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ABSTRACT

Cellulose demonstrates unique properties and suitable for many different applications. In the present study an acetic
acid bacterial strain has been isolated from rotten apple and investigated as cellulose producer. The strain was
identified using morphological, biochemical characterization and 16s rRNA gene sequencing and named as
Komagataeibacter hansenii (K. hansenii AS.5) under identity percentage 99%. Culture conditions for BC
production by AS.5 were screened and compared with reference one Gluconacetobacter hansenii ATCC 23769
under static condition. Optimization of key production parameters has been carried out using OVAT (One Variable
At Time) approach. Effect of media composition, inoculum size, pH, temperature, incubation time, different carbon
and nitrogen sources were evaluated. The highest production of cellulose (3.75 g/l) was obtained after 10 days, 8%
inoculum size, incubation 25°C by K. hansenii AS.5 using Yamanaka medium with glucose and yeast extract as a
sole carbon and nitrogen source, respectively. On contrast, G. hansenii ATCC 23769 exhibits the maximal BC
production (2.18 g/l) under the modified GEM medium composed of mannitol and yeast extract as the optimum
carbon and nitrogen source after 7 days at 25 °C and inoculum size 6%. It is clearly noticed the Cellulose

production by the local isolate is higher than the reference one by 1.7- fold.
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1. INTRODUCTION

Cellulose is the most abundant biopolymer, rene-
wable and biodegradable produced in the earth
with 180 billion tons per year in nature (Engelh-
ardt, 1995). BC is a bacterial-based homopolymer
of B(1->4) D-glucopyranose units intertwined by
intermolecular hydrogen bonds with the formula
[(CeéH100s)Nn] (Huang et al., 2014), Plant cellulose
(PC) and BC have a much the same chemical stru-
cture (Wan et al., 2006). However, bacterial cellu-
lose is contrasting from PC in some physicoche-
mical and mechanical properties, including fibrils
where, bacterial cellulose are 100 times thinner
than that of PC, making it more porous, finer stru-
cture (nanoscale microfibrils < 10 nm in width),
higher purity (free from hemicellulose and lig-
nin), longer fiber length (polymerization degree
between 2000 and 6000), higher crystallinity, hig-
her water absorbing and holding capacity, higher
tensile strength, strong biological adaptability,
nontoxic and non-allergenic (lguchi et al., 2000;
Béckdahl et al., 2006; Chawla et al., 2009; Ul-
Islam et al., 2012). Therefore, BC represents a
potential alternative to plant-derived cellulose and
a promising material for many applications (Igu-
chi et al., 2000). These include a thickening agent
and food stabilizer (Shi et al., 2014), food packag-

ing (Spence et al., 2010), biomaterial for manufac-
turing cosmetics (Kawaguchi and Nakamura,
2007), artificial skin (Kingkaew et al., 2014), arti-
ficial blood vessels or tissue engineering (Sche-
rner et al., 2014), preparation of optically trans-
parent films (Palaninathan et al., 2014) and elec-
tric conductors (Miiller et al., 2012). Bacteria of
the family Acetobacteraceae are most commonly
used for BC production, mainly bacteria from the
genus Komagataeibacter and usually strains of the
species Komagataeibacter xylinus and Komaga-
taeibacter hansenii (previously known as Glucon-
acetobacter xylinus and Gluconacetobacter han-
senii). However, other species of this genus have
also been reported to harbour cellulose-producing
strains, such as Komagataeibacter swingsii, Kom-
agataeibacter rhaeticus and Komagataeibacte
rmedellinensis (Santos et al., 2014). Other genera
such as Agrobacterium, Aerobacter, Achromobac-
ter, Alcaligenes, Azotobacter, Rhizobium, Pseudo-
monas, Sarcina, Salmonella, etc. have ability to
produce cellulose (Huang et al., 2014). Moreover,
cellulose producing strain can also be isolated
from different sources such as fermented fruit
juice (Lin et al., 2016; Kim et al., 2017), kombu-
cha tea (Rozenberga et al., 2016), vinegar (Tabaii
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and Emtiazi, 2015), wine (Biyik and Coban,
2017), orange pulp (Tyagi and Suresh, 2013) and
rotten apple (Hungund and Gupta, 2010). Gram-
negative bacteria in Komagataeibacter (former
Gluconacetobacter and Acetobacter) genus are
mainly cellulose producer these bacteria are isola-
ted from different sources, strictly aerobic and
produce BC as an extracellular product at the air
liquid interface of the growth media at pH with in
3 and 7 and temperatures ranged from 28 to 30°C
(Lin et al., 2016; Machado et al., 2016). G. hanse-
nii ATCC 23769, a Gram negative bacterium and
has ability to produce BC at the air liquid inter-
face in growth medium, and has long been used as
a model system for production of BC and a refe-
rence strain in the various studies (Lee et al.,
2015; McManus et al., 2016). One of the bacterial
cellulose application problems in industry is its
low productivity. So, OVAT method was applied
to obtain the optimal culture conditions for high-
est production of bacterial cellulose. Several stud-
ies describe the optimization of cellulose produc-
tion using OVAT such as media composition, car-
bon, nitrogen source, pH, temperature and incuba-
tion time, etc (Zahan et al., 2015b; Biyik and
Goban, 2017; Molina-Ramirez et al., 2017). The
purpose of this study, production of cellulose
through isolation of bacterial producer strains
from Egyptian local sources as a source of micro-
bial contaminant. Only one isolate has ability to
produce cellulose which compared with the G.
hansenii ATCC 23769 as a reference strain by
evaluation of culture conditions requirements for
both strains.

