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ABSTRACT

The optimum fermentation conditions for the production of biocellulose (BC) by
the isolated strain Komagataeibacter rhaeticus K were determined. The isolate gave
the highest cellulose production when grown on glucose ethanol medium (GEM) and
was able to produce cellulose at 20-35°C with a maximum at 30°C. BC production
was obtained at pH 3-8 with a maximum at pH 5. Effect of gamma radiation induced
by coblet-60 on K. rhaeticus K cells was investigated. A cellular survival curve versus
absorbed doses was studied to determine the sensitivity of bacterial cells to gamma
ray. The results showed Djg-value was equals to 0.38kGy. To enhance the ability of
K. rhaeticus K for BC production, the isolate was subjected to different doses of
Gamma ray and the optimum BC vyield was obtained at 0.4kGy. The maximum
production of BC was obtained with using the improved medium (5% (w/v) glucose,
0.3% (w/v) yeast extract, 0.3% (w/v) peptone and 2% (v/v) ethanol). Using fresh
culture of K. rhaeticus K that exposed to 0.4kGy of gamma radiation and grown
under the optimized culture conditions, 9.3g/l dry cellulose was produced after 7 days
of static cultivation, although this isolate produced only 4g/l in the standard medium.

INTRODUCTION

Cellulose is one of the most fibrils of nano-sized three-dimension
important  polysaccharide substance network structure. It possess superior
common in all plant material. It is a and unique properties compared to
polymer of B-D-glucose units linked plant  cellulose such as good
together by (1—4) glycosidic bonds to mechanical strength, high water
form cellobiose residues that are the absorption capacity (overl00 times of
repeating units in the cellulose chain its weight), high degree of crystalinity,
(Moon et al., 2011). high polymerization degree, ultra-fine

and highly pure network structure,
great elasticity, non-drying state and
biocompatibility (Keshk and

Biocellulose or bacterial cellulose
(BC) is chemically equivalent to plant
cellulose but it has distinct ultra-fine
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Sameshima, 2006; George and
Siddaramaiah, 2012; Almeida et al.,
2014). These unique properties have
attracted much attention to the use of
BC in different applications such as
food preparations (Shi et al., 2014),
functional papers sheet (Basta and El-
Saied, 2009), artificial blood vessels
and wound dressing (Keshk, 2014).

BC is an extracellular cellulose
produced by some acetic acid bacteria
in the genus Komagataeibacter
(formerly Gluconacetobacter)
(Yamadaet al., 2012), such as K.
xylinus (Zakaria and Nazeri, 2012), K.
nataicola, K. hansenii and K. swingsii
(Lisdayanti et al., 2006 and Castro et
al.,2011). The cellulose-producing
bacteria are commonly found in natural
sources such as flowers, vegetables,
nuts, sugar cane and, in particular,
rotten fruits (Park et al.,, 2003).The
production of BC depends on several
factors such as bacterial species,
cultivation media, cultivation method,
temperature, pH, inoculum size, carbon
source and nitrogen sources (Jung et
al., 2005; Keshk and Sameshima,
2005; Chawla et al., 2009 and Zakaria
and Nazeri, 2012).

Gamma radiation may cause some
mutations to the microbial genes
through the DNA repair mechanisms
within the cells (Thacker, 1999).
Microorganisms differ greatly in their
resistance to radiation. The radiation
resistance of a microorganism is
measured by the so-called decimal
reduction dose (D10 value), which is
defined as the radiation dose (kGy)
required to reduce the number of that
microorganism by 10-fold (one log
cycle) or required to kill 90% of the
total number (Aquino, 2012). Such
mutants with increased productivity
can reduce the cost of the production
process and may possess some

specialized desirable characteristics
(Karanam et al, 2008).

The main objective of this study is
to maximize biocellulose productivity
by Komagataeibacter rhaeticus K
isolated from kombucha tea in Egypt
through  optimization of various
parameters in the cultural conditions.
Determinations of D10-value for
bacterial cellulose producing isolate
cells and enhancement the ability of K.
rhaeticus K for cellulose Production by
using random mutation effect by
gamma radiation technique.

