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Abstract 

Bacterial Cellulose (BC) production from Fermented Rice Noodle Wastewater (FRNW) was 
fermented by Komagataeibacter sp. PAP1. In order to increase the production of BC, the FRNW-based 
medium was prepared and optimized for the cultivation of this bacterium. The optimized FRNW-based 
medium was composed of 5 % (w/v) mannitol, 0.1 % (w/v) beef extract, 0.5 % (v/v) ethanol, 1 % (v/v) 
acetic acid, pH 7.0 which were incubated at 30 °C for 10 days. Under these conditions, BC yielded 11.76 
± 0.34 g/L higher (4.40 fold) than the standard Hestrin-Schramm (HS) medium. The study on growth and 
BC production by Komagataeibacter sp. PAP1 in optimized culture condition showed that BC production 
by Komagataeibacter sp. PAP1 was growth-associated. The bacterial cell of Komagataeibacter sp. PAP1 
increased exponentially from the 3rd to 5th day. The BC paper sheets produced using the obtained BC 
pellicle from an optimized FRNW-based medium gave higher mechanical strength than those from 
standard HS medium. This study reveals the use of FRNW as a substrate for BC production. The results 
indicated that FRNW, which is more environmentally friendly, can be used as an alternative low-cost 
substrate for BC production.  

Keywords: Bacterial Cellulose, Fermented Rice Noodle Wastewater, Paper production, 
Komagataeibacter sp. 

 
Introduction 

Bacterial Cellulose or Bio-Cellulose (BC) is a bio-polysaccharide naturally produced by acetic acid 
bacteria in the genus of Komagataeibacter sp. [1]. Static cultivation methods have been widely used for 
the production of BC, with pellicles of BC being formed on the surface of the static culture [2,3]. In 
recent years, BC has received great attention and has been applied in a variety of commercial applications 
due to its high tensile strength, high purity, and water holding capacity. BC has been used as a raw 
material for producing high-fidelity acoustic speakers, high-quality paper and dietary foods [4]. 
Moreover, BC has also been considered as an alternative source of cellulose because there are some 
properties of BC that are different from the traditional plant-derivers cellulose (PC). They are also 
advantageous for special application such as functionalized paper sheets, which are characterized by high 
strength, high filler load, wound dressing for severely damaged skin such as burns and chronic ulcers and 
electronic paper [5-7]. However, the production cost of BC is still high due to the use of quite an 
expensive culture media, and low BC yield. The factors affecting BC productivity are culture conditions 
such as medium components (carbon source, nitrogen source and supplementary substance), 
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environmental factors (temperature, pH and dissolved oxygen) and cultivation methods [4]. A promising 
approach to reduce the production cost of BC is the optimization of culture conditions of cellulose-
producing microorganism. An inexpensive industrial waste could be a reasonable substrate for the culture 
medium optimization. 
 Some industrial wastes including grape skins aqueous extract, sulfite pulping liquor, thin stillage, 
dry olive mill residue, waste beer yeast, and lipid fermentation wastewater have already been successfully 
used as the supplementary substance or growth medium for BC production [8-12]. Using industrial 
wastes as culture medium could not only provide a cheap method for producing BC, but it could also have 
an environmentally friendly effect by the removal of this waste from the environment.  
 Fermented Rice Noodle Wastewater (FRNW) which is decomposed easily and could result in 
environmentally harmful is produced in large volume by the boiling of fermented rice in noodle 
production. FRNW contains a high concentration of complex organic compounds, nutrient compounds 
and high C/N ratio which could be utilized as substrate for microbial fermentation. FRNW has been used 
as a low-cost substrate for ethanol production by entrapped yeast cell [13]; however, FRNW has never 
been used as a growth medium for BC production.  
 In a previous study, cellulose producing bacteria were isolated from tropical fruits in Thailand and 
Komagataeibacter sp. PAP1 was considered as the most potential BC producer [14]. In this study, the BC 
from Komagataeibacter sp. PAP1 was produced by the use of FRNW as a low-cost substrate. Conditions 
for bacterial cultivation and cellulose production were optimized. In addition, BC paper was prepared 
from the produced BC under optimized conditions. 
 
Materials and methods 

Preparation of inoculum 
 Komagataeibacter sp. PAP1 was used as a BC producer. This bacterium was isolated from rotten 
papaya (Carica papaya). The bacteria produced the highest BC yield in the standard HS medium with the 
optimal growth at 25 - 30 °C and pH 4.5 - 7.0 [14]. 
 Komagataeibacter sp. PAP1 was cultivated on standard HS agar at 30 °C for 48 h. Two loopfuls of 
the bacterium were transferred into a 500 mL Erlenmeyer flask containing 300 mL of sterilized starter 
medium. The starter medium consisted of 5 % (w/v) sucrose, 0.1 % (w/v) ammonium sulfate and 1.0 % 
(v/v) acetic acid. The volume of the starter medium was adjusted to 300 mL using FRNW and the pH of 
the medium was adjusted to 6.0 using 0.1 N NaOH. The starter culture was carried out statically at 30 °C 
for 72 h. 