2. MATERIALS AND METHODS

2.1 Isolation of cellulose producing microbes:
Ten (gm or ml) samples of rotten fruits (Banana,
Apple, Palm, Guava, Orange, Tangerine, Peach,
Strawberry, Date and Pineapple) and rotten vege-
tables (Lemon and Tomato) and rotten Vinegar
were inoculated in 90 ml of a modified Hestrin
and Schramm medium (MHS) in a 250-ml flask
contains: (g or ml/lI) D-glucose 20, peptone 5, YE
5 g/, sodium hydrogen phosphate dibasic 2.7,
citric acid 1.15, acetic acid 2, ethanol 5 and Nysta-
tin 2 as antifungal. The liquid MHS medium
contained rotten samples were incubated statically
at 30°C for 7 days. After incubation time, the fla-
sks with white pellicle covering the surface of
liquid medium were selected as a positive result
for microbial cellulose production. The culture
broth of the selected flask was serially diluted
with 0.9% NaCl (w/v) and 0.1 ml of each dilution
was spread on GEY agar, which composed of:
(o/) D-glucose 20, YE 10, ethanol 5 ml, calcium
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carbonate 3 and agar 20. The agar plates were
incubated at 30°C for one week. After the time
consumed, the colonies with a clear zone aro-
und were selected and inoculated in test tube
containing 5 ml of HS medium composed of:
(g/1) D-glucose 20, peptone 5, YE 5, sodium hyd-
rogen phosphate dibasic 2.7, citric acid 1.15,
then incubated at 30°C for one week (Hestrin and
Schramm, 1954). Subsequently, the purified iso-
lated colonies with a white pellicle on the surface
of test tube were stored at 4°C as cellulose pro-
ducer microbes for further study. On the other
hand, G. hansenii ATCC 23769 achieved from
American Type Culture Collection was used as a
reference strain in this study.

2.2 Standard inoculum preparation: A freshly
isolated single colony was culture in HS medium
(5ml) and then incubated at 30°C for 2 days at 200
rpm as standard inoculum preparation.

2.3 Purification of Cellulose: The resulting pelli-
cle was harvested and washed many times with
distilled water to remove the residues of medium
components. Afterwards, the pellicle was then
treated by 0.5% NaOH at 90°C for 30 min, to
remove microbial contaminants and other impu-
rities immobilized on the films, and then washed
by distilled water until a neutral pH of washed
liquid was reached. In the end, the purified micro-
bial cellulose was dried at 70°C over-night until
constant weight (Hsieh et al., 2016). The dry-
weight, yield and productivity of cellulose were
determined.

2.4 Parameters of microbial cellulose produc-
tion: Productivity and vyield were calculated
according to Aytekin et al, (2016) and
Mohammad kazemi et al., (2015) using the
following equations:

Yield % = (Cellulose dry weight g/l)/ (Original
sugar g/l) x 100

Productivity % = (Cellulose dry weight g/l)/
(Production time d) x 100

2.5 Identification of the selected isolate
2.5.1Genetic identification: The cellulose produ-
cing isolate was identified using partial 16s rDNA
sequences analysis. Based on salting out method,
genomic DNA was isolated from pure culture
according to (Miller et al., 1988). The amplifi-
cation of the 16S rRNA gene from the genome of
isolate under investigation was performed through
the polymerase chain reaction (PCR) (Mullis et
al., 1986), using universal degenerate primers
designed to amplify the full length (1500 bp) of
the 16S rRNA gene according to the E. coli geno-
mic DNA sequence. The purified PCR product
was sequenced using dideoxy chain termination
method (Sanger et al., 1977). This was done using
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ABI PRISM model 3730 automated DNA sequen-
cer at Sigma for Scientific Research and big dye
terminator ready reaction mix. The sequences
were assembled using BioEdit Sequence Align-
ment Editor Program (Hall, 1999) and compa-
rative sequence analyses were performed using
ClustalW. BLAST program (http://blast.ncbi.nlm.
nih.gov/Blast.cgi) was used to assess the simila-
rity and phylogenetic tree was constructed with
MEGA software version 4.0.2 (Tamura et al.,
2007).

