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Background and Aim: Bacterial cellulose (BC) is a highly pure 

polymer produced by different bacterial species as Acetobacter, 

Gluconobacter, pseudomonas and Sarcina. Because of its unique 

properties, it has been used in different industrial applications. 

Kombucha tea (KT) is a popular drink that is obtained from the 

fermentation of a sugared black tea with a precultured tea fungus 

sample which  is a symbiotic association of bacteria and yeasts; 

forming a thick pellicle of BC as a secondary metabolite. Using BC on 

a large scale in different industries is limited because of the high costs 

of production process and the low yield of the produced BC. Scientists 

began to use different wastes as alternative carbon and nitrogen sources 

to decrease the costs of the production process. So, the aim of this study 

was the isolation and identification of cellulose producing bacteria from 

kombucha tea, testing the efficiency of the isolated bacterial strain in 

producing BC in media formulated with treated beet molasses or acid 

whey as a carbon source and corn steep liquor as a nitrogen source, 

evaluation of the produced BC paper sheet of the media with the 

highest yield in terms of Scanning Electron Microscopy (SEM), Fourier 

Transform Infrared Spectroscopy (FT-IR), X-Ray Diffraction, tensile 

strength and degree of polymerization. 

Methods using: Isolation of the bacteria responsible for producing 

cellulose from kombucha tea using the Hestrin- Schramm (HS) and 

CaCo3 media, the identification of bacterial isolate according to its 

morphological, biochemical characteristics and molecular character 

ization using the 16S rRNA gene sequence, production of BC using the 

isolated bacterial strain on media formulated with different industrial 

wastes, characterization of the produced BC with the highest yield by 

SEM, FT-IR and with X-Ray Diffraction. Determination of the tensile 

strength and the degree of polymerization of the BC paper sheet. 

Results: The morphological, biochemical characterization revealed that 

the isolated bacteria belongs to the Acetobacter sp. The identification 

using the 16S rRNA indicated that the gene sequence of the isolated 

bacteria was very similar to the Acetobacter Pasteurianus IFO 
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3283- 01. The highest yield of BC was obtained in the TMCSL media 

(7 g/l), followed by that obtained in AWCSL media (5.83 g/l). The BC 

paper sheet produced in TMCSL media was characterized where the 

SEM analysis showed the high porosity, three dimensional structure of 

the produced BC. The BC paper sheet was characterized by high degree 

of polymerization (2597), high crystallinity (88.9%) and high tensile 

strength value (96.72 MPa). 

Conclusions: According to the obtained results, it was concluded that 

using low cost wastes as treated molasses; acid whey and corn steep 

liquor as alternative carbon and nitrogen sources for producing BC 

decreased the production costs and increased the yield of the obtained 

BC. Also, the strain Acetobacter Pasteurianus IFO 3283-01 isolated 

from kombucha tea gave high yield of BC in the TMCSL media, this 

BC paper sheet was characterized by high crystallinity, high tensile 

strength and high DP value. Considering these obtained results, the 

produced BC can be used in different industrial applications because of 

its unique properties. 
 

 Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Cellulose is the most wide spreaded homopolysaccharide in nature (Lin et al., 2014), it consists of repeating units of 

the monosaccharide D-glucose which are linked together by β (1, 4) linkage. Most of the cellulose used in industrial 

applications is from plant origin (Brown, 2004), but the continuous extraction of cellulose from plants cause 

decreasing in the cultivable areas causing imbalance in the environment (Park et al., 2003). In addition to that plant 

cellulose is impure as it is combined with hemicellulose and lignin (Jung et al., 2005) and need high costs to purify 

it. So, scientists began to incorporate BC in different industries instead of plant cellulose (Lin et al., 2013) because 

of its unique properties as high crystallinity, high purity, high degree of polymerization, high tensile strength and 

high water holding capacity (Lin et al., 2014; Ul-Islam et al., 2012). 

 

Kombucha tea (KT) is a popular drink that is obtained from the fermentation of a sugared black tea with a tea fungus 

that is a symbiotic association of acetic acid bacterial species as Acetobacter; Gluconobacter; Komatiobacter; 

Sarcina; pseudomonas species and yeast species as Saccharomyces; Zygosaccharomyces (Watawana et al., 2016), 

Candida or Torutospora (Marsh et al., 2014) for 14 days (Jayabalan et al., 2014). Ethanol and many organic acids as 

gluconic acids, acetic acid and lactic acid are the main metabolites in the broth (Vīna et al., 2013). At the end of the 

fermentation time, a thick pellicle of cellulose was formed at the surface of tea broth as a secondary metabolite 

(Watawana et al., 2016). 

