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Production of Bacterial Cellulose and Cellulase
Enzyme using Wastepaper Hydrolysate and
Coconut Water as Dual Cheap Carbon Sources
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Abstract--- Bacterial cellulose (BC) is a highly crystalline
and mechanically stable nanopolymer, which has excellent
potential as a material in many novel applications, especially
if it can be produced in large amounts from an inexpensive
feedstock. Traditionally, BC is produced from expensive
culture media, containing glucose as carbon source and other
nutrient sources resulting in very high production costs, which
limits the use of this material to very high value added
applications. The use of cheap carbon and nutrient sources is
an interesting strategy to overcome this limitation and
therefore to increase the competitiveness of this unique
material. Waste papers as well as coconut water, rich source
of carbon is used for economical production of BC. In this
study, the possibility to combine production of BC and
hydrolytic enzymes from waste was investigated. Bacterial
cellulose and enzymes were produced through sequential
saccharification and fermentations with the filamentous mixed
fungal cultures and the bacterium Gluconacetobacter xylinus.
The BC yield in paper hydrolysate based medium reached 7.2
g/l and in coconut water medium reached 8.3 g/l after 4 days
of cultivation but in medium containing mixture of coconut
water and paper hydrolysate the BC yield was increased to 10
g/l. The cellulase enzyme was produced from bacterial
cellulose production medium and was found to be 1.02 U/ml.
It was shown that waste paper as well as coconut water is a
suitable raw material for production of bacterial cellulose and
enzymes through sequential fermentation. The concept studied
offers efficient utilization of the various waste materials and
affords a possibility to combine production of two high value-
added materials. (Abstract)
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I INTRODUCTION

Production of high value-added materials from renewable
cheap waste feedstock is an interesting possibility [1].
One such value added material is bacterial cellulose (BC),
which is a nano-structured material produced by various
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species of bacteria. BC is mainly built up by microfibrils,
which are around 2—4 nm in diameter and which in turn build
up fibers with an approximate size of less than 100 nm.

Many species of bacteria, such as those in the genera
Gluconacetobacter, Agrobacterium, Aerobacter, Azotobacter,
Rhizobium, Sarcina, Salmonella, Enterobacter, Escherichia
and several species of cyanobacteria are reported to produce
extracellular cellulose [2-4]. Bacterial Cellulose has many
desirable properties such as high purity (free of lignin and
hemicelluloses), high crystallinity, a high degree of
polymerization, a nano-structured work, a high wet tensile
strength, a high water holding capacity and good
biocompatibility [5].

The fine and well-ordered structure of BC offers several
advantages when it is used in matrices with other materials,
such as low thermal expansion and superior reinforcement [5-
6]. Today, BC has reached a wide array of applications, such
as health food, cosmetics, pharmaceutical and biomedical
products, reinforcement of high-quality papers, diaphragms
for electro-acoustic transducers, paint additives, coatings,
reinforcement for optically transparent films, and proton-
conducting membranes of fuel cells [7].

Bacterial cellulose (BC) has excellent potential as a
material in many novel applications, especially if it can be
produced in large amounts from an inexpensive feedstock.
Traditionally, BC is produced from expensive culture media,
containing glucose as carbon source and other nutrient sources
resulting in very high production costs, which limits the use of
this material to very high value added applications [8-9]. The
use of cheap carbon and nutrient sources is an interesting
strategy to overcome this limitation and therefore to increase
the competitiveness of this unique material.

This project researches the exploration of pollution causing
waste materials as cheap source for the production of this
biopolymer. An advantage of using agricultural or industrial
residual streams as feedstock for production of bacterial
cellulose is the low cost of the raw material [9]. Thus the
objectives of this were to investigate the appropriateness of
paper industry waste for production of BC, and the possibility
to combine the production of BC with production of
hydrolytic enzymes useful for degradation of lignocellulose.