2.5.2 Morphological and biochemical identifi-
cation: The most potent isolate which producing
microbial cellulose was undergone to further iden-
tification such as morphological observation by
scanning electron microscopy (SEM) (JEOL JSM
6360 LA, Japan) at laboratory center- City of Sci-
entific Research and Technological Application.
Gram'’s characteristics via Gram's staining Kit
according to standard protocols, and physio-bio-
chemical characterization through analytical pro-
file test using available commercially Kit (Macro-
bact GNB 24E Kit) Oxoid according to the manu-
facture instruction with reference to Bergey's
Manual of Systematic Bacteriology.

2.5.2.1 Enzymes profile of the selected strain:
Qualitative screening for different enzymes pro-
duction by the selected strain was done by plate
assay method. Agar plates were prepared by in-
corporating the substrate as 1% gelatin (protease),
0.2% soluble starch (amylase), 0.2% tributyrin
and Tween 20 (lipase/esterase), 0.2% carboxy-
methyl cellulose (cellulase), 0.2% xylan (xylan-
ase), 0.2% uric acid (uricase), 0.5% lactose (beta
galactosidase) and 0.01% guaiacol (laccase) in HS
medium at 30°C for 48 hrs. After incubation time
the results were recorded according to the clear
zones or color of colony.

2.6 Optimization of culture conditions: OVAT
approach was used to obtain maximum production
of BC by selected isolate; various nutritional and
physiological parameters were studied such as
different media composition, inoculum size, pH,
temperature and incubation time, carbon and nit-
rogen sources. The optimization experiments were
performed in triplicate. All the experiments were
carried out in static condition for BC production.
2.6.1 Selection of suitable medium composition:
Four media for BC production being HS (Hestrin
and Schramm, 1954), modified HS (Lee et al.,
2015), modified Yamanaka media (Mohammad
kazemi et al., 2015) (g/l: D-Glucose 20, YE 5,
(NH4),S04 5, K,PO4 3, MgS04.7H20 0.05 and
5ml ethanol) and modified GEM (Hanmoungjai et
al., 2007), were used in this study to select the
most suitable medium to achieve high BC pro-
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duction. The production process was performed in
250 ml Erlenmeyer flasks containing 45 ml sterile
medium, then inoculated with 5 ml from standard
inoculum and incubated at 30°C for 7 days at pH
6 under static condition. At the end of incubation
time the microbial cellulose pellicle was dried and
weighted to determine the dry weight, yield and
productivity of cellulose.

2.6.2 Effect of different inoculum size: Different
inoculum size (2, 4, 6, 8, 10, 12 and 14%) was
tested to investigate their effect for maximal
production of cellulose. The production process
was performed in 250 ml Erlenmeyer flasks con-
taining 45 ml sterile selected medium for both
isolated and reference strains, then inoculated and
incubated at 30°C for 7 days at pH 6 under static
condition.

2.6.3 Effect of different pHs: The influence of
various pHs on cellulose production by isolated
and reference strains were studied by marinating
the culture media at pH 2, 4, 6, 8 and 10. The pro-
duction process was conducted in 250 ml Erlen-
meyer flasks containing 45 ml sterile medium,
each under preferred medium and inoculum, then
incubated at 30°C for 7 days at different pHs
under static condition.

2.6.4 Effect of different temperatures: To moni-
tor the temperature impacts on cellulose produc-
tion by studied isolate and reference strains, diffe-
rent temperatures 20, 25, 30, 35 and 40°C were
tested under preferred conditions for each strain.
2.6.5 Effect of different incubation time: The
effect of various incubation periods, like 5, 7, 9,
10 and 11 days on the BC production by isolated
and reference strain was studied each under reco-
mmended conditions of previous experiments.
2.6.6 Effect of different carbon source: To
study the impacts of different carbon sources on
the cellulose production, carbon source like, gluc-
ose, fructose, mannitol, xylose, galactose, sucrose
and starch were added at 2% concentration.

2.6.7 Effect of different nitrogen source: Yeast
extract, peptone, casein and tryptone represented
as organic nitrogen source, on the other hand,
ammonium nitrate, ammonium sulphate, ammon-
ium chloride and sodium nitrate represented as
inorganic nitrogen source, which all were scree-
ned as a source of nitrogen for the highest pro-
duction of cellulose by isolated and reference
strain at 0.5% concentration.