MATERIALS AND METHODS

Microorganism

Komagataeibacter rhaeticus K
used in this study was isolated from
kombucha tea in Egypt by using
Hestrin-schramm (HS) liquid and agar
media (Hestrin and Schramm, 1954) in
Food Microbiology Lab, National
Center for Radiation Research and
Technology, Atomic Energy Authority.
The isolated bacteria was identified by
morphological, physiological and
biochemical characteristics as well as
by 16S rRNA gene sequence analysis.

Inoculum preparation

Inocula  were prepared by
transferring one colony of K. rhaeticus
K from HS agar plate to sterile 50-ml
conical flasks containing 10 ml HS
liquid medium. The culture was
incubated statically at 30°C for 48h.

Cultivation and harvesting of BC

One ml of 48h fresh culture was
added into a sterile 250ml conical flask
containing 50ml liquid HS medium
and incubated statically at 30°C for 7
days. The white pellicle formed on the
surface  was harvested through
filtration and purified by treating with
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0.5 N NaOH at 90°C for 1h to remove
the Dbacterial cells and medium
component and then rinsed with water
three times. The BC pellicle was dried
at 105°C for 12 -24h, or until at
constant weight (Suwannapinunt et al.,
2007).

Fermentation

Hestern-Schramm  (HS)  broth
medium composed of (g): glucose 20,
peptone 5, yeast extract 5, Na,HPO,
2.7 and citric acid 1.15 in 1L distilled
water (Hestrin and Schramm, 1954),
Glucose ethanol medium (GEM)
composed of (g): glucose 15, peptone
3, yeast extract 3, ethanol 5ml in 1L
distilled water and sucrose acetic acid
medium (SAM) composed of (Q):
sucrose 20, yeast extract 3, peptone 3
and acetic acid 3ml in 1L distilled
water (Hanmoungjai et al., 2007) were
used for the production of BC. One ml
of 48h fresh HS culture was transferred
into 50- ml conical flasks of each
medium and incubated at 30°C for 7
days. After cultivation period, BC was
harvested, purified, washed and dried
as previously mentioned.

Media optimization

Several  factors  (temperature,
Incubation period, pH values, culture
age, inoculum size, static and agitation
culture, various carbon sources,
various nitrogen sources as well as
glucose and ethanol concentrations)
were tested in sequence to determine
the optimal conditions of culture
medium for the production of BC.
Incubation under different
fermentation temperatures (15, 20, 25,
30, 35 and 40°C) was tested first for 7
days of incubation. Then, different
incubation times (from 1 day to 10) to
establish the best incubation period.
Medium acidity and alkalinity were
conducted through different pH ranges
from 3 to 8. For the determination of
the best culture age, 1ml of freshly

prepared culture was taken during
different growth phases (24, 48, 72, 96
h) and transferred to the fermentation
medium. Then different inoculum
volumes (1, 2, 3, 4, 5% (v/v)) from the
48h freshly culture were used to
identify the best inoculum size. The
incubation under static and agitated
fermentation was also tested. Different
carbon (glucose, maltose, fructose,
galactose, mannitol, melibiose,
sucrose, mannose and trehalose) as
well as nitrogen sources (yeast extract
& peptone, beef extract, ammonium
chloride and potassium nitrate) were
tested.

After best carbon source was
chosen, the test for its optimum
concentration was followed at different
concentrations [1-5% (w/v)]. Finally,
ethanol was added to the modified
medium at concentrations of 0.5-2.5%
(v/v). On the other hand, one flask was
left without addition of ethanol as a
control. All the experiments were
carried out into 250 ml conical flasks
and incubated for the specific time
period. After cultivation period, BC
was harvested, washed and dried as
previously mentioned.