 

Using BC on a large industrial scale is limited (Moon et al., 2006) because of the high costs of production process 

that reachs to about 65% of the total production costs and the low yield of the produced BC (Koutinas et al., 2012). 

Using different agro-industrial wastes in the fermentation media for production of BC solve some environmental 

issues as they cause a reduction in the cost of producing cellulose (Kiziltas et al., 2015), decreasing the 

environmental pollution which result from wastes accumulation in nature (Arauz et al., 2009) and these wastes 

contain many nutritional supplements which increase the yield of the produced cellulose (Cakar et al., 2014). Many 

wastes have been used as carbon sources as they are rich in sugars which can be easily used by microorganisms as 

an energy source (Rosales et al., 2005) such as bagasse hydrolysate (Cheng et al., 2017), the pullulan fermentation 

waste water (Zhao et al., 2018); glycerol remaining from biodiesel production and grape bagasse from wine 

production (Vazquez et al., 2013); coffee cherry husk extract (Rani et al., 2013); Coconut water (Watawana et al., 

2015). 

 

In this study, Molasses which is the by-product obtained from the production of sugar from cane or beet has been 

used as alternate carbon source of its low cost and the presence of important components, as organic compounds, 

proteins, minerals and vitamins which are very useful for the fermentation process (Rodrigues et al., 2006). It has 

been used as excellent carbon source as reported in (Keshk and Sameshima, 2006; Malbasa et al., 2008; Singh et al., 

2017; Tyagi et al., 2015). Acid whey which is the liquid fraction remains from the cheese manufacture process from 

milk has been used as a carbon source or a nutrient medium as it contains many valuable nutritional components like 
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lactose, amino acids, many minerals and some group B vitamins as reported by (Jozala et al., 2015; Swanporsi et al., 

2014). Corn steep liquor is the by-product obtained from the production of starch from corn also has been used as 

alternate nitrogen source in the culture medium as it contains some essential amino acids, few carbohydrates, some 

vitamins and mineral salts which are essential to most of the bacteria as mentioned by (Rani et al., 2011; Vazquez et 

al., 2013). Costa et al. (2017) reported that using CSL as an alternative nitrogen source in the medium caused an 

increasing in the yield of the cellulose as it contains lactate which induces the production of BC. 

 

The aim of this study was the isolation and identification of cellulose producing bacteria from kombucha tea, testing 

the efficiency of the isolated bacterial strain in producing bacterial cellulose in media formulated with treated beet 

molasses or acid whey as a carbon source and corn steep liquor as a nitrogen source, evaluation of the produced BC 

paper sheets of the media with the highest yield in terms of SEM analysis, FT-IR Spectroscopy, X-Ray Diffraction, 

tensile strength and degree of polymerization. 

 

Materials and Methods:- 
Isolation of bacteria responsible for BC production:- 

For the isolation of cellulose producing bacteria from the kombucha tea fungus, a kombucha tea fungus sample from 

a previously prepared KT was cut into very small pieces, a sterile saline was added to it in sterilized conditions and 

then they were shaked for 24 hours at 30
o
C. The obtained cell suspension was serially diluted and then cultivated in 

Hestrin Schramm medium (HS medium) that consists of glucose (20 gm),yeast extract (5 gm), peptone (5 gm), 

Na2HPO4 (5 gm),citric acid (1.15 gm) and agar (20 gm), all were dissolved in 1 litre distilled water, pH of the media 

was adjusted to (6) by using 1N acetic acid and the cell suspension was also cultivated in Gluconobacter Oxydans 

medium that consists of Glucose (100 gm), yeast extract (10 gm), CaCo3 (20 gm) and agar (20 gm) and all were 

dissolved in 1 litre distilled water, pH of the medium was adjusted to (6.8) by using 1N acetic acid. About 0.1g/l of 

the antibiotic cycloheximide was added to each media to prevent the growth of the yeast cells. Then the petriplates 

were inoculated and incubated at 30°C for 2–3 days. 

 

Identification of the isolated cellulose producing bacteria:- 

Morphological and biochemical characterization of the isolated bacteria:- 

The bacterial isolate was identified based on its morphological and biochemical characterization. The morphological 

characterization of bacterial cells and colonies was determined under 400 X magnifications including gram stain 

test, morphology and size of the cells. The biochemical characterization of the bacterial isolate include many tests as 

''catalase test, oxidase test, methyl red test, indole production test, oxidation of acetate, oxidation of lactate and over 

oxidation of ethanol which were performed according to methods in the Bergey
,
s Manual of Systematic 

Bacteriology (Kadere et al., 2008).The bacterial isolate was preserved by subculturing in HS agar slants for further 

investigations. 