3. RESULTS AND DISCUSSION

3.1 Isolation and identification of cellulose pro-
ducing strain: Most of earlier studies describe the
production of cellulose by cultivation of Aceto-
bacter sp, reclassified as the genus Gluconace-
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tobacter, which is a typical isolate obtained from
different sources such as rotten fruits (Ranga-
swamy et al., 2015) , flowers and fermented foods
(Park et al., 2003), beverages (Jia et al., 2004),
and vinegar (Gullo et al., 2006).

In this study, we obviously directed to isolate bact
eria withthe ability to produce higher cellulose from
different sources: rotten fruits, vegetables and vin-
egar. Among tested sources a flask contained a
rotten apple covered with a white pellicle on the
liquid medium surface was selected as positive
results for microbial cellulose production. The
bacterial isolates related were purified by serial
dilution to obtain sixty-one different purified iso-
lates and only one isolate namely No. 2 has been
selected as cellulose producer under static condi-
tions then compared with G. hansenii ATCC 237-
69 as a reference strain. Similarly, Park et al.,
(2003) succeeded in isolation Gluconacetobacter
sp from rotten apple as cellulose producer after
repeated attempts. Moreover, identification of the
selected isolate was executed mainly through
molecular identification, morphological and bio-
chemical characterization. Analysis of 16s rDNA
(partial sequence) reveals that the selected strain
(No. 2) showed 99% similarity to the Komaga-
taeibacter hansenii sequence. The 16S rRNA
gene sequence of Komagataeibacter hansenii was
deposited in the GenBank under the accession
number (MH109871). Subsequently, the isolate
was designated as Komagataeibacter hansenii AS.
5. A Phylogenetic tree was designed using Clustal
X program (Fig 1) and showed that the isolate
AS5 is more related to Komagataeibacter
hansenii. Generally, different bacteria from many
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sources can be used as a source of BC such as:
Komagataeibacter rhaeticus from Kombucha tea
(Semjonovs et al., 2017), Komagataeibacter sac-
charivorans from peach (Abdelhady et al., 2015)
and Komagataeibacter intermedius from fermen-
ted fruit juice (Lin et al., 2016). The investigated
bacterium Komagataeibacter hansenii AS.5 iso-
lated from rotten apple and reference strain were
subjected to morphological characterization thro-
ugh SEM (Figs 2), respectively. It was recognized
that the K hansenii AS.5 is high similar in mor-
phological and biochemical characteristics to the
G hansenii ATCC 23769 using available comm-
ercially kit (Macrobact GNB 24E kit) Oxoid
according to the manufacturer’s instruction with
reference to Bergey’s Manual of Systematic Bact-
eriology as showed in table 1 and 2, respectively.
Also, K. hansenii AS.5 and G. hansenii ATCC
23769 are considered a positive producer of
protease, lipase/esterase, Xxylanase and catalase;
respectively, while protease exhibited the most
potent enzyme; it had a large clear zone obtained
from gelatin hydrolysis followed by catalase. On
the contrary, the plate assays performed for amy-
lase, uricase, beta galactosidase and laccase yiel-
ded negative results, these results indicated that
the both strains hadn't machinery for production
of amylase, uricase, beta galactosidase and laccase
which enable it to utilize soluble starch, uric acid,
lactose and guaiacol respectively. Also, K. hans-
enii AS.5 and G. hansenii ATCC 23769 were
showed a typical profile for examined enzymes
(protease, amylase, lipase, cellulase, Xxylanase,
uricase, beta galactosidase, catalase and laccase).

ATCC 23769 with cell size average 2.90 pm.
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— KP690078.1 Gluconacetobacter sp. NOK21
JF793985.1 Gluconacetobacter hansenii ATCC 23769
MG971328.1 Komagataeibacter sp. MSKU
NR 118177.1 Komagataeibacter hansenii LMG 1527
LT546164.1 Komagataeibacter hansenii KGB
MH109871 Komagataeibacter hansenii AS.5

GU227424.1 Acetobacteraceae bacterium M438

NR 115108.1 Komagataeibacter hansenii Gachhui RG3

E

AY688433.2 Komagataeibacter kombuchae RG3
- AB095100.1 Gluconacetobacter persimmonis
L NR 028909.1 Gluconacetobacter entanii LTH4560
| NR 125626.1 Komagataeibacter medellinens LMG 1693

MF682397.1 Komagataeibacter medellinensii ICMP 19461

KF164613.1 Gluconacetobacter oboediens SJU-1

— AJ007698.1 Gluconacetobacter sucrofermentans LMG 18788
Z21936.1 Acetobacter europaeus DSM 6160