 
Preparation of Fermented Rice Noodle Wastewater (FRNW) 

 FRNW was provided by a small noodle processing factory in Chachoengsao province. It was 
filtered with a filter cloth to separate the residues and kept at –20 °C. 
 

Production of BC using a FRNW based medium 
The 250 mL conical flask containing 100 mL of FRNW based medium was sterilized by using 

autoclave (ES 315, Tomy SEIKO Co., LTD, Japan). FRNW based medium consisted of 100 mL of 
FRNW, 5 % sucrose, 0.1 % ammonium sulfate, 1 % acetic acid, 1 % ethanol and the pH of the medium 
adjusted to 6.0 using 0.1 N NaOH. After that, 10 mL of the inoculums was transferred into the medium. 
The medium was incubated at 30 °C for 7 days under static condition. BC pellicles formed were washed 3 
times with distilled water, treated with 0.5 M NaOH at 80 °C for 30 min to eliminate residual bacterial 
cells and medium components. Purified cellulose pellicles were washed with distilled water and dried in a 
hot air oven (UNE 600, Memmert, Germany) at 65 °C until a constant weight was obtained. The BC 
production yield was presented as dry weight of BC per volume of culture medium (g/L). 

 
Optimization of cultivation conditions 

 To obtain the maximum BC yield production by Komagataeibacter sp. PAP1, different physical and 
nutritional parameters were optimized using the “One Factor at a Time” (OFT) approach. The following 
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parameters including pH, carbon source, nitrogen source and ethanol concentration were optimized. All 
the optimization experiments were carried out in replications, and data were presented as the means of the 
replicates. The error bars indicated the standard deviation. 
 

Growth and BC production under optimal conditions 
 The growth and BC production of Komagataeibacter sp. PAP1 were studied in 250 mL Erlenmeyer 
flasks under optimal conditions for 10 days. The viable bacterial cells were examined every day using the 
spread plate technique. The cell suspensions used for plating were obtained by vigorously shaking the 
culture flasks to release the bacterial cells from the cellulose pellicles [15]. Then, the flasks were serially 
diluted with 0.1 % (w/v) peptone, and 0.1 mL of each dilution was spread onto an agar plate containing 
an optimized FRNW based medium. The colonies were counted after 3 days of incubation. 
 

Comparison of BC production in optimized FRNW-based medium and standard HS medium 
 Ten ml of the 72 h starter culture were transferred to the 250 mL Erlenmeyer flask containing 100 
mL of optimized FRNW-based medium or standard HS medium (2 % (w/v) glucose, 0.5 % (w/v) yeast 
extract, 0.5 % (w/v) peptone, 0.27 % (w/v) disodium hydrogen phosphate and 0.12 % (w/v) citric acid, 
pH of mixture 6.0). The culture was incubated statically for 10 days. After incubation, the yields of BC 
from each culture medium were analyzed. 
 

Paper production using the produced BC in optimized FRNW-based medium and standard 
HS medium 
 The BC produced in both media was immersed in 0.5 % ammonium hydroxide (v/v) overnight and 
washed 3 times with tap water. Subsequently, the BC pellicles were boiled for 30 min to remove 
ammonium hydroxide and washed 3 times with tap water. The BC pellicles were squeezed to remove the 
water on a pressing machine and then dried at 65 °C for 3 h. 
 

Paper analysis 
Mechanical properties 

 The dried BC pellicles were examined for tensile strength, Young’s modulus and elongation at 
break using Thai Industrial Standard, TIS. 1353. 1997 with a Universal Testing Machine (UTM, model 
TA plus) at a test speed of 0.25 mm/min. For the measurement, rectangular specimens were cut from 
samples with a gauge length of the specimens of 30 mm. Five specimens were performed to present the 
average results. 
 

Scanning electron microscope (SEM) 
 For study a surface of BC, the dried BC sample produced in both culture media was cut and coated 
with gold (Fine coater, model JEC-12000, JEOL Ltd., Japan) A JEOL scanning electron microscope 
(JSM 5410, JEOL Ltd., Japan) was used at 15 kV for sample examination with 30,000 X magnifications. 
 
