Effect of Dissolved Oxygen on Cellulose
Production by Acetobacter sp.
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The aim of this study was to examine the effect of dissolved oxygen from agitation
on the production of cellulose by Acetobacter TISTR 975 when grown in a coconut water
mediumwith MgSO, and NH,HPO, added. The addition of sucrose at 4.98% wi/v, an initia
pH of 4.9 and agitation at 100 rpm were the optimum conditions for cdlulose production.
The cellulose production was 5.67 g/l of culture medium. Increasing rotation speed
increased the dissolved oxygen in the medium and aso increased the gluconic acid content.
Producti on was reduced when excessively high oxygen content in the medium was present.
The addition of carboxymethyl cellul ose to the culture medium caused a decrease in oxygen
content and the production of cellulose was reduced. This indicated that there was an
optimum amount of oxygen that when dissolved in the culture medium would produce the
highest cdlulose yied. Levels of oxygen that were ether below or above this amount
resulted in a decrease in production.

Key words: Acetobacter sp., cdllul ose production and aerated culture fermentation.

“Department of Food Technol oO(]gy, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand.

§I nstitute of Food Research an
Dep

Product Development, Kasetsart University, Bangkok 10900, Thailand.

artment of Food Technology, Faculty of Agro-Industry, King Mongkut Institute of Technology-Ladkrabang,

Bangkok 10520, Thailand.
“Department of Mathematics, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand.
*Correspondence to: e-mail: tsumate@chula.ac.th

J. i Res. Chula. Univ., Val. 30, No. 2 (2005)

179



Sumate Tantratian, Pramote Tammarate, Waravut Krusong, Pattarasi nee Bhattarakosol
............................................................................................................ and Angkana Phunsri

wammaaﬂv?muﬁazmmiamiwaﬂwagiaﬁiﬂﬂ Acetobacter sp.

a 1 [ (4

% = J v d an
D AUATIDYT '1.]5111”/]3 HITUIAU 1A AFAI ANTAU ﬂﬂﬁjﬂﬁﬁ uag

U

senan wssmes (2548)

Ay Aa 4 L4 a 12
Nsms e Inemans ywasnsaiunanenas 30(2)

Aawv dydw S A = a ~ [ 9
MRl Tagiszasdiiednywave o ondiouiazatsaonsdsuwag laaves
Y Y 1 ' E4
e Acetobacter TISTR 975 luermsiiwezwdndudy MgSO, uaz NH,HPO, ieidelu

1 Y v
ANINLVYN iﬂﬂﬂﬁ‘ﬂﬂa@QW‘]J’ﬂﬂTJzﬁLWZJ1$?f3JGIE]ﬂﬁﬁ§JNlGBaQIaﬁ ﬁ@ mmaﬁmzw%’nﬁ

'

Y
wihananse 4.98% (W) anuilunsa 4.9 vazarusrsevlunisivér 100 seudeniii

a =4 Y 2 v [a 1 a a
%au‘mammmainmaqiaa"lﬂ 567 ﬂiiJ/aG]i"UENE)'I‘H1iLWﬁ’J waznuNUTuaeongu

Q

Tuermsmattiesuinnasanmsndnriulld 72 $27ue 9nn1snaasanuilsuia

pandauazats Tasnisweg1ain 50 @y 150 soudeuin wulSuaeendaunazalslu

=

g’ o A zﬁa{ L] Lg a A a 3’ % A -421 T Aa
HITUNL WUV ULUDIVYUITIVU uazmJimmmaaﬂsﬂﬂgiﬂuﬂuummmwmmmﬂimm
A& 9 o 4 o a & 4 A
L%agiaﬁm“ﬁ@ﬁiﬂﬂaﬂaﬂaﬁ !,1101/11ﬂ1§aﬂﬂiﬂ1m®®ﬂ"’]ﬂﬁ]u‘ﬂa$a18114@114151@8?11511/\1%
A Y v (a A oy & g £ < Y A A
AIMUNUAUDIUTINUN W“lJ’Jﬁ.IiiﬂmL%ﬁ@jaﬁ‘VlﬁiNﬁUuu@ﬂai G]Ni]%muﬂﬂﬂﬂ@ﬂ“]ﬂﬁ]u%

azaeTuenmamar lulsinaimimng audee: 195 ivag Taageniga

mgnsy Acetobacter sp. mskdaaaglas nmsminnuuve

180 J. i Res. Chula. Univ., Val. 30, No. 2 (2005)



Effect of Dissolved Oxygen on Cellulose Production by ACEtObacter Sp........cvveeieeieeiviie e

INTRODUCTION

Acetobacter xylinum is known as a
cellulose producing bacteria. Besides the proper
amount of nutrients in the medium, the culture
prefers a cam and undisturbed condition to
produce celulose. This dill  fermentation
produces cdlulose at a yidd that is not suitable
for use on an industrial scde A means of
increasing the production of cellulose by A.
xylinum was studi ed.