AY180960.1 Komagataeibacter swingsii DST GL01

NR 112539.1 Komagataeibacter europaeus DSM 6160
KX216689.1 Komagataeibacter xylinus ATCC 53524
ABB818453.1 Gluconacetobacter europaeus KGMAO0119

AB607833.1 Komagataeibacter kakiaceti G5-1

0.005

X74066.1 Acetobacter aceti NBRC

Figure 1: A phylogenetic tree based on 16S rDNA sequences constructed by the neighbor-joining method.
Table 1: Morphological characteristics of K. hansenii AS.5 and G. hansenii ATCC 23769

Colony morphology | K. hansenii AS.5 G. hansenii ATCC 23769
Configuration Bacilli Bacilli
Margin Entire Entire
Surface Smooth Smooth
Pigment Yellowish Cream
Gram reaction Negative Negative
Cell shape Short rods Short rods
Size average 2.21 2.90
Arrangement Mono, diplo and few Mono, diplo and few
Streptobacilli Streptobacilli
Table 2: Comparison of the biochemical characteristics of K. hansenii AS.5 and G. hansenii ATCC 23769
No. Test Result
K. hansenii G. hansenii ATCC
AS.5 23769
1 Motility + +
2 Nitrate - -
3 Lysine - -
4 Ornithine - -
5 H,S - -
6 Glucose + +
7 Mannitol + +
8 Xylose + +
9 ONPG - -
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10 Indole - -
11 Urease - -
12 V-P + +
13 Citrate - -
14 TDA + +
15 Gelatin - -
16 Malonate - -
17 Inositol - +
18 Sorbitol - +
19 Rhamnose + +
20 Sucrose + +
21 Lactose + +
22 Arabinose + +
23 Adonitol - +
24 Raffinose - +
25 Salicin - +
26 Arginine -
27 Cellulose production + +

ONPG=Hydrolysis of o-nitrophenyl-R-d-galactopyranoside (ONPG) by action of - galactosidase, VP test = Voges-

Proskauer test

3.2 Culture Conditions Optimization (OVAT):
Production of cellulose not depend only on the
strain but also on different nutritional ingredients
and physical parameters. Accordingly, OVAT
technique was carried out to study the following:
media composition, inoculum size, pH, tempera-
ture, carbon, and nitrogen sources to implement
the highest production of cellulose.

3.2.1 Influence of various media composition
on cellulose production: The results (full data
not shown) revealed that the maximum yield of
cellulose was obtained in modified Yamanaka and
HS media (2.76 and 2.48 g/l, respectively), while
modified HS and GEM represent a low production
of cellulose (0.74 and 0.43 g/l, respectively) using
K. hansenii AS.5. On the other hand, approxi-
mately 1.5 g/l cellulose produced from modified
GEM media while 1.3, 1.2 and 1.07 g/l cellulose
produced from HS, modified HS and Yamanaka
media, respectively using a reference strain (G.
hansenii ATCC 23769) as BC producer. Ultima-
tely, the modified Yamanaka media and modified
GEM were selected as the best media for produc-
tion of cellulose as well as yield and productivity

of cellulose for K. hansenii AS.5 and G. hansenii
ATCC 23769, respectively. Similarly, many lite-
ratures reported the effect of various growth media
on the production of cellulose (Tyagi and Suresh,
2013; Mohammadkazemi et al., 2015).

3.2.2 Effect of various inoculum sizes on cellu-
lose production: The data represented in table 3
clearly showed that all the inoculum size tested
exhibit positive cellulose production but lower
and higher values than 8% and 6% inoculum sho-
wed a decrease in cellulose production in case of
isolated and G. hansenii ATCC 23769, respect-
ively. Through this experiment, we can conclude
that 8% inoculum size is optimal for the BC
production and achieved 2.96 g/l yield compared
to other inoculum sizes for K. hansenii AS.5.
While 6% inoculum size is optimum for BC pro-
duction and achieved 1.97 g/l yield compared to
other inoculum sizes for G. hansenii ATCC 237-
69. Due to appearance of pellicle formation at air
liquid inter phase within 48h of incubation in case
of cellulose production, the optical density cannot
applied as accurate method for determination of
growth (Rangaswamy et al., 2015).

