. Consequently, this result was an unpredicted because 

much studies had employed numerous strains of G. xylinusbacteria on sucrose [15], lactose 

[16] and mannitol [17].  

Due to the major catabolism and anabolism pathways; citric acid cycle and pentose phosphate 

cycle for carbohydrates oxidation, there was a different respond among carbon sources in 

producing colonies and cellulose [18]. In [19] reported that microbial cellulose production on 

sucrose was delayed by 12 hours compared with other saccharides. This scenario occurred as 

sucrose could not be conveyed through the cell membrane and break down to smaller unit of 

monosaccharides, which were glucose and fructose in the periplasm [20]. On the other hand, 

the microbial cellulose production when G. xylinus DSM 46604 is grown on both lactose agar 

slants and lactose culture media also showed weak respond. In addition, data in Table 1 were 

identical to those evaluated by [21] who stated that the IFO 15237 and ATCC 35959 strains of 

G. xylinus did not grow on lactose and sucrose.  

The consequence of this trial is that glucose was the most ideal saccharide for microbial 

cellulose production. Many studies report that microbial cellulose productivity could be 

improved by identifying the suitable carbon source. For example, [22] obtained encouraging 

microbial cellulose concentration when utilized glucose as the carbon source. However, high 

concentrations of glucose can interfere cell mass and microbial cellulose production by G. 

xylinus due to buildup of gluconic acids [23]. 
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Fermenting G. xylinus DSM 46604 in shake flasks with varied glucose concentrations 

revealed an increment in microbial cellulose concentration when glucose was increased from 

40 to 50 g/L. However, a reduction of cellulose concentration when higher glucose 

concentrations (60, 80 and 100 g/L) were applied (Fig. 1).  

 

Fig.1. Influence of glucose concentration on microbial cellulose concentration by G. xylinus 

DSM 46604 

 

3.2. Influence of Initial Glucose Concentration on Microbial Cellulose Concentration 

In [8] reported that microbial cellulose production depleted if initial glucose concentration 

was beyond 40 g/L. However, other scientists have utilized higher saccharide concentrations.  

In [24] utilized 50 g/L glucose, sucrose or mannitol. In [25] also used the same concentration 

of glucose for fermenting microbial cellulose. 

Fifty g/L of initial glucose concentration was found to be an ideal concentration, which is 

identical with the initial glucose concentrations most researchers used, even though [8] 

reported that using glucose concentrations greater than 40 g/L reduced microbial cellulose 

concentration.  

To make a comparison, 50 g/L glucose in this study gave 1.13 g/L (Fig. 1) of microbial 

cellulose concentration which is much lower than 3.5 g/L, obtained by [24] in shake flasks 

cultivation. In [9] cultured G. xylinus ATCC 53582 in lidded glass tubes, obtained 

approximately 0.62 g microbial cellulose from 20 g/L D-glucose media at pH 5. 
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4. CONCLUSION 

The bacteria G. xylinus DSM 46604 secreted microbial cellulose when grown on glucose 

media with conventional nitrogen sources such as ammonium sulphate and yeast extract. 

Supplementing glucose concentrations greater than 50 g/L decreased microbial cellulose 

concentration.  
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