Gamma radiation

To construct radiation response
curve of bacterial isolate, test tubes
containing 10ml of fresh HS culture
were exposed to different doses of
gamma radiation (0, 0.5, 1, 1.5 and 2.0
kGy). After irradiation, the tubes were
ten-fold diluted, cultivated on HS agar
media and incubated at 30°C for 48h
.The colonies were counted in each
dish and the D10 value was calculated
for bacterial cells. The D10 values for
the isolate was determined from
radiation dose response curves and
from the regression linear equation
y = a + bx (Lawerence, 1971). For
determination the effect of gamma ray
on BC production, test tubes
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containing 10ml of fresh GEM culture
were exposed to low doses (0, 0.2, 0.4,
0.6 and 1.0kGy) of gamma radiation.
After irradiation, one ml of each tube
was cultivated on GEM agar medium
and incubated at 30°C for 48 h. Single
colony from each dish was transferred
into 50-ml conical flask containing 10
ml GEM liquid medium (pH 5), then 3
ml of 48h fresh culture was added into
a sterile 250ml conical flask containing
50 ml GEM liquid medium (pH 5).
The flasks were incubated at the
optimized conditions. After cultivation
period, BC was harvested, washed and
dried and the effect of gamma ray on
BC production was determined.
Irradiation was carried out using
cobalt- 60 irradiation source (Gamma
Chamber 4000 India) located at
National ~ Centre for  Radiation
Research and Technology (NCRRT) —
Egyptian Atomic Energy Authority
(EAEA), Cairo, Egypt. The irradiation
dose rate at the time of experiment was
2.08 kGy/h.

Parameters of bacterial cellulose
production

Productivity and conversion factor
were calculated according to Vieira et
al. (2013) using the following
equations:

Productivity (g/d) = cellulose dry
weight (g/l)/ fermentation time (d)

Conversion factor (g/g) = cellulose dry
weight (g/l)/original sugar (g/l)

Statistical analysis

The experiments were carried out
in triplicate, and results were reported
as mean + standard deviation values.
Analysis of variance (ANOVA) of data
was carried out using IBM SPSS
version 22.0.

RESULTS AND DISCUSSION

Komagataeibacter rhaeticus K
used in this work was isolated from
kombucha tea in Egypt (Identification
results not shown). Fig. (1) shows the
results of BC dry weight (g/l),
productivity (g dry BC/day) and
conversion factor (g dry cellulose/g
sugar) by Komagataeibacter rhaeticus
K on three different media. It is
obvious that the level of BC produced
in the used media ranged from 1.4 to
4.0 g dry weight/l. These values are in
accordance with the values obtained by
Suwanporsi et al. (2013) who found
that the isolate Gluconacetobacter
isolate PAP1 gave 1.15¢g/L BC in HS
medium and BC yield increased three
fold (3.5g/l) when D-glucose in HS
medium was replaced by D-manitol.
However these values are higher than
that obtained by El-Saied et al. (2008)
who found that the maximum vyield of
BC by Gluconacetobacter sub SP.
Xylinus (ATCC 10245) was 0.792 g/l
in manitol medium and 1.045 g/l in
corn steep liquor medium. Also, Coban
and Biyik (2011) found that BC
produced in HS broth by Acetobacter
pasteurianus HBB6 was in the range
of 0.007 to 0.04g/l and for A,
Lovaniensis HBB5 was in the range of
0.006 to 0.035¢g/l. However, our results
are lower than that reported by
Gayathry and Gopalaswamy (2014)
who found that the yield of BC
produced in HS medium by A. Xylinum
(sju-1) was 11g/l. From our study it is
obvious that GEM medium gave the
highest BC production (4.0£0.3g/1)
followed by HS medium (2.4+0.11g/l).
The lowest BC production
(1.14+0.3g/l) was recorded in SAM
medium. The highest production of BC
in GEM medium could be attributed to
the presence of ethanol in this medium
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which resulted in increasing the BC
production by removing cellulose
negative  phenotypes  from  the
population (Park et al., 2003). It is a

well-documented fact that production
of biocellulose is influenced by the
presence of ethanol (Saxena and
Brown, 2005).

BC parameters

HS GEM

Media

# D Wig/L)
H productivity(g,/d)

= convertion factor(g/g)

Fig. (1): Effect of Different media on BC production by K. rhaeticus K
- Data are expressed as mean values + standard deviation (n = 3)
- Columns with different superscripts (a-c) are significantly different

(p<0.05)

The influence of incubation
temperature on BC production was
shown in Fig. (2). There was no BC
production by K. rhaeticus K recorded
in liqguid GEM medium at 15°C and at
40°C. The maximum production
(4.1£0.32g/L) was found at 30°C.