 

Molcular identification of bacteria:- 

The isolated bacterial strain was identified using the 16S rRNA sequences analysis. Firstly, the genomic DNA of the 

bacterial cells were extracted using the forward primer (5`AGAGTTTGTCCTGGCTCAG3`) and the reverse primer 

(5`TAAGGAGGTGATCCAGGC3`) for PCR analysis. RCR reaction was performed in volume 50 µL by the 

following settings: one initial denaturation cycle at 95
o
C for 10 minutes, 40 amplification cycles (95

o
C for 30 Sec, 

65
o
C for 1 min and 72

o
C for 1.5 min), for denaturation, annealing and extension respectively. At last, a final 

extension occurred for 10 min at 72
o
C. The PCR product was run in1.2% agarose gel for 1.5 h at 100 V, stained in 

0.5 μg/ml ethidium bromide solution and then the PCR product was purified and sequenced using the forward and 

reverse primers. 

 

The 16S rRNA sequence read was analyzed using BLAST (Nithya and Bhaskar, 2013) and was aligned against 

National Center for Biotechnology Information (NCBI) Genbank (US National Library of medicine, Bethesda, 

Mary-Land, USA) databases to identify the 16S rRNA read. 

 

Production of bacterial cellulose in media contained wastes:- 

The isolated bacterial strain was inoculated in 100 ml volume of media formulated from 10% treated molasses with 

1N H2SO4 (TM) as a carbon source and 1% corn steep liquor (CSL) as a nitrogen source and also in another media 

of 100 ml volume formulated from 10% acid whey (AW) as a carbon source and 1% corn steep liquor as a nitrogen 

source. The two media were incubated at 30
o
C for 14 days in static conditions. After the incubation period, the 

bacterial cellulose pellicles were harvested from the media, rinsed with distilled water and gently dried between two 
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tissue papers to remove the excess water and weighted to determine the wet weight. To detect the yield of the 

produced BC, the pellicles were dried in an oven at 60
o
C till constant weight and weighed to determine it. 

 

Purification of the produced bacterial cellulose:- 

The produced BC pellicle was washed many times with distilled water then boiled with 1N NaOH for 30 minutes at 

90
0
C (Keshk and Sameshima, 2005) and after that the pellicle was washed again with distilled water and rinsed in 

water over night then it was squeezed using a presser for 4 minutes at 40 Kg/cm
2
, then dried at 100

ᵒ
C in a rotating 

drum to obtain the BC paper sheet. 

 

Characterization of the produced bacterial cellulose:-  
The paper sheet of the BC pellicle with the highest yield was characterized using: 

 

Scanning electron microscopy (SEM):- 

SEM was performed for the BC sheet to study the morphology and the surface of the samples using a Jeol JXA 

840A system running at 5–10 keV. Before scanning, the sample was coated with gold using a sputter coater system 

(Edwards Sputter Coater, UK). 

 

 X-Ray diffraction:- 

X-ray diffraction (XRD) patterns were recorded by an X-ray diffractometer BRUKER D8 advanced Cu target, 

wavelength 1.54 A, 40 kV and 40 mA, Germany. The crystallinity index of the bacterial cellulose sample is 

calculated by using the intensity of (200) peak and the minimum intensity between (200) and (1Î0) peaks as the 

intensity of (200) peak represents both crystalline and amorphous parts, while the minimum intensity represent the 

amorphous part. The crystallinity index CrIcan be calculated by the equation: 

 

 CrI= [(I200) – (Iam) / (I200)]*100(1) 

Where I200 is the intensity at 200 peak and Iam is the minimum intensity between (110) and (200) peaks (Segal et al., 

1959). 

 

 Fourier Transform Infrared Spectroscopy (FTIR):- 

FT-IR spectroscopy is primarily used to identify the chemical structure of BC. FTIR spectra were obtained on 

VERTEX 70 FTIR spectrometer from Bruker, Germany equipped with ATR diamond crystal system in the spectral 

range 4000-400 cm-1 and resolution of 4 cm
-1

. 