Cheap media consisting of coconut water and sugar from
paper wastes hydrolysate can be used for bacterial polymer
production. The coconut water is good source of vitamins and
minerals to enhance the bacterial polymer production from
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industrial waste. The use of different microorganisms and
enzymes for the complete utilization of these industrial wastes
will produce biopolymers and enzymes which help in
manufacturing of products like bioethanol.

1. MATERIALS AND METHODS

A. Isolation and identification of organism

2 ml of grape juice samples were incubated statically at
pH 6.0 and 30°C for 7 days in 60 ml of Hestrin-Schramm (HS)
medium composed of 4.0% D-glucose, 1.0% peptone, 1.0%
yeast extract, 0.54% Na,HPO, and 0.23% citric acid [12].
After incubation, the cultures were streaked onto HS-agar
plates. The growth of the colonies was observed during
incubation at 30°C for 3 days. White to cream colonies with
mucous structure was purified by repeated streaking onto agar
plates. Morphology of the cells was examined under light
microscope. Gram staining was performed to select gram
negative strains. The motility of cells was observed by
hanging drop method.

Purified cultures were streaked onto CaCOs-agar plates to
confirm acid production and investigate over oxidation of
acetic acid by formation and disappearance of clear zones
around colonies [2]. CaCOs-agar medium was composed of
0.05% D-glucose, 0.3% peptone, 0.5% yeast extract, 1.5%
CaCOs;, 1.2% agar and 1.5%(v/v) ethanol. Microbial growth
was examined during incubation at 30°C for 2-7 days. Acid
forming colonies were subjected to further biochemical tests.
Catalase, oxidase and indole tests were performed using BD
reagent droppers. Acid production from fructose, galactose,
glucose, lactose, maltose, sucrose and xylose was investigated
by using 1% of tested sugar solution as the only source of
carbon. Urea broth was used to determine urea utilization.
Citrate utilization was tested using citrate broth.

B. Cellulose production

Inoculum was prepared by inoculation of 10 ml test tubes
containing HS broth. The tubes were incubated statically at
30°C for one week. Cellulose production was carried out by the
addition of 1% (v/v) seed broth to the culture medium.
Cellulose formation was monitored by the appearance of a
white pellicle on the surface of culture broth. The cellulose
pellicles produced by acetic acid bacteria was confirmed by
treating the pellicles with 0.5N NaOH. The broth was
centrifuged for 10 minutes at 4,000g. After washing three times
with distilled water, pellicles were subjected to boiling for 15
minutes with 0.5 N NaOH. Cellulose is resistant to this
treatment and thus remaining material was accepted as
cellulose free from microbial cells and medium components
[3]. Cellulose was washed three times with distilled water and
dried at 105°C.

C. Production of cellulase

Enzyme production with Penicillium citrinum SCET 3 was
performed by using spent hydrolysates obtained after BC
production, and with the addition of 1% (w/v) of the
corresponding dried paper waste. Reference medium, which
was used as a control, was based on glucose (10 g/L) with 1%
(w/v) additional waste paper. Each of a series of 500-mL

flasks contained 100 mL spent hydrolysate supplemented with
0.1% (w/v) tryptone, 0.05% citric acid, 2% Vogel’s media [11],
and 0.015% Tween 80. The flasks containing the media were
autoclaved at 110°C for 30 min. The flasks were then
inoculated with 5% (v/v) of a suspension of P.citrinum SCET 3
spores from a culture with glucose-based reference medium
that was pre-grown at 30°C for 36 h. The cultivations were
carried out at 28°C and 160 rpm for the following 15 days.

D. Enzyme activity assay

The cellulase activity of each culture was measured by
determining the amount of reducing sugars liberated by using
a dinitrosalicylic acid (DNS) method. One unit of FP-ase was
defined as the amount of enzyme, which released umole of
reducing sugar measured as glucose per min under the assay
conditions.