Many investigators found that the
optimum growth temperature for
biocellulose production was observed
at 30°C (Son et al., 2001; Pourramezan
et al., 2009; Coban and Biyik, 2011;
Zkaria and Nazeria, 2012 and Abd-
elhady et al., 2015).

BC parameters

15 20 25

Temperature(*C)

# D.Wig/L)
M productivity(g,/d)

= convertion factor(g/z)

35 40

Fig. (2): Effect of different incubation temperatures on BC production by K.

rhaeticus K

- Data are expressed as mean values * standard deviation (n = 3)
- Columns with different superscripts (a-c) are significantly different

(p<0.05)
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Fig. (3) Represents the influence
of period on BC production. BC was
significally increased as incubation
period increased. The maximum
production of BC was recorded at 7
days of incubation. After 7 days there
was no significant increase in BC
production. These results are almost
similar to that obtained by Surma-
Slusarska et al. (2008) who reported
that the greatest increase in the weight
of BC obtained from Acetobacter
xylinum took place after 7-8 days.

Panesar et al. (2009) also reported that
the maximum production of BC
(1.6g/L) by Acetobacter aceti MTCC
2623 was obtained after 7 days
incubation period. El-Saied et al.
(2008) found that the rapid
enhancement of BC production by
Gluconacetobacter Xylinus
(ATCC10245) in corn steep liquor
medium as the incubation period
increased up to 7days reaching a
maximum BC production of about
3g/L.

BC parameters
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Fig. (3): Effect of different incubation time on BC production by K. rhaeticus K

- Data are expressed as mean values + standard deviation (n = 3)

- Columns with different superscripts (a-e) are significantly different

(p<0.05)

The pH value of growth medium
plays an important role in the
production of BC. Fig. (4) indicates
that K. rhaeticus K under investigation
could produce BC in a wide range of
pH value. The highest biocellulose
production (4.2g/L) was recorded at
pH 5, while the lowest production
(1.269/L) was recorded at pH 8. These
results are linked with those obtained
by Zakaria and Nazeri (2012) who
found that the pH 5.5 was the optimum
for BC production by A. Xylinum.

Fontana et al. (1990) found that the
optimum pH range for cellulose
production by A. Xylinum was 4 to 6,
while Galas et al. (1999) demonstrated
pH 4 to 7 as optimum for BC
production by A. Xylinum. Masaoka et
al. (1993) used pH 6 as optimum for
BC production by A.  xylinum.
Verschuren et al. (2000) reported pH
40 and 5.0 to be ideal for the
development of BC obtained from A.
xylinum.
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BC paremeters
[ %]
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= convertion factor(g/g)

Fig. (4): Effect of different initial pH values on BC production by K. rhaeticus k

strain

- Data are expressed as mean values + standard deviation (n = 3)

- Columns with different superscripts (a-c) are significantly different

(p<0.05)

The influence of culture age and
size on the production of K. rhaeticus
k grown on GEM medium at 30°C for
7 days under static condition is shown
in Figures (5&6). Fig. (5) Indicates
that BC production reached its
maximum (4.4g/L) with 48h cultural

age, then decreased after 72 and
96h.Fig. (6) Shows that there was a
fluctuation of the cultural size results.
However, the maximum dry weight
(4.6g/L) of BC was found at 6% (v/v)
of inoculum size.

BC parameters

24 4

imnoculum age(h)

= D Wig/SL)
M productivity (g, d)

= conwvertion factor{g/g)

o6

Fig. (5): The effect of different inoculum ages on the production of BC.

- Data are expressed as mean values + standard deviation (n = 3)

- Columns with different superscripts (a-b) are significantly different

(p<0.05)
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BC parameters
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Fig. (6): The effect of different inoculum volumes on the production of BC
- Data are expressed as mean values + standard deviation (n = 3)
- Columns with similar superscripts (a) aren’t significantly different

(p<0.05)

BC can be produced under
agitation or static culture condition. In
this experiment the cultivated culture
was incubated at 30°C under static and
agitation (150 rpm) condition for 7
days. Fig. (7) shows that incubation
under static conditions gave higher BC
yield (4.7+£0.57g/L) than incubation
under shaking conditions which only
gave 2.5¢g/L. Many researchers have
found that more BC was produced in
static than that in agitated one. The
problem in agitated culture is

formation of cellulose- non producing
mutants, which give low BC
concentrations and a BC with no
uniform  structures  (Valla and
Kjosbakken, 1982 and Park et al.,
2004). Culturing G. hansenii under
agitated conditions resulted in the
formation of cellulose negative (Cel’)
phenotypes, which become enriched
over time in comparison to wild type
phenotypes, resulting in low cellulose
production (Kim et al., 2007).