Results and discussion 

Optimization of medium based on FRNW 
 Fermented Rice Noddle Wastewater (FRNW) contained 11.11 % of carbohydrate and 0.1 % of 
protein that can be a nutrient source for microbial growth in bacterial cellulose production. In general, the 
medium composition and environmental factors affect bacterial cell growth and product formation [4]. 
Four main fermentation factors such as initial pH of culture medium, carbon sources, nitrogen sources 
and concentration of ethanol were chosen for the optimization of BC production by Komagataeibacter sp. 
PAP1 in FRNW-based medium. 
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Figure 1 Effect of initial pH of the culture medium on BC production by Komagataeibacter sp. PAP1. 
Bars show the standard deviations of the mean values. Different lowercase letters above bars for each 
isolates indicate a significant difference at p ≤ 0.05. 
 
 

 
Figure 2 Effect of different carbon sources on BC production by Komagataeibacter sp. PAP1. Bars show 
the standard deviations of the mean values. Different lowercase letters above bars for each isolates 
indicate a significant difference at p ≤ 0.05. 
 
 



BC Production from Wastewater of Noodle Processing  Tanyarat SUTTHIPHATKUL et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2020; 17(11) 
 

1245 

Effect of initial pH of medium on BC production 
 The BC was produced in all pH evaluated and the maximum BC production of 7.15 ± 1.28 g/L was 
obtained at pH 7.0. Fontana et al. [16] indicated that the optimal pH range for BC production is 4.0 - 6.0, 
while Jahan et al. [17] demonstrated pH 4.0 - 7.0 as optimum pH range which is similar to as obtained in 
the present study. This is because the acetic acid bacteria grow well in this range [18]. The result showed 
in Figure 1. 
 

Effect of different carbon sources 
 Various carbon sources at a final concentration of 5 % (w/v) were tested for their effects on BC 
production. As shown in Figure 2, mannitol was found to be the best carbon source with the maximum 
BC concentration of 5.71 ± 1.48 g/L. Ramana et al. [19] reported that glucose, sucrose and mannitol were 
optimal carbon sources for BC synthesis. When mannitol was used as the sole carbon source, the 
maximum BC yield was obtained in the study of Nguyen et al. [20]. In many studies, other carbon 
sources such as fructose, sucrose, xylose, glycerol, arabitol and mannitol have proven to be better carbon 
source than glucose for BC production [21-22].  
 

Effect of different nitrogen sources 
 Different nitrogen sources with concentration of 0.1 % (w/v) were evaluated. As shown in Figure. 
3, the cells of Komagataeibacter sp. PAP1 which was grown in the medium containing beef extract gave 
the highest amount of cellulose (8.38 ± 0.53 g/L). Hungund and Gupta [23] also reported that beef extract 
was the most suitable nitrogen source for BC production. Whereas, Son et al. [24] reported that the 
production of 4.16 g/L BC was achieved with the addition of 0.5 % (w/v) of yeast extract into the medium 
as a nitrogen source when Acetobacter sp. V6 was used. Nitrogen is the main component of protein in 
living organisms. It is necessary for cell growth and product formation [4]. The additional organic 
nitrogen source can stimulate cell growth and BC production. 
 

Effect of ethanol on BC production 
 The effect of alcohol addition on BC production by Komagataeibacter sp. PAP1 was tested. The 
cellulose production was significantly enhanced from 1.66 ± 0.36 to 6.66 ± 0.66 g/L by the addition of 
0.5 % (v/v) ethanol. Thus, it is clear that the addition of ethanol in the culture medium increased the BC 
yield. Ethanol acts as a stimulator for BC production as it is capable of generating the reduced form of 
NADH that lower the redox potential, which is necessary for optimal BC production [25]. At a higher 
ethanol concentration, BC production was declined because high concentration of ethanol could inhibit 
cell growth which result in decreasing BC production [17] (Figure 4). 
 

Studied on growth and BC production on optimized FRNW-based medium 
 Based on the results obtained from OFT optimization, cell growth and BC production by 
Komagataeibacter sp. PAP1 were determined in the optimized FRNW-based medium containing 5.0 % 
(w/v) mannitol, 0.1 % (v/v) beef extract, 0.5 % (v/v) ethanol, pH 7.0. The cultures were grown at 30 °C 
under the static condition. As shown in Figure 5, bacterial cells of Komagataeibacter sp. PAP1 increased 
exponentially from the 3rd to 5th day. A stationary phase was observed after the 5th day of cultivation.  
BC production started after 24 h of cultivation and increased gradually with cultivation time, a maximum 
BC production of 11.76 ± 0.34 g/L was obtained on the 10th day of cultivation. 
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Figure 3 Effect of different nitrogen sources on BC production by Komagataeibacter sp. PAP1. Bars 
show the standard deviations of the mean values. Different lowercase letters above bars for each isolates 
indicate a significant difference at p ≤ 0.05. 
 