Acetobacter sp. is an obligate aerobe
microorganism. It needs oxygen to grow and
produce cdlulose” There are many researchers
attempting to increase the cellulose production
of Acetobacter through agitation of the medium.
It was found that agitation of the culture medium
did not increase the cellulose production, but
rather it reduced the production yidd. Also the
cellulose produced in an agitated culture was
formed into pelets which differ from the
pellicles formed in satic cultures®  Many
researchers hypothesized that this might be
because of atemporary mutation of the cultureto
negative cellulose producers. The increasing of
these mutants in the culture would cause the
reduction in the production.

The oxygen content in the medium is
another factor affecting the production of
cellulose. Watanabe and Y amanaka® found that
increasing the oxygen content in Acetobacter
culture at the liquid/air interface of the medium
without agitation produced a thinner pelicle.
Joris et al.”” attempted to increase the celulose
production by increasing the oxygen content in
the medium by shaking. However, they found
that the production was reduced up to 50% and
the gluconic acid content in the medium was
increased.

The present study was amed at
determining the affect of increasing the amount
of dissolved oxygen on the cdlulose production by
Acetobacter . in an agitated culture.  The
dissolved oxygen in the liquid medium was
varied by the addition of polysaccharide in the
form of carboxymethyl cdlulose (CMC). As
polysaccharides were added to the liquid, they
increased the viscosity of the liquid and adso
acted as barriers to prevent oxygen from
diffusing into the liquid. The addition of
polysaccharides into the culture medium
decreases the oxygen transfer from the air/liquid
interface to the medium.

J. i Res. Chula. Univ., Val. 30, No. 2 (2005)

MATERIALSAND METHODS

Microorganism Acetobacter TISTR 975
was obtained from Thailand Institute of Science
and Technology Research. The culture was
maintained on the coconut water agar dant and
stored in a refrigerator. The culture was
transferred to fresh coconut water agar dant
every 14 days. It was incubated a room
temperature (about 30°C) for 3 days prior kept to
refrigeration. The active culture was prepared by
transferring the stored culture into coconut
medium and incubating at 30°C for 3 days prior
to use as inoculums.

Preparation of medium

The coconut medium was prepared
following Punsri, et al.®® (2003). Fresh coconut
water was adjusted to contain soluble solids of
3% (w/v) by sucrose addition, boiled, then |eft to
cool. The coconut water then was modified with
0.05% (w/v) MgSO,, 0.05% (w/v) NH,HPO, and
2% (w/v) ethyl alcohol and used as the basic
medium. Coconut water agar was prepared by
the addition of 2% (w/v) agar to the basic
medium.

The optimum pH, sugar concentration and
rotation speed for the cellulose production

The optimum pH, sugar concentration and
rotation speed of the medium were examined by
applying the Box-Behnken Design across 15
treatments. Acetic acid (5%) was used to adjust
the pH of the basic medium to 4.0, 5.0 and 6.0.
The sugar was added to the medium in the
amount of 0.0, 50 and 10.0% (w/v). The
medium was poured into 250 ml, sterile
Erlenmeyer flasks. The inoculum of the culture
was 10% of the total volume of the medium.
The cultures were placed on arotary shaker set at
50, 125 or 200 rpm for 8 days at room
temperature. The amount of celulose was
measured after the @ ghth day.

The data were andyzed by Multiple
Regresson Analysis and the most suitable
condition for production was selected using
Response Surface Methodol ogy.©

The effect of dissolved oxygen on the cdlulose
production

The optimum conditions for the
fermentation of Acetobacter sp. TISTR 975 were
used. The shaking speeds used were 50, 100 and
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150 rpm.  The amount of celulose produced
was measured. The dissolved oxygen in the
medium was measured by a portable oxygen
meter oxi320 (WTW Co.,, Gemany). The
number of cdls grown was counted by the TPC
method using coconut water with 2% agar as
medium. The gluconic acid was measured by an
HPLC (Shimadzu LC-3A) sysem furnished with
Zorbox-C8 (L-3555) column, usng 20 mM
Phosphoric adid (pH 25) as solvent and a flow
rate of 1 ml/min.

CMC 03, 02 and 0.1% w/v was
introduced to the culture medium. The cultures
were shaken for 6 days on a rotary shaker at the
determined optima speed for cdlulose
production. The cellulose production, amount of
dissolved oxygen, viable cdls, amount of
reduci ng sugar and viscosity of the medium were
determined.

