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PROCESS FOR BIO-BLEACHING OF KRAFT PULP USING BACTERIAL
CONSORTIA

Field of the invention | )
The present invention relates to an environment friendly, safe, and efficient four-step
method of bio-bleaching Kraft pulp using bacterial strains of accession no. MTCC 5096,
MTCC 5094, MTCC 5095, and MTCC 5098, a microbial consortium comprising a
synergistic mixture of ligninolytic bacterial isolates of accession no. MTCC 5094, MTCC
5095, and MTCC 5098, bacterial strains of accession Nos. MTCC 5096, MTCC 5094,
MTCC 5095, and MTCC 5098, and a process of preparing an innoculum of the bacterial
isolate of accession no. MTCC 5096, further, a process for the preparation of a consortium
c01nprisiné the ligninolytic bacterial isolates of accession nos. MTCC 5094, MTCC 5095,
and MTCC 5098, in addition, a process for the preparation of pulp suspension for the bio-
bleaching.
Background and prior art references
The process of lignin removal from chemical pulps to produce bright or completely white
finished pulp is called °‘Bleaching’. It is necessary for aesthetic reasons and for
improvement of paper properties, because the left over residual lignin after pulping imparts b
an undesirable brown color to paper. The present day bleaching of Kraft pulp uses large
amounts of chlorine based chemicals. The use of these chemicals generates chlorinated
organics, which being highly toxic cause various health hazards. Thus, an alternative and
cost effective method i.e. the use of microbes and enzymes, has provided a very simple and
economic way to reduce the use of chlorine and other bleaching chemicals.
Overview of the various Organisms
Fungi
Lignin is the most abundant aromatic polymer in the biosphere. It is found in the cell wall
of all vascular plants in association with cellulose and hemicellulose. Because inter-unit
bonds in lignin are not hydrolysable, lignin is difficult to degrade either chemically or
biologically. Lignin surrounds cellulose in the plant cell wall forming a matrix, which is
itself resistant to degradation. Lignin biodegradation is responsible for much of the natural
destruction of wood in use, and it may have an important role in plant pathogenesis. On the
other hand, potential applications utilizing lignin-degrading organisms and their enzymes
have become attractive, because they may provide environmentally friendly technologies
for the pulp and paper industry .To date, only a few groups of organisms are capable of

degrading complex lignin polymers, and they are best exemplified by the white rot fungi.
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Most of the research concerning biodegradation of lignin has been centered on some fungi
only such as Phanerochaete chrysosporium, Streptomyces viridosporus, Pleurotus eryngii,
Trametes trogii, Fusarium proliferatum (Regaldo et al., 1997) etc. (1) '

Wood-rotting basidiomycetous fungi that cause white rot in wood are the most efficient
lignin degraders in nature (Kirk and Farrell, 1987; Eriksson et al., 1990), and they are
perhaps nature's major agents for recycling the carbon of lignified tissues. No other
microorganisms as pure culture have been described to mineralize lignified tissues as
efficiently (Kirk and Cullen, 1998). They are a group of taxonomically heterogeneous
higher fungi, characterized by their unique ability to depolymerize and mineralize lignin
using a set of extracellular lignnolytic enzymes. Lignin degradation by white-rot fungi has
been intensively studied during the last thirty years in relation to biotechnical applications
such as biopulping, biobleaching, treating of pulp mill effluents, and soil bioremediation
(Akhtar et al., 1992, 1998; Lamar et al., 1992; Messner and Srebotnik, 1994).

In 1992, Frederick Archibald (2) demonstrated that the fungus, Trametes versicolor was
capable of substantial decolorization and delignification of unbleached industrial kraft
pulps over 2 to 5 days.

A year later, same group of workers demonstrated that a biobleaching culture supernatant
contained all components necessary for hard wood Kraft pulp (HWKP) biobleaching and
delignification, but the supernatant needed frequent contact with the fungus to maintain
these activities. Thus, labile small fungal metabolites may be the vital Biobleaching system
components renewed or replaced by the fungus. Nearly all the CO, evolved by HWKP
containing cultures came from the added glucose, indicating that HWKP is not an
important source of energy during Biobleaching. The presence of HWKP in culture
markedly increased the culture’s production of a number of acidic metabolites, including
oxalate, glyoxylate and glycolate.