BC parameters
] W £ n

=

shaking

DWW/l

B productivity(g,/d)

= conwvertion factor(g/g)

Fig. (7): Comparison between agitated and static culture for BC production by

K. rhaeticus K

- Data are expressed as mean values * standard deviation (n = 3)
- Columns with different superscripts (a-b) are significantly different

(p<0.05)
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To optimize carbon source for
maximum production of BC by K.
rhaeticus K in GEM medium, different
carbon sources were used at
concentration of 1.5% (w/v). In this
experiment, our culture showed its
capability of utilizing a wide variety of
carbon sources for BC production but
at different levels. Table (1) shows that
the highest BC yield (4.6 g/L) was
recorded with glucose as carbon source
followed by sucrose (1.0 g¢/L) and
manitol (0.7 g/L). These results are in
good agreement with the results of
Jonas and Farah (1998), who reported
that the maximum BC production was

achieved by supplementing the
medium by 2% (w/v) glucose. They
added that glucose was selected as
carbon source due to the cost of
manitol. G. persinamonis produced
5.14 g/L of BC when glucose was
provided as carbon source. Travatti et
al. (2011) reported that G. sacchari
isolated from kombucha gave the
highest production (2.7 /L) of BC with
D-glucose as carbon source. Many
other investigators reported that
glucose as carbon source gave the
highest BC yield (Coban and Biyik,
2011 and Raghunathan, 2013).

Table (1): Effect of different carbon sources on bacterial cellulose production by
K. rhaeticus K grown on GEM medium.

Carbon source Dry wt(g/L) Productivity(g/d) Conversion
factor(g/g)

Glucose 4.6+0.23° 0.6571+0.02° 0.3066+0.01°
Sucrose 1+0.17° 0.1457+0.02" 0.068+0.01°
Maltose 0.14+0.023° 0.0209+0.003° 0.0097+0.001°
Fructose 0.45+0.07° 0.0647+0.011° 0.0302:+0.005°
Galactose 0.15+0.009° 0.0215+0.001° 0.01+0.0006°
Mannitol 0.73+0.02° 0.1047+0.003° 0.0488+0.001°
Arabinose 0.41+0.12° 0.058+0.02° 0.0271+0.008°
Melibiose 0.2+0.011° 0.0295+0.002° 0.0137+0.0007¢
Trehalose 0.51+0.02° 0.0723+0.003" 0.0337+0.002°

- Data are expressed as mean values * deviation (n = 3)
- Columns with different superscripts (a-e) are significantly different (p<0.05)

Table (2) shows the effect of
different organic and inorganic
nitrogen sources on the production of
BC by tested culture. Organic nitrogen
sources gave cellulose production
higher than inorganic sources. The
highest BC vyield (4.4+0.23g/L) was
recorded when a combination of yeast
extract and peptone were used
followed by yeast extract alone and
peptone alone. The lowest vyield

(1.1£0.23) was obtained when
ammonium chloride was used. These
results are in the line with Kim et al.
(2006) who found that the addition of
yeast extract gave the highest BC yield
(4.49 g¢/L) by Gluconacetobacter sp.
RKY5 were Pourramezan et al. (2009)
which obtained BC concentrations of
11.65 g/L by Acetobacter sp.4B-2with
0.7% yeast extract and 0.9 % peptone.
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Table (2): Effect of different nitrogen sources on bacterial cellulose production
by K. rhaeticus K grown on GEM medium.