Table 3: Effect of different inoculum size on the production of cellulose

Inoculum K. hansenii AS.5 G .hansenii ATCC 23769
Size% |BCdry | Yield | Productivity | Glucose BCdry | Yield | Productivity Glucose
Wt g/l % % remaining g/l| Wt g/l % % remaining g/l
2 2284 | 114 32.6 0.00 1.818 9.09 25.9 0.10
4 2.812 14 40.1 0.00 1.902 9.51 27.1 0.08
6 2.904 | 145 414 0.00 1.970 9.85 28.1 0.02
8 2.960 | 1438 42.2 0.00 1.898 9.49 27.1 0.20
10 2.832 | 141 40.4 0.00 1.578 7.89 22.5 0.13
12 2.724 | 136 38.9 0.00 1.710 8.55 24.4 0.11
14 2.654 | 132 37.9 0.00 1.751 8.75 25 0.07
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3.2.3 Impact of various pH on cellulose produc-
tion: The pH plays a significant role in cell gro-
wth and BC production. The cellulose production
was observed at pH ranged from 4 to 8 for both
isolated and reference stain as can be seen in table
4. On the other hand, cellulose and cell growth
cannot be achieved at pH 2 and 10 for both K.
hansenii AS.5 and G. hansenii ATCC 23769. By
this investigation, we can surmise that pH 4 is
optimum for cellulose production and achieved
2.97 ¢/l which is maximum vyield compared to
other pH values for K. hansenii AS.5. While pH 6
it is optimum for cellulose production and achi-
eved 1.90 g/l yield relative to other pH values for
G. hansenii ATCC 23769. The maximum cellu-
lose production of K. hansenii AS.5 reached 2.97
g/l when the pH was set at 4, approximately 2-fold
than those from G. hansenii ATCC 23769 (1.55
g/l) at the same pH. At pH 6 the cellulose pro-
duction of K. hansenii AS.5 attained to 2.88 g/l
which was higher 1.2fold than those from G.
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hansenii ATCC 23769 (1.90 g¢/l) at the same pH.
Several studies showed that the pH value range
for cellulose production was about 4-9 (lguchi et
al., 2000; Lin et al., 2016) and the optimum pH
for cellulose production varies with the bacte-
rial strains, but was usually attributed to a neut-
ral to slightly acidic pH range (Bielecki et al.,
2005). Castro et al. (2012) confirmed that a new
isolated Gluconacetobacter genus exhibited hig-
hly tolerant to low pH, and provided the high-
est cellulose production at pH 3.5, while K.
hansenii AS.5 produces cellulose at pH 4. Lin et
al., (2016) reported that the G. xylinus 23769 pro-
duces cellulose ranged from 0.64 to 1.4 g/l at pH
between 4 to 9 under incubation from 4 to 9 days
using HS medium, while the present study achi-
eved the maximum production of cellulose ranged
from 1.55 to 1.90 ¢/l at pH from 4 to 8 after 7
days using GYPE medium by G. hansenii ATCC
23769.

Table 4: Effect of different pH on production of cellulose

pH K. hansenii AS.5 G. hansenii ATCC 23769
BC dry | Yield | Productivity | Glucose | BCdry | Yield | Productivity | Glucose
Wt g/l % % remaining | Wt g/l % % remaining
g/l g/l
2 0 0 0 19.5 0 0 0 19.2
4 2.976 14.8 42.5 0.07 1.557 7.78 22.2 0.06
6 2.884 14.4 41.2 0.13 1.905 9.52 27.2 0.02
8 2.454 12.2 35 0.15 1.811 9.05 25.8 0.05
10 0 0 0 18.2 0 0 0 19

3.2.4 Effect of different temperatures on Cellu-
lose production: Cellulose production and cell
growth were directly affected by temperature. To
study the effect of various temperature on cellu-
lose production by isolated and G. hansenii ATCC
23769, temperature vary from 20 to 400C (with
unit increase of 50C) was examined as shown in
table 5. The results indicated that the K. hansenii
AS.5 exhibits cellulose production (1.69 to 3.20
g/l) at temperatures ranged from 20 to 350C, but
no cellulose production and cell growth when
temperature reached to 400C. As well as, G. han-
senii ATCC 23769 produces BC (1.35 to 2.06 g/l)
at temperature ranged from 20 to 30-C, and
production within the range of 35 and 400C was
not observed. The optimum temperature for high
cellulose production (3.20 and 2.06 g/l) is 250C
for both K. hansenii AS.5 and G. hansenii ATCC
23769 respectively. The optimum temperature
supplies the bacterium with a enough energy
which improve the cellulose biosynthetic pathway
to transform glucose into cellulose. The K. hanse-
nii AS.5 exhibits 4.0 fold higher cellulose pro-
duction than G. hansenii ATCC 23769 under the