Aspergilli, the versatile ascomycetes are also found to transform at a rapid rate a wide
spectrum of lignin related aromatic compounds. They are shown to overproduce high
levels of hemicellulolytic enzymes. (4)

Maria Teresa et al. have shown that Bjerkandera sp. Strain BOS5S5 is a white rot fungus
that can bleach EDTA extracted eucalyptus oxygen delignified Kraft pulp (UKP) without
any requirement for manganese. Furthermore, under manganese free conditions, addition
of simple physiological organic acids (e.g. Glycolate, glyoxylate, oxalate and others) at 1-5

mM stimulated brightness gains and pulp delignification two to three fold compared to
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results not receiving acids. The stimulation was attributed to increase production of MnP
and LiP as well as increased physiological concentrations of veratryl alcohol and oxalate.
These factors contributed to greatly improved production of superoxide anion radicals,
which may have been accounted for the more extensive biobleaching. (5)

Bacteria

The role of bacteria in lignin biodegradation is still a matter of conjecture. Some workers
have demonstrated that either mixed (Sundman et al., 1968) or pure culture of bacteria
(Sorensen, 1962) can grow on lignin as a carbon source. Pseudomonas spp. was claimed
by Kawakami (1976) and Odier and Monties (1977) to degrade plant lignins. Odier and
Montis also indicated several other bacterial strains that can use within seven days time
more than 50% of the lignin supplied in a mineral medium containing glucose.

Several Nocardia and Pseudomonas spp. as well as some unidentified bacteria, isolated
from lake water containing high loads of waste lignin, were tested for their capacity to
release '“CO, from specifically '“C -labelled dehydropolymer of coniferyl alcohol (DHP)
or corn stack lignins. However only some of them could release significant amount s of
“C0O, from the labeled lignin, The tested Nocardia spp. was more active than the
Pseudomonas spp. and the unidentified bacteria.(6)

Actinomycetes are filamentous bacteria which are found in soil and composts where
lignocellulose is decomposed. Several reports provide evidence that several species
belonging to the genus Streptomyces are able to degrade lignin. Other lignin degrading
Actinomycetes include Thermomonospora mesophila, Actinomadura, Micromonospora
with Streptomyces exibiting the highest lignin degrading ability. In most of the studies, the
lignin degrading enzyme was produced at higher levels in cultures containing
lignocellulose which suggests that an induction mechanism was active.

Ajit Verma et al.(1994) while working on symbiotic relationship between termites and
their intestinal microbes concluded that both termite soil and termite gut bacteria play an
important role in polymer depolymerization. Gut bacteria have the capacity to degrade
cellulosic and hemicellulosic materials more efficiently. Several bacterial isolates which
hydrolyze cellulose and hemicellulose have been obtained in pure culture from the termite
gut. Some of these are Arthrobacter sp., Bacillus cereus, Clostridium sp., Micrococcus sp.,
Streptomyces sp., Serratia marcescens. Only a few xylan decomposing bacteria have been
obtained from the termite gut (Micrococcus Iluteuns, Pseudomonas aeruginosa). The
question of lignin degradation by termites is intriguing, since much of the termite gut is

anaerobic and natural anaerobic mechanisms of lignin degradation are unknown.(7)
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Berrocal et al. (1997) have shown that cell free filtrates from streptomyces sp. Grown in
solid state fermentation were capable of solubilising up to 20% of the ['4C] lignin. The
activity of two enzymes, extracellular peroxidase and phenol oxidase (laccase) was found
to correlate with both solubilisation andnmineralisation rates of lignin.(8)

The presence of bacteria in rotted wood often in association with fungi has been the subject
of numerous reports. However, their exact role in degradation of wood components is still
uncleaf. While the availability of nutrientvnitrogen represses metabolism of synthetic '*C
lignin to CO, by Phanerochaete Chrysosporium, high levels of organic nitrogen were
optimal for lignin degradation by the bacterium Streptomyces badius. (9)

Enzymes are the catalytic cornerstones of metabolism, and as such are the focus of intense
worldwide research, not only in biological community, but also with process
designers/engineers, chemical engineers, and researchers working in other scientific fields.
Since ancient times, enzymes have played a central role in many manufacturing process,
such as in the production of wine, cheese, bread etc. The latter half of the twentieth century
saw an unprecedent expansion in our knowledge of the use of microorganisms, their
metabolic products, and enzymes in a broad area of basic research and their potential
industrial applications. Only in the past two decades, however have microbial enzymes
been used commercially in the Pulp and Paper industry. (10)

The most common application of enzymes in paper industry is to enhance bleaching. At
least 15 patents or patent disclosures dealing with enzymatic treatments to enhance
bleaching of Kraft pulps were submitted between 1988 and 1993.