........................................... and Angkana Phunsri

Determination of the cellulose content

The amount of cdlulose in the pdlicles
was measured by boiling the harvested pdliclein
0.1 N NaOH for 10 minutes. The pellicles were
then soaked in water for at least two hours.
Then, they were dried at a temperature of 100°C
until the weight no longer changed. The weight
of the dried pdlicles was expressed as cdlulose
we ght.

RESULTS AND DISCUSSION
The optimum pH, sugar concentration and
rotation speed for the cellulose production
The amount of cellulose produced from
the fermentation of various pH and sugar
concentrations was determined. The data were
andyzed with Multiple Regresson Analyss
with p< 0.05. The rdationship of the celulose
produced (g/l) (Y) and pH (x1), the amount of
added sugar (%) (x2) and rotation speed (X3) is
expressed in equation. 1 with r* = 0.8932.

Y =-14.770287 + 7.832375x; + 0.190175x, + 0.028506 x, — 0.805583x;” — 0.0518x:X;
- 0.002543x;x3 — 0.0190715x,” + 0.000593x,X3 — 0.000136x5” - (1)

The dtatistical analysis of the data showed
that only the independent variables of pH (x1)
and rotation speed (x3) were significant (p<0.05).
To find the optimd oconditions for celulose
production, partial differentiation by differentiation
of vdue Y agang X;, %, and x; was performed

assuming that dY/dx,, dY/dx, and dY/dx; were
equal to 0. We got the amount of added sugar
(x2) = 4.98%. By pladng the value of x; in
equation 1, we got the prediction equation as
equation 2.

Y =-14.770287 + 7.832375x, + 0.028506x; — 0.805583x,” — 0.000136x> .. (2
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Figure 1. Surfaceplot of cellulose production (g/l) at various pH and amount of sugar
added (% w/v) at the eighth day of fermentation of shaken or agitated culture.
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The surface plot of equation 2 showed the
optimum pH was a 4.9 and optimum rotation
speed was 100 rpm (Figure 1). The production
of cellulose was 5.67 g of dry cellulose per liter
of liqguid medium when the amount of sugar
added to the medium was 4.98% (w/v).

The composition of the coconut water
varied depending on the location of the
plantation and the maturity and variety of the
coconut but most contained 2-3% sucrose” An
adjustment of total soluble solids of the coconut
medium was necessary. The coconut weater in
this experiment was adjusted to 3% total soluble
solids. The addition of 4.9% sucrose increased
the sugar concentration in the medium to about
8%, the optimum level for cdlulose production
by Acetobacter TISTR 975. This concentration
of sugar was agreed with Alaban.®

The pH of the fermentation medium had
an effect on the growth of Acetobacter sp.
Especidly effected were the synthesis of the
enzymes and cell division.® The optimum pH
of the Acetobacter TISTR 975 was found to be

reducing sugar (%)
cfu/m]

(@

4.98 which was in the range of 4-6 for A. xylinum
as reported by Masaoka et al..*?

The effect of dissolved oxygen on the cellulose
production

The dissolved oxygen in the medium was
varied by increasing the speed of shaking. It was
found that 100 rpm gave the highest amount of
cdlulose, 5.67 ¢/l of coconut water medium
(Figure 2). This optimal agitation speed agreed
with the data as predicted above, but the amount
of cellulose predicted by the equation at 100 rpm
was only 4.02 g/l.

It was found that sol utions processed at 50
rpm showed the smallest number of cells while
the other samples had the same higher number of
cdls. This could result from dissolved oxygen
increasing the growth of the cdls. After cell
number optimization, excess oxygen in the
medium did not further increase cell production.
The amount of reducing sugar utilized by the
culture in al conditions was the same. The
reducing sugar in the medium of al conditions
was reduced from the initial amount to about 1%.

cellulose (QII)

0 u 4 n 96 120 4

(b) "

Figure 2. Thereducing sugar content, cell number in the coconut medium of Acetobacter TISTR
975 (a), the amount of cellulose (b) produced at various rotation speeds; where
reducing sugar and cell number are shown as —¢— ,—¢— at 50 rpm; —=@— K —6—

at 100 rpm; and —*— , =& at 150 rpm, respectively.

The amount of oxygen dissolved in the
medium of the 150 rpm culture was the highest,
while there were only small amounts left in the
50 and 100 rpm cultures (Figure 3). Increasing
the agitation speed of the culture increased the
amount of gluconic add content in the culture
medium (Figure 4). In the 150 rpm culture, the
excess oxygen dissolved in the medium
increased the accumulation of gluconic acid and

J. i Res. Chula. Univ., Val. 30, No. 2 (2005)

the cellulose production was reduced.™ The
sample treated a& 50 rpm showed undetectable
levels of oxygen dissolved in the medium after
96 hrs of fermentation and found low amounts of
gluconic acid. Also cdlulose production was the
lowest; this might be because there was an
inadequate amount of oxygen for cell activities
and cellulose production.
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——50 rpm
—e—100 rpm
~4—150 rpm

Dissolved oxygen (mg/l)
(=] - N w -l: o @ ~ o

0 24 48 72 9% 120 144
hr

Figure 3. Dissolved oxygen in the coconut medium when Acetobacter TISTR 975 was cultured
under agitation.