Nitrogen Source Dry wt (g/l) Productivity (g/d) Conversion
factor(g/g)

Yeast & Peptone 4.4+0.23% 0.657+0.03% 0.306+0.01%

Yeast extract 3.1+0.3° 0.43+0.04° 0.204+0.02"
Peptone 3+0.2° 0.428+0.03" 0.2+0.01°

Beef extract 2.2+0.23° 0.323+0.03° 0.151+0.01°

Potassium nitrate 1.6+0.11° 0.238+0.02° 0.111+0.008"

Ammonium chloride 1.1+0.23° 0.162+0.032° 0.075+0.02°

- Data are expressed as mean values + standard deviation (h = 3)

- Columns with different superscripts (a-€) are significantly different (p<0.05)

From Table (1), it was clearly
obvious that, glucose proved to be the
most suitable carbon source for BC
production. Thus, glucose
concentration on the BC production
was investigated. The highest bacterial
cellulose vyield (6.4+0.41) obtained at

5% glucose concentration (Fig.8).
These results are similar with those
obtained by Son et al. (2001) who
found that the highest BC vyield by
Acetobacter sp. A9 was obtained at 4%
(W/V) glucose concentration.

BC parameters
=T "R T TR - i ot =l 00

1 2 3

Glucose concentration(%)

& D.wWig/L)

N Productivity(g/d)

= convertion factor(g/g)

4 5

Fig. (8): The effect of different glucose concentration the production of BC
- Data are expressed as mean values + standard deviation (n = 3)
- Columns with different superscripts (a-e) are significantly different

(p<0.05)

The effect of different ethanol
concentrations were represented in Fig
(9). The highest BC vyield (8.9+0.4)
was obtained at 2 % (v/v) of ethanol
which was about five times higher than
that of media without ethanol. These

results are in accordance with Son et
al. (2001) who found that adding 1.4%
g/L ethanol to 40 g/L glucose
increased BC production to 15.2¢/L,
which was about four times higher
than that of media without ethanol.
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Some other investigators reported that
when ethanol is used in combination
with glucose the efficiency of cellulose
production was enhanced in some
strains of G. hansenii (Jung et al.,
2005; Li et al., 2012; Masaoka et al.,

1993; Park et al., 2003). The influence
of ethanol on G. hansenii growth and
cellulose synthesis have found ethanol
to be effective at removing cellulose
negative  phenotypes from  the
population (Park et al., 2003).

10

BC parameters

] 0.5 1

a b | #D.wig/L)

Alcohol concentration(3s)

B productivity(g,/d)

convertion factor(g/g)

2 2.5

Fig. (9): The effect of different ethanol concentration on the productivity of BC
- Data are expressed as mean values + standard deviation (n = 3)
- Columns with different superscripts (a-e) are significantly different

(p<0.05)

lonizing radiation can be used for
induced mutation and enhancing the
microbial productivity (Chuan-Xiao et
al., 2004). lonizing radiation induce
mutagenesis by generated reactive
oxygen species (ROS) that react with
DNA, RNA and their precursors lead
to damage nucleic acids and
nucleotides by detectable deletions,
major rearrangements and into point

mutation (Al-Sudany et al., 2010). Fig.
(10) shows the dose response curve of
K. rhaeticus k which was 0.38 kGy.
Fig. (11) shows the effective of
different gamma radiation doses on
bacterial cellulose production. The
tested bacteria gave the highest yield
of cellulose (9.3+0.4) when their cells
are exposed to 0.4 kGy.

\\
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8 ‘h““--_‘_‘_
&
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o
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=
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Zz 3 y=-2.779% + 7.755
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1
]
o 0.5

Irradiation dose (kGy)

P

L “‘s_‘__\_'

1.5 2 2.2

Fig. (10): Radiation dose response curve of K. rhaeticus K
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Fig. (11): Effect of different doses of gamma ray on the productivity of BC

- Data are expressed as mean values + standard deviation (n = 3)

- Columns with different superscripts (a-b) are significantly different

(p<0.05)

In conclusion, the optimized
cultural  conditions and gamma
radiation dose for K. rhaeticus K were
determined. The maximum BC dry
weight yield (9.3+0.4g/L) by K. rhaeticus
K was obtained in static culture under
the optimized conditions compared
with BC yield (4+0.3g/L) in normal
standard medium. This means that the
BC vyield increase about132% under the
optimized  conditions. The results
obtained from this study should help
design better conditions for the
production of cellulose by K. rhaeticus
K isolate.
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