Kraft pulping, also known as sulphate, or chemical pulping, uses sulphur to get fiber out of
trees. Kraft pulping uses less than 50% of the tree. The rest ends up as sludge which is
burned, spread on land or land filled. A bonus of kraft pulping is that the chemicals can be
recycled and re-used in the mill. Another is that kraft fiber is exceptionally strong ("kraft"
means "strong" in German). Kraft pulp is usually dark and is often bléached with chlorine
compounds. ‘ i

The Kraft process accounts for 85% of the total pulp production in the United States, and it
is the largest component of paper manufacture world-wide. Kraft pulping removes lignin,
dissolves and degrades hemicellulose without damaging cellulose Unfortunately,
degradation products generated during pulping become trapped in the matrix and impart a
brown color to Kraft pulp. Cooking consumes pulping chemicals, and residual xylan

(along with covalently-linked degradation products) precipitates on the surfaces of the



15

30

WO 2004/083520 PCT/IB2003/005847

cellulosic fibers. The chromophores are believed to be composed of residual lignin and
carbohydrate degradation products. They are hard to extract because they are covalently
bound to the carbohydrate moieties in the pulp matrix. Manufacturers use elemental
chlorine (Cl,) and chlorine dioxide (ClO;) to bleach the chromophores, and then they
extract the pulp to make white paper. The cost of CI2 is about $12 to $15 per metric ton of
pulp, but because this results in the production of chlorinated aromatic compounds,
alternative-bleaching agents such as O,, ClO; or H,O; are employed. These can be several
times more expensive than Cly. Bleaching substantially increases the value of the product,
so the additional expense can be justified.

Chlorine bleaching can create environmental problems. Byproducts from using these
chemicals are chlorinated organic substances, some of which are toxic, mutagenic,
persistent, and bioaccumulate, and cause numerous harmful disturbances in biological
systems (Onysko,1993). The available options are oxygen delignification, extended
cooking, and substitution of chlorine dioxide for chlorine, hydrogen peroxide, and ozone.
But most of these methods involve high capital investment for process change. Thus, an
alternative and cost effective method, i.e. use of enzymes has provided a very simple and
economic way to reduce the use of chlorine and other bleaching chemicals.

Till now, all the basics and applied research work has centered on fungi only. In case of
biobleaching of raw pulp, the application of fungi is not feasible due to its structural
hindrance caused by fungal hyphae. Bleaching of pulp using purified enzymes from fungi
is not economical as the steps of enzyme purification make the process expensive and
lengthy. Hence, there exists a need to develop an economically feasible and effective
process for bio-bleaching of pulp.

Objects of the present invention

The main object of the present invention is to provide a process to bleach the hardwood
kraft pulp using bacterial isolates through a four-stage process.

Another object of the invention is to provide defined bacterial consortia for the bleaching
of the hardwood kraft pulp, which is safe, economical, and efficient.

Another object of the invention is to provide the bacterial strains used in this invention for
bio-bleaching of the kraft pulp.

Still another object of the present invention is to develop a method of preparing an

inoculum using the strains of the instant Application.
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Summary of the present invention
The present invention relates to an environment friendly, safe, and efficient four-step
method of bio-bleaching Kraft pulp using bacterial strains of accession no. MTCC 5096,
MTCC 5094, MTCC 5095, and MTCC 5098, a microbial consortium comprising a
synergistic mixture of ligninolytic bacterial isolates of accession no. MTCC 5094, MTCC
5095, and MTCC 5098, bacterial strains of accession Nos. MTCC 5096, MTCC 5094,
MTCC 5095, and MTCC 5098, and a process of preparing an inoculum of the bacterial
isolate of accession no. MTCC 5096, further, a process for the preparation of a consortium
comprising the ligninolytic bacterial isolates of accession nos. MTCC 5094, MTCC 5095,
and MTCC 5098, in addition, a process for the preparation of pulp suspension for the bio-
bleaching.
Detailed description of the present invention
The present invention relates to an environment friendly, safe, and efficient four-step
method of bio-bleaching Kraft pulp using bacterial strains of accession no. MTCC 5096,
MTCC 5094, MTCC 5095, and MTCC 5098, a microbial consortium comprising a
synergistic mixture of ligninolytic bacterial isolates of accession no. MTCC 5094, MTCC
5095, and MTCC 5098, bacterial strains of accession Nos. MTCC 5096, MTCC 5094,
MTCC 5095, and MTCC 5098, and a process of preparing an inoculum of the bacterial
isolate of accession no. MTCC 5096, further, a process for the preparation of a consortium
comprising the ligninolytic bacterial isolates of accession nos. MTCC 5094, MTCC 5095,
and MTCC 5098, in addition, a process for the preparation of pulp suspension for the bio-
bleaching.
In still another embodiment of the present invention, wherein an environment friendly,
safe, and efficient four-step method of bio-bleaching Kraft pulp using bacterial strains of
accession no. MTCC 5096, MTCC 5094, MTCC 5095, and MTCC 5098, said method
comprising steps of:
e inoculating the pulp suspension with an inoculum of the bacterial strain MTCC
5096 having xylanase activity as stage one,
e incubating the inoculated pulp for time duration ranging between about 15-20 hours
at about 100-120 rpm at about 26-32°C,
¢ adding sodium hydroxide and hydrogen peroxide to the inoculated pulp of step (c)
for alkali extraction as stage two,