 

Determination of the mechanical properties of the paper sheet:- 

The following parameters were examined in the produced BC sheet:  

 

Tensile strength:- 

It was carried out according to TAPPI T494 (TAPPI 2006) using a Lloyd instrument (Lloyd Instruments, West 

Sussex, United Kingdom) with a 100-N load cell. The measurements were performed at room temperature (∼25
◦
C) 

with a crosshead speed of 2 mm/min; five replicates were tested for each film. The sample dimensions were 20 mm 

long and 5 mm wide. Film thickness was measured to the nearest 0.001 mm with a hand-held digimatic micrometer 

(Quantu Mike Mitutoyo). Four thickness measurements at different positions were taken on each specimen, being in 

the range of 0.15 to 0.2 mm. 

 

Determination of the degree of polymerization:- 

Here, we used the solution Bis (ethylene diamine) copper (II) hydroxide as a solvent for BC paper sheet and the 

degree of polymerization was determined using a capillary viscometer [TAPPI test method T 230 om -89] and by 

using the obtained viscosity values, the degree of polymerization was calculated. 

 

Results and discussion:- 
The bacterial strain was isolated from kombucha tea; it was characterized as gram negative, short rod shaped 

bacteria. The bacterial isolate was positive for catalase test, negative for oxidase test, gave positive result with 

Methyl Red test and gave negative result with Indole test. It can oxidise lactate and acetate, also it can overoxidise 

ethanol into CO2 and H2O. The obtained characteristics of morphological and biochemical identification were 

compared with the data in Bergey
,
s Manual of Systematic Bacteriology as it was indicated that the bacterial strain 

belonged to the genus Acetobacter. 
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The obtained 16S rRNA sequence read was identified using the Basic Local Alignment Search Tool (BLAST) as it 

was aligned against the National Center for Biotechnology Information (NCBI) Genbank databases (US National 

Library of medicine, Bethesda ,Mary-Land ,USA) to identify the 16S rRNA read. BLAST results showed that the 

bacterial strain showed 99% homology with the bacterial strain Acetobacter pasteurianus IFO 3283-01 and the 

phylogenetic tree was constructed using the 16S rRNA gene sequences of the isolated bacteria as shown in figure 

(1). 

 

 

           

                            Figure 1:- Phylogenetic tree of Acetobacter pasteurianus based on the 16S rRNA sequence 

 

The efficiency of the isolated bacteria to produce cellulose was tested by inoculating it in media of 100 ml volume 

formulated from 10% treated molasses or acid whey as a carbon source and 1% corn steep liquor as a nitrogen 

source, the two culture media were incubated for 14 days at 30
o
C in static conditions. At the end of the incubation 

period, it was detected that the yield of BC in treated molasses- corn steep liquor (TMCSL) media and in acid whey- 

corn steep liquor (AWCSL) medium was 7 g/l and 5.83 g/l, respectively. The pellicle with the highest yield that was 

obtained in TMCSL media was purified, pressed and dried to obtain the BC paper sheet. The obtained results were 

higher than that reported by (Raghunathan, D., 2013) who indicated that 1.68 g/l of BC was produced by 

Acetobacter sp.DR-1 in100 ml of sugar cane juice at 30
o
C for 7 days. 

 

Bae and Shoda, (2005) reported that H2SO4 treated molasses was used as a carbon source for the production of 

bacterial cellulose by Acetobacter xylinum BPR2001 in a jar fermentor, the BC yield was about 76% higher than 

that produced by using unclarified molasses and the growth rate increased 2 fold. 

 

SEM image of the BC paper sheet produced from TMCSL medium as shown in figure (2) is characterized by 

ultrafine three dimensional interwoven network of cellulose nanofibers in the range of 29-72 nm with plenty of 

connected pores which have different diameters. The results are in agreement with (Vazquez et al., 2013) where BC 

nanofibers produced by Gluconacetobacter Xylinus on Hestrin Schramm media containing grape bagasse and 

glycerol for 14 days were in the range of 30–80 nm and with (Cheng et al., 2017) who reported that BC nanofibers 

produced by Acetobacter xylinum on media containing bagasse hydrolysateas carbon source for 10 days at 30
o
C 

were in the range of 30–80 nm. 
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Figure 2:-SEM images of BC paper sheet produced by Acetobacter pasteurianus grown in TMCSL media. 