same temperature. Zahan et al., (2015a) reported
that, at incubation temperature of 40°C, there is no
significant growth appeared of A. xylinum 0416
and cellulose production as well. This is probably
due to the harsh and inappropriate environment
created by the incubation at this temperature,
these data are similar with data obtained from K.
hansenii AS.5. This could be attributed to the facts
that the glucose was transformed into other prod-
uct than BC such as gluconic acid via direct oxi-
dation during production process which finally
lead to significantly reduced in the pH of produc-
tion medium. The pH decreases during production
because of the accumulation of by-products like
gluconic, acetic or lactic acids (Zahan et al.,
2014). Son et al. (2001) reported that at incubation
temperature of 35°C and / or above, the bacteria
do not multiply even in an optimal medium due to
denaturation of cell components such as nucleic
acids and proteins, this lead to the growth of cells
and BC production were not observed under incu-
bation temperature of 35°C and above, this may
be matching to the results obtained from G. han-
senii ATCC 23769 in this work.
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Table 5: Effect of different temperature on production of cellulose

Temperature K. hansenii AS.5 G. hansenii ATCC 23769
oC BC Yield | Productivity | Glucose BC Yield | Productivity | Glucose
dry % % remaining dry % % remaining
Wt g/l g/l Wt g/l g/l
20 1.696 | 8.48 24.2 0.00 1.354 | 6.77 19.3 0.07
25 3.206 16 45.8 0.035 2.066 | 10.3 29.5 0.05
30 2944 | 147 42 0.05 1.895 | 9.47 27 0.04
35 1.496 | 7.48 21.3 5 0 0 0 14.82
40 0 0 0 13.82 0 0 0 17.76

3.2.5 Effect of different incubation period on
cellulose production: To obtain maximum cellul-
ose production from isolated and G. hansenii AT-
CC 23769, different incubation time was studied
range from 5 to 11 days (with unit increase of 2
days). Data represented in Fig. 3 showed that the
cellulose production was observed in all incu-
bation time, but, 10 days cultivation time is
considered the optimal time and achieved 3.57 g/l

yield by K. hansenii AS.5. On the other hand, 7
days incubation time is optimum for cellulose
production by G. hansenii ATCC 23769 and achi-
eved 2.08 ¢/l yield. The cellulose production
approximately stable after the optimum incubation
time for both K. hansenii AS.5 and G. hansenii
ATCC 23769. We can report that the K. hansenii
AS.5 produces cellulose higher than G. hansenii
ATCC 237609.
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Figure 3: (a) Effect of different incubation time on production of BC by K. hansenii AS.5 and (b) G.

hansenii ATCC 23769.

3.2.6 Effect of various carbon sources on
cellulose production: To investigate the effect of
carbon source on BC production, carbon sources
like mono, di and polysaccharide such as glucose,
fructose, mannitol, xylose, galactose, sucrose and
starch were supplemented at 2% (w/v) in a
suitable medium.

The results are described and presented in table 6
for both K. hansenii AS.5 and G. hansenii ATCC
23769. The maximum BC production (3.50-2.93
g/l) was observed in glucose followed by fructose,
respectively for K. hansenii AS.5. However, G.
hansenii ATCC 23769 exhibits maximum cellu-
lose production in mannitol (2.17 g/I) followed by
glucose (2.07 g/l). In the present study, G. hanse-
nii ATCC 23769 shows the ability to use a wide

variety of carbon sources for cellulose production
and D-mannitol seems to be the most suitable car-
bon source. These results are in good agreem-
ent with previous reports that cellulose produ-
ction by Gluconacetobacter strains isolated from
various sources produces the highest yield in a
medium comprising D-mannitol (Panesar et al.,
2009, Suwanposri et al., 2013). Yodsuwan et al.,
(2012) reported that the Acetobacter xylinum
strain TISTR 975 exhibits high production of cell-
ulose from mannitol as the optimum carbon sou-
rce when used Yamanaka medium as stander
medium, while the glucose is the greatest carbon
source for high cellulose production by K. han-
senii AS.5 when used modified Yamanaka med-
ium. Glucose as a simple carbon source, play an
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important roles for higher production of secondary
metabolites from the specie of mushroom Pleuro-
tus ostreatust than other carbon sources (Rana and
Dahot, 2017). Most of the researches show that
the productivity of cellulose production by Gluco-
nacetobacter is influenced by carbon source avail-
ability and the aggregation of metabolic by-pro-
ducts that cause adverse growth conditions (Cha-
wla et al., 2009). Molina-Ramirez et al., (2017)
expressed that the most efficient carbon source is
glucose which achieves 2.80 g/l cellulose at con-
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centration 2% after 8 days by Komagataeibacter
medellinensis, however the cellulose reached to
3.3 g/l after 15 days when mixed glucose/sucrose
used as a carbon source. The present work achi-
eves 3.50 g/l cellulose after 10 days by K. hanse-
nii AS.5 at 2% glucose. Other study describe the
addition of polysaccharide such as starch on the
production media that affect the physical proper-
ties of cellulose membrane obtained from Gluco-
nacetobacter xylinus BTCC B796 (Sya'Di et al.,
2017).