E. Filter paper assay

Filter paper assay (FPase) for total cellulase activity in the
culture filtrate was determined according to the standard
method. 0.5ml of culture filtrate as enzyme source was added
to Whatman No. 1 filter paper strip (1 x 6 cm; 50 mg)
immersed in 1ml of 0.5 M Sodium citrate buffer of pH 5.0.
After incubation at 50 ° C for 1h, the reducing sugar released
was estimated by dinitrosalicylic acid (DNS) method [13]. One
unit of filter paper (FPU) activity was defined as the amount of
enzyme releasing 1 umole of reducing sugar from filter paper
per ml per min.

1. RESULT AND DISCUSSION

The isolation of Gluconobacter from grape juice was done
on selective media containing ethanol. Only Gluconobacter
will grow in this media. 15 white to cream colonies with
mucous structure were observed after incubation and they
were purified by repeated streaking on to agar plates.

Three Gram negative rod shaped bacteria were observed
when viewed under light microscopy. They were named as
SCET 4, SECT 7 and SCET 8. These Gram negative cultures
were transferred onto CaCOs-agar plates for visualization of
acid production. The isolate formed CaCOs clear zones. The
isolates SCET 7 had given maximum clear zone. These
colonies were selected as acetic acid bacteria and were
subjected to further analysis. The biochemical properties of
the isolates capable of cellulose production and reference
strains are summarized in Table 1.

Table.1 Biochemical characteristic of bacterial isolate SCET 7

Characteristics MTCC Culture Isolate
Motility + +
Catalase + +
Indole _ _
Cellulose production + +
Oxidation of acetate + +
Citrate + +
Acid production from

D-glucose + +
Sucrose + +
Fructose _ _
Lactose _ _
Galactose + +
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Maltose _ _
Mannose + +
Xylose + +

The bacterial cellulose production by isolates SCET 7
and MTCC in production media was compared. The turbidity
of the culture broth increased within hours of inoculation and
a cellulosic film was obtained on the air-liquid interface after
the 4™ day of incubation in production media inoculated with
SCET 7 and MTCC cultures (Figure 1). Incubation was lasted
for a week and cellulose production was monitored. The pH
value of the media decreased during the cultivations, from
around pH 5 to around pH 3.
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Figure 1: Comparative Study of Bacterial Cellulose
Production by MTCC and SCET 7 Isolates on Cellulose
Production Medium

The isolated bacterial pellet was confirmed by treating
with cellulase enzyme as well as by NaOH treatment. The
bacterial cellulose was used as substrate for cellulase enzyme.
Bacterial cellulose and enzyme was mixed with acetate or
citrate buffer and incubated at 50°C for 1 hr. After incubation
the reaction was stopped by heating for 5 min and DNS assay
was carried out. The DNS assay has given positive result for
reducing sugar. In this way the presence of bacterial cellulose
in production media was confirmed.

The amount of sugar present in the natural carbon sources
was estimated by DNS method. Carbohydrate analysis of
paper hydrolysate and coconut water showed presence of 7.5
and 8.3% of total sugar respectively. Figure 2 shows the
bacterial cellulose production from various natural carbon
sources provided at 2% in HS medium with 2.0% peptone,
0.5% yeast extract, 0.115% citric acid, adjusted to pH 6. After
7 days of incubation the cellulose yield was calculated. The
BC yield in paper hydrolysate based medium reached 7.2 g/l
and in coconut water medium reached 8.3 g/l after 4 days of
cultivation but in medium containing 2:2 mixture of coconut
water and paper hydrolysate the BC yield was increased to
10g/l (Figure 2). In another study, BC production was
undertaken from various fruit juices including orange,
pineapple, apple, Japanese pear, and grape [10].
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Figure 2: Bacterial Cellulose Production using Cheap Carbon
Source using SCET 7 Isolates

The cellulase enzyme was produced from spent Bacterial
cellulose production medium and was found to be 1.02 U/ml.
Coconut water is rich in carbohydrates, proteins, and trace
elements; they can be used as good nutrients for the
production of food grade bacterial cellulose. Use of these
cheap substances should provide economical sources of
nutrients for the production of bacterial cellulose.
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