 

The FT-IR Spectroscopy was used to indicate the peaks of the BC sheet which are attributed to different functional 

groups found on native cellulose. The FT-IR spectrum between 4000 and 400 cm
-1

 contains several characteristic 

peaks as presented in figure (3). Spectrum of BC showed a broad band between 3,300 and 3,400 cm
-1

 due to the 

presence of the O–H stretching vibration, indicating strong hydrogen bonding, the band at 2,890 cm
-1

 which 

represent the aliphatic C–H stretching vibration, the band between 1,650 cm
-1

 and 1,428 cm
-1

 which represent the 

hydrogen-bonded carbonyl stretching vibration, the band at 1,159 cm
-1

 is assigned to the cellulose C–O–C stretching 

vibrations, the band at 896 cm
-1

 which is assigned to the β-linked glucose polymers and the band at 680 cm
-1

 which 

represent the OH out-of-phase bending vibrations. The obtained results are consistent with the results reported by 

(Gayathry Gopalaswamy, 2014) who mentioned that the FTIR band centered at around 2,890 cm
-1

 is attributed to 

the aliphatic C–H stretching vibration. The band at to 1,644 cm
-1

 is attributed to the H–O–H bending vibration of 

absorbed water molecules. The band at 1,428 cm
-1

 is due to the CH2 symmetrical bending or surface carboxylate 

groups. All of these data approved that the obtained BC sheet is very similar to pure cellulose. 

 

 
             Figure 3:-FT-IR spectra of BC sheet produced by Acetobacter pasteurianus grown in TMCSL media. 

 

X-Ray diffraction pattern of the BC produced from TMCSL medium is represented in Figure (4). The X-ray 

diffraction patterns of the mentioned BC sample showed diffraction peaks at 2Ɵ (14.9, 23.1). The main diffraction 

peaks found on the sample was identical to the main characteristic peaks of native cellulose I as they are assigned to 

the peaks (1Î0), (110) and (200) reflection planes of cellulose I. The XRD pattern of BC is in agreement with the 

typical profile of cellulose I allomorph (Maeda et al., 2006). The produced sample is characterized by high 

crystallinity (88.9%) when compared with the crystallinity index of plant cellulose that represents about 40-60% 

(Mohite Patil, 2014) and 79% for Kombucha-synthesized bacterial cellulose (Changlai et al., 2014). The obtained 

crystallinity index value was close to results reported by (Vazquez et al. (2013) reported that the CrI values of BC 

obtained by Gluconacetobacter xylinus NRRL B-42 using media contained glucose, commercial glycerol, glycerol 

from Biodiesel, grape bagasse or cane molasses as carbon sources were 92%, 95%, 94%, 89% and 89% respectively. 
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The obtained CrI value was higher than that obtained by (Mohammadkazemi et al., 2015) who reportedthat the CrI 

value of BC produced by Gluconacetobacter xylinus PTCC1734 on media contained mannitol and sucrose was 

46.7% and 65.5% respectively. 

 

 
 

Figure 4:-X- Ray of BC sheet produced by Acetobacter pasteurianus grown in TMCSL media. 

 

The DP of the BC under investigation was 2597. The obtained high DP value was close to results reported by 

(Gayathry Gopalaswamy, 2014) who reported that the DP value of bacterial cellulose produced by Acetobacter 

Xylinum sju-1 in HS medium was 2074. Keshk and Sameshima, (2006) mentioned that the DP value of bacterial 

cellulose produced by Acetobacter Xylinum ATCC 10245 in HS medium or HS medium supplemented with 1% 

lignosulfonates was 2681. Also, (Tsouko et al., 2015) reported that high DP values of BC obtained by 

Komagataeibacter sucrofermentans DSM 15973 in HS media contained crude glycerol, biodiesel industry by-

products or confectionery industry waste streams respectively instead of glucose. 

 

The tensile strength of BC produced TMCSL medium was 96.72 MPa. The result was close to that obtained by 

Komagataeibacter sucrofermentans DSM 15973 in media contained crude glycerol mixed with Sun Flower Meal 

hydrolysate or contained Flour-rich waste hydrolysate (Tsouko et al., 2015). 

 

Conclusions:- 
On the basis of the obtained results, it can be concluded that the many industrial wastes as treated molasses, acid 

whey and corn steep liquor are a promising substrates for obtaining BC as using them minimize the production costs 

of BC. The bacterial strain Acetobacter pasteurianus isolated from kombucha gave a high yield of BC about 7 g/l in 

TMCSL media after 14 days of incubation at 30
o
C in static conditions. The obtained paper sheet was characterized 

by high crystallinity index value and three dimensional structure of the cellulose nanofibers with high DP value.  

 

Recommendation: 

The outcome of this investigation provides an alternate cost effecting medium for producing BC by the isolated 

bacteria from kombucha with unique properties which can be used in different applications as paper and textile 

industries because of its high tensile strength and high mechanical properties besides utilizing these wastes cause 

reduction in the environmental pollution and preventing  its accumulation in nature. 
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