Table 6: Effect of different carbon source on production of BC

Carbon Source K. hansenii AS.5 G. hansenii ATCC 23769
BC dry | Yield % | Productivity % | BC dry | Yield % | Productivity %
Wt g/l Wt g/l
Glucose 3.504 17.5 35 2.079 10.3 29.7
Fructose 2.938 14.6 24.4 2.032 10.1 29
Mannitol 2.396 11.9 19.9 2.174 10.8 31
Xylose 0.918 4.59 7.65 1.122 5.61 16
Galactose 1.174 5.87 9.78 1.146 5.73 16.3
Sucrose 1.644 8.22 13.7 1.102 5.51 15.7
Starch 1.278 6.39 10.6 1.060 5.3 15.1

3.2.7 Impact of different nitrogen sources on
cellulose production: The highest production eff-
iciency of cellulose depends not only the carbon
source but also on nitrogen source. In this experi-
ment different organic and inorganic nitrogen
source was applied. The results represented in
table 7 clearly showed that the maximum cellu-
lose production was observed when used organic
nitrogen source for both K. hansenii AS.5 and G.
hansenii ATCC 23769 than inorganic nitrogen
source. As well as, yeast extract exhibits high
cellulose production for both K. hansenii AS.5
and G. hansenii ATCC 23769 than other nitrogen
source and these data are finding agreement with
the previous report (Biyik and Coban, 2017).
Maximum cellulose production was achieved with
yeast extract to obtained cellulose yield of 3.75

and 2.181 g/l for both K. hansenii AS.5 and G.
hansenii ATCC 23769, respectively. By this inv-
estigation, we can conclude that the K. hansenii
AS.5 exhibits higher cellulose production 0.5fold
than G hansenii ATCC 23769 when used yeast
extract as a nitrogen source. In different circums-
tances, the combination of yeast extract and amm-
onium sulphate as nitrogen source was not sig-
nificantly affected on production of BC for both
K. hansenii AS.5 and G. hansenii ATCC 23769.
Coban and Biyik (2011) reported that a higher
cellulose production was achieved in a medium
composed of glucose and supplemented with yeast
extract as the finest nitrogen source, this data
agreement with the present study for both K.
hansenii AS.5 and G. hansenii ATCC 23769.

Table 7: Effect of different nitrogen source on production of BC

Organism source Nitrogen source BC dry Wt g/l | Yield % | Productivity %
K. hansenii AS.5 Yeast + Ammonium sulphatg 2.102 10.5 21
2 E’, g Yeast extract 3.752 18.7 375
S g § Peptone 0.702 3.51 7.02
o ? Casein 3.172 15.8 31.7
Tryptone 0.692 3.46 6.92
= c Ammonium Nitrate 0.402 2.01 4.02
S °8’a Ammonium Sulphate 0.616 3.08 6.16
e = Ammonium Chloride 0.194 0.97 1.94
- Sodium Nitrate 0.130 0.65 13
G. hansenii Yeast+ Peptone 1.370 6.85 195
ATCC 23769 2 é Y Yeast 2.181 10.9 31.1
S g § Peptone 0.764 3.82 10.9
Oc? Casein 0.836 4.18 119
Tryptone 0.830 4.15 11.8
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Inorganic
nitrogen
source

Ammonium Nitrate 0.326 1.63 4.65
Ammonium Sulphate 0.684 3.42 9.77
Ammonium Chloride 0.251 1.25 3.58

Sodium Nitrate 0.280 14 4

CONCLUSION

An Egyptian local strain (Komagataeibacter
hansenii AS.5) from rotten apple was selected as
BC producer. The production of BC by K. han
senii AS.5 and reference strain (Gluconaceto-
bacter hansenii ATCC 23769) was optimized by
OVAT technique. Different media composition,
inoculum size, pH, temperature, carbon, and nitro-
gen parameters were studied for optimal BC
production. At the end of optimization, the modi-
fied Yamanaka media composed of glucose as a
carbon and yeast extract as a nitrogen source at
250C, pH 4, with the inoclume size 8% for 10
days achieved 3.75 g/l BC by K. hansenii AS.5.
While 2.181 g/l BC was achieved when culti-
vation of G. hansenii ATCC 23769 on modified
GEM medium with mannitol as a sole carbon and
yeast extract as a nitrogen source at 250C, pH 6,
with the inoculum size 6% for 7 days. We can
conclude that, the isolated strain was more
effective for BC production than reference strain.
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