Even though, Acetobacter sp. is an for cellulose production as shown in the
obligate aerobe bacterium,? it needs oxygen to  metabolic pathway presented by Ross, et al.*?
grow. The amount of oxygen inthe mediumthat  As the glucose was converted to substances
exceeded that needed by the culture might which were not associated to the cdlulose
function as a proton acceptor. It might oxidize  production pathway, this caused the reduction of
glucoseto gluconic acid instead of being utilized  cellulose production.

2.5
— 2.0
<
% 154 —+—50 rpm
s —e—100 rpm
'g 1.04 ~ —4—150 rpm
Q o«
3
> 0.5+

0 . ' ’ 3 n 1

0 24 48 72 % 120 144
hr

Figure4. Thegluconic acid content in the coconut medium when Acetobacter TISTR 975 was
cultured at variousrotation speeds.

The addition of CMC of 0.1, 0.2 and 0.3%  The cell numbers of the control (without CMC
to the coconut water medium increased the  added) medium was 4 times higher than that of
viscosity of the medium to 1.58, 1.82 and 2.06  the medium with CMC added. The utilization of
mPa.s, respectively. Increasing of the medium  reducing sugar by the cultures was adso found to
viscosity decreased the diffusion of oxygen into  be lower than in the medium without CMC
the culture medium. As the cultures were added (Figure 5). The cultures with the addition
shaken a the same rotation speed, the cultures  of CMC showed decreasing cellulose production
with added CMC were running out of oxygen  (Figure6).
faster than the ones without CMC added.
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reducing sugar (%)

cfu/ml

Figure5. Thereducing sugar content, cell number in the coconut medium of Acetobacter TISTR
975 produced when shaking at 100 rpm; where reducing sugar and cel number are
depicted as—¢—,—<%— at 0.1% CMC; —8— —6— at 0.2% CMC; =4 & at 0.3%
CMC; and —#— —{— control, respectively.

The medium with CMC added at 0.1 and
0.2% showed higher cellulose production than
contral in the first 72 hrs of fermentation. This
might be the effect of CMC. Ben-Hayim and
Ohad™ reported that CMC might induce the
pol ymerization of glucosein A. xylinum by up to

—+—0.1% CMC
——0.2% CMC
—4&—0.3% CMC
—s—eontrol

Dissolved oxygen (mg/l)

0 24 45 72 w8 120 144
hr

(@)

30%. As the fermentation continued, the
cdlulose production in those conditions was
reduced and the detected oxygen content in
the medium was very low after 72 hrs of
fermentation (Figure 6).

cellulose (g/l)
-y

-

0 U B % 120 s
hr
(b)

Figure 6. The dissolved oxygen (a) and cellulose production (b) in the cultured medium of
Acetobacter TISTR 975 when the amount of carboxymethyl cdlulose was varied.

This could also indicate that the amount of
dissolved oxygen in the medium affected the
cellulose production. The Acetobacter culture
needs oxygen at different concentrations to
produce energy for growing and to produce
cellulose. At theinitial state of fermentation, the
dissolved oxygen in the medium with added
CMC was limited. The culture might produce
the cellulose to float the cells to the surface of
the medium.  Cdlulose production in the
medium with 0.1% and 0.2% CMC added was

J. i Res. Chula. Univ., Val. 30, No. 2 (2005)

higher than the control (without CMC) samplein
which dissolved oxygen was detectable. After 48
hrs of fermentation, the dissolved oxygen was
found to be very low. An increase in cdl
numbers was not found while the utilization of
reducing sugar by the culture was less than that
of the samples without CMC added. In the
control culture, the shaking of the culture
provided oxygen for increasing the number of
cdls at theinitial state of the fermentation. After
72 hrs of fermentation, when smdl amounts of
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dissolved oxygen were detected, the culture
produced cdlulose instead of increasing the
amount of cells.

CONCLUSIONS

The dissolved oxygen in the culture
medium was a factor affecting cdlulose
production. The Acetobacter TISTR 975 needed
a proper amount of dissolved oxygen in the
medium to maximize cellulose production. Too
much dissolved oxygen content in the medium
increased gluconic acid content in the medium
and reduced cellulose production. Too low an
amount of dissolved oxygen content in the
medium could not provide enough oxygen for
the culture to grow and that caused the reduction
of cellulose production.
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