 
Figure 4 Effect of ethanol concentrations on BC production by Komagataeibacter sp. PAP1. Bars show 
the standard deviations of the mean values. Different lowercase letters above bars for each isolates 
indicate a significant difference at p ≤ 0.05. 
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Figure 5 Growth and BC production of Komagataeibacter sp. PAP1 in optimized FRNW-based medium. 

 
Comparison of BC production 

 The BC yields from the optimized FRNW-based medium was higher than the standard HS medium. 
The yield of BC obtained in the FRNW-based medium was 11.76 ± 0.34 g/L, 4.40 times higher than that 
(2.67 ± 0.65 g/L) obtained in the latter medium, as shown in Table 1. The results suggested that FRNW 
has some accelerative properties which increase cell growth and BC production. The high productivity of 
BC in the optimized FRNW-based medium compared to standard HS medium, may significantly lower its 
production cost. Many agricultural by-products and wastes have been used as a substrate or 
supplementary substance for BC production because of their low cost. Thin stillage, a wastewater from 
rice wine distillery was used as a supplement in culture medium for BC production and the BC yield of 
10.38 g/L obtained in the medium was 2.5 folds higher than that obtained in the HS medium [9]. 
Pineapple peel juice was used as a substrate in culture medium for BC biosynthesis and the BC yield of 
2.8 g/L obtained in the medium was 1.3 folds higher than that obtained in the HS medium [26]. Coffee 
cherry husk extract was tested as a substrate for BC production. After 2 weeks of cultivation, the 
maximum BC yield was obtained at 6.24 g/L [27]. Citrus waste was also found an effective nutrient 
source for BC production [28]. In this study, the cellulose production of 11.76 ± 0.34 g/L in the optimized 
FRNW-based medium was higher than those observed in the studies mentioned above. Additionally, the 
cost of FRNW is relatively low and potentially applicable for commercial BC production on a large scale. 
 

Analysis of produced BC paper from different media 
 BC paper produced in optimized FRNW-based medium (F-paper) showed higher tensile strength, 
Young’s modulus and Elongation at break than BC paper produced from standard HS medium (H-paper). 
The properties of the F-paper and H-paper are listed in Table 2. Keshk [29] studied the physical 
properties of Bacterial Cellulose sheets produced in the standard HS medium and the presence of 
lignosulfonate (HSL) by Gluconacetobacter xylinus ATCC 10245. The sheets produced in the HSL 
medium showed the higher tensile strength (18.28 N) and Young’s Modulus (606.45 MPa) than in the 
standard HS medium (10.0 N and 331.75 MPa, respectively). The cellulose fibers in F-paper were tightly 
combined whereas fibers from H-paper were less tightly combined and more pore occurred. The scanning 
electron micrographs of both samples are displayed in Figure 6. 
 
 



BC Production from Wastewater of Noodle Processing  Tanyarat SUTTHIPHATKUL et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2020; 17(11) 
 
1248 

 
 

 
 
Figure 6 Structure of BC produced from the standard HS medium (A) and the optimized FRNW-based 
medium (B) with 30,000 X. 
 
 
Table 1 Comparison of BC yields in optimized medium based on FRNW and standard HS medium. 
 

Medium BC yield (g/L) 

Optimized FRNW-based medium 11.76 ± 0.34 

Standard HS medium 2.67 ± 0.65 
The mean of triplicates ± SD 

(B) 

(A) 
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Table 2 The properties of BC paper produced from the standard HS medium and the optimized FRNW-
based medium. 
 

Mechanical Properties H paper F paper 

Thickness (µm) 102.30 ± 4.20 150.25 ± 5.32 

Tensile strength (N/m2) 213.23 ± 3.50 302.15 ± 2.34 

Young’s modulus (N/m2) 2,468.32 ± 24.32 2,834.20 ± 19.02 

Elongation at break (%) 8.05 ± 0.30 12.10 ± 0.46 

The mean of triplicates ± SD 
 
when  H paper is a paper produced by using obtained BC from HS medium. 
           F paper is a paper produced by using obtained BC from optimized FRNW-based medium. 
 
 
Conclusions 

 In this study, Bacterial Cellulose from Komagataeibacter sp. PAP1 was produced by using FRNW 
as a substrate. The appropriated condition for cultivation and BC production were optimized. The highest 
yield of BC production was obtained after growing in the optimized FRNW-based medium consisting of   
5 % w/v mannitol, 0.1 % w/v beef extract, 0.5 % v/v ethanol, 1 % v/v acetic acid, pH 7.0 and incubated at 
30 °C for 10 days. The BC yield was 11.76 ± 0.34 g/L and was 4.4 folds higher than BC yield in standard 
HS medium. The obtained results demonstrated that FRNW can be used as raw material for BC 
production to reduce the production cost and environmental pollution. The bio-cellulose paper using 
obtained BC from an optimized FRNW-based medium had a great mechanical strength than those 
produced in standard HS medium. 
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