¢ incubating the at about 65-7 0°C for time duration of about 1.5 — 2.5 hrs,
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o filtering the pulp and washing with sterile distilled water,

e suspending the washed pulp in fresh minimal salt medium,

e inoculating the pulp suspension with the consortium comprising ligninolytic
bacterial: strains of accession no. MTCC 5094, MTCC 5095, and MTCC 5098 as
stage three,

e incubating the inoculated pulp of step (g) for a period of about 15 - 20 hrs at about
100-120 rpm at about 26-32°C at pH of about 5-9,

e repeating the steps (b) to (e) with alkali extraction as stage 4 to obtain pulp with %
brightness of about 17%.

In another embodiment of the present invention, wherein the temperature during 3 stage
of bio-bleaching is about 30°C.

In yet another embodiment of the present invention, wherein the pH during 3™ stage of
bio-bleaching is about 8°C.

In still another embodiment of the present invention, wherein 20-30 mg sodium hydroxide
and 200- 250ul hydrogen peroxide are added.

In still another embodiment of the present invention, wherein minimal salt medium (MSM)
having about 0.1 to 1.0% glucose.

In still another embodiment of the present invention, wherein the strains of the consortium
are in the ratio of 1:1:1.

In still another embodiment of the present invention, wherein a microbial consortium
comprising a synergistic mixture of ligninolytic bacterial isolates of accession no. MTCC
5094, MTCC 5095, and MTCC 5098.

In still another embodiment of the present invention, wherein a bacterial strain of accession
No. MTCC 5096 useful for bio-bleaching pulp.

In still another embodiment of the present invention, wherein the strain shows bio-

~ bleaching of about 8%.

In still another embodiment of the present invention, wherein a bacterial strain of accession
No. MTCC 5094.

In still another embodiment of the present invention, wherein a bacterial strain of accession
No. MTCC 5095. ‘

In still another embodiment of the present invention, wherein a bacterial strain of accession

No. MTCC 5098.
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In still another embodiment of the present invention, wherein a process of preparing an
inoculum of the bacterial isolate of accession no. MTCC 5096, said process comprising
steps of:

e isolating the bacterial strain,

e culturing the bacterial isolate on the medium containing the soil extract and

e nutrient media,

e inoculating the bacterial isolate,

* incubating and centrifuging the résulting culture after attaining the desired O.D.
(1.00-2.00) to obtain the pellet,

e suspending the pellet in phosphate buffer of about 0.03-0.05M at about pH 6.8, and

e obtaining the inoculum.

In still another embodiment of the present invention, wherein the isolate is cultured on the
medium containing the soil extract and nutrient media in equal proportions.

In still another embodiment of the present invention, wherein the bacterial isolate is
inoculated in minimal salt medium with glucose and incubation is carried out by agitation
at 100-120 rpm and at a temperature ranging from 28-34°C.

In still another embodiment of the present invention, wherein the resultant growth is
centrifuged at appropriate rpm preferably at 8000-12000 rpm for a period of approximately
20-30 minutes at a temperature of 1-4°C. '

In still another embodiment of the present invention, wherein the pellet is suspended in
appropriate buffer such as phosphate buffer or tris buffer.

In still another embodiment of the present invention, wherein a process for the preparation
of a consortium comprising the ligninolytic bacterial isolates of accession nos. MTCC
5094, MTCC 5095, and MTCC 5098 as claimed in claim 5, said method comprising step
of:

e isolating the bacterial strains,

e inoculating the bacterial isolate individually , incubating and growing under
defined conditions and mixing them in about equal proportions on the basis of
optical density values, and

o centrifuging the resultant suspension to obtain the pellet,

e suspending the pellet in phosphate buffer, and

e obtaining consortium consisting of three bacterial strains.
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In still another embodiment of the present invention, wherein the incubation of bacterial
isolates is carried out by agitation at approximately 100-120rpm and at 30- 35°C for a
period of 16 to 18 hours.
In still another embodiment of the present invention, wherein the incubation of bacterial
isolates carried out at a temperature ranging between 30°C — 37°C for a period of 16 — 18
hours.
In still another embodiment of the present invention, wherein the resultant microbial
consortium is centrifuged at approximately rpm preferably at 8000 — 12000 rpm for a
period of approximately 20 —30 minutes of 1- 4°C. (
In still another embodiment of the present invention, wherein the pellet is suspended in
appropriate buffer such as phosphate buffer or tris buffer.
In still another embodiment of the present invention, wherein a process for the preparation
of pulp suspension for ﬁhe bio-bleaching said method comprising steps of:

e autoclaving the wet unbleached pulp at about 12-28 psi for about 15-25 minutes,

and
o suspending the autoclaved pulp in a medium comprising minimal salts medium
with 0.2% glucose under sterile conditions.

In still another embodiment of the present invention, wherein the 7 — 10% unbleached pulp
is autoclaved.
The relation between local deposition no. and International deposition nos is as given
below: |

1. CBTCC/51-03 — MTCC 5096

2. CBTCC/52-03 - MTCC 5094

3. CBTCC/53-03 — MTCC 5095

4. CBTCC/54-03 - MTCC 5098
Characteristics of Bacteria :-

MTCC 5096

Gram - . rods
MTCC 5094

Gram - , small rods
MTCC 5095

Gram - , cocci
MTCC 5098

Gram - , long rods
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The above-stated nos are used interchangeably, however, the claims are strictly restricted
to only International depository details.

In still another embodiment of the present invention, wherein the present invention
provides a novel biological process to bleach the hardwood kraft pulp. This process
involves exclusively the use of bacterial isolate to bleach the pulp. Four-stage process
includes inoculation of pulp twic;e with bacterial isolates at different stages followed by
alkali washing. Bacterial isolates used in the presént process were isolated from a specific
site located in Roorkee, India.

The bacterial isolates concerned with the present invention are deposited at International
Depository, Institute of Microbial Technoldgy, Chandigarh, India, a WIPO recognized
depository and are designated as

In still another embodiment of the present invention, wherein these bacterial isolates are
exhibiting a remarkable capability to bleach the hardwood kraft pulp under defined
conditions.

In still another embodiment of the present invention, wherein the bacterial isolates in the
present invention have been isolated from a wood workshop situated at Roorkee, India,
where saw-dust continually accumulated over the period of 10-12 yéars,

In still another embodiment of the present invention, wherein the bacterial isolates in the
present invention includes xylan degrading bacteria and ligninolytic bacteria, so different
enrichment was carried out for both types of bacteria before isolation.

In still another embodiment of the present invention, wherein to improve the yield of xylan
degrading bacteria, 5g of fresh soil from the said site was inoculated in the 500 ml
autoclaved flask containing 100 ml soil extract, 0.2% xylan and 50 ul Candid B
(antifungal). The enrichment flask was kept at 120 rpm for 96 hours at 30°C.

In still another embodiment of the present invention, wherein in an endeavor of inducing
ligninolytic bacteria, 5g of fresh said soil was inoculated in 500 ml flask containing 100ml
nutrient broth, 100 ml soil extract, 0.3% lignin, 1 mM veratryl alcohol, 1 mM guaicol and
50 ul Candid B. Enrichment flask was kept at 30°C /120 rpm for 96 hrs.

In still another embodiment of the present invention, wherein for the preparation of soil
extract, 1Kg soil was taken and dried at 50°C for 2 hours. 400g of dried soil was dissolved
in 960 ml single distilled water and autoclaved at 15 Ibs for 1 hour. After autoclaving, the
sample was centrifuged at 5000rpm for 10 minutes. The supernatant (extract) was collected

and stored in sterile bottle for the preparation of enrichment flask and further use.
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In still another embodimept of the present invention, wherein the enriched soil samples
were serially diluted in 0.85% saline. 100 ul from each respective dilution was spread onto
petriplates containing soil extract, 50% nutrient agar and 0.2% xylan for the xylan
degrading bacteria or 0.2% lignin for the the isolation of ligninolytic bacteria. The plates
thus obtained were incubated at 30 + 2 °C for 24 — 96 hrs in inverted position.

In still another embodiment of the present invention, wherein on the basis of colony
morphology and colour, total 60 isolates were selected to check their capabilty for
bleaching the hardwood pulp. The single isolated colonies were picked and streaked on
fresh plates containing the same medium. The above step was repeated till pure colonies
were obtained.

In still another embodiment of the present invention, wherein screening of the isolated
cultures for the secretion of extracellular xylanases was done for which different isolates
were cultured in MSM and 0.7% xylan at 120 rpm/37°C. Xylanase assay was done after
every 24 hrs. For determination of B-xylanase activity, 200 ul isolates culture and 800 pl
of 0.7% (wt/vol) xylan were mixed and incubated at 55° C for 10 min. The reaction was
stopped by adding 1.5 ml of 3,5-dinitrosalicyclic acid and the solution was well mixed and
then heated in a boiling water bath for 15 min. As a control, 800 pl of xylan was incubated
and cooled, and 200 pl of phosphate buffer and 1.5 ml of 3,5-dinitrosalicyclic acid were
added to correct for reducing sugars in the substrate solution. Reducing sugar equivalents
were measured in both the original and control solutions by measuring optical density at
540 nm (Miller et al.1960) with D-xylose as the standard. One unit of B-xylanase activity
was defined as the amount of enzyme that produced 1 pmol of reducing sugar per minute
under the given conditions.

In still another embodiment of the present invention, wherein to check the ligninolytic
activity of the isolated bacteria, 10 ml of 0.4% lignin was taken in 30 ml test tubes and
single bacterial isolate was inoculated. After 3 days, decolorization of lignin was
observed.

In still another embodiment of the present invention, wherein bleaching of hardwood kraft
pulp using isolated bacteria was carried out in four stages. In the first stage, xylanase
secreting bacterial isolate was used while second stage involved the washing with alkali.
Third stage included the use of ligninolytic bacteria folléwed by alkali extraction in fourth

stage.
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In still another embodiment of the present invention, wherein unbleached hardwood kraft
pulp was taken from Century Paper Mill, India. 7g of wet autoclaved pulp was dissolved
in 100 ml autoclaved minimal salt medium (MSM) with 0.3% glucose in 250 ml sterilized
flask. Xylanase positive bacterial isolate having 1.00 O.D. was inoculated in 1:5 ratio. The
above said bleaching flask was kept at 28°C/ 120rpm for 20 hours. After 20 hours
incubation, 30 mg sodium hydroxide (NaOH) and 250ul  hydrogen peroxide (HO, )
were added and the flask was kept at 70°C for 2 hours. Pulp was filtered using simple
whatman paper and again suspended in fresh 100 ml MSM with 0.3% glucose in sterile
conditions. The consortium comprising three ligninolytic bacteria was added in 1:5 ratio
and the flask was kept at 30°C/ 120ri)m for 20 hrs. Again alkali extraction was done by
adding 30 mg NaOH and 250 ul H202 followed by 2 hours incubation at 70°C. Pulp was
filtered and suspended in fresh 100 ml triple distilled water. Same experimention wés
carried out for the control flask having no bacteria.

The invention further provides a four stage process to bleach the hardwood kraft pulp
using the bacteria isolated from specific site, which comprises:

a) culturing the said bacteria isolated from specific site under defined
conditions such as media, temperature, pH, carbon source etc.;

b) maintaining the density of bacterial culture for the different stages of
bleaching process. MSM having 1.0% glucose was used to grow the culture
in 250ml flask having 100ml culture. The culture flask was incubated at
30°C/120rpm for 16-18 hours in order to obtain ’the 0.D equal to 1.00;

c) centrifuging the resulting culture after attaining the desired O.D. (1.00), to
obtain the pellet;

d) dissolving the above pellet in 20ml PO, buffer, 0.05M, pH 6.8;

e) preparing of pulp in MSM having 0.3% glucose. 7g of fresh unbleached
pulp is dissolved in 250ml flask having 100ml minimal salts medium,;

) inoculating the pulp with xylanase specific bacterial pellet as formed in (d)
and incubating the flask at 28°C/120rpm for 20 hours;

2) adding 30 mg sodium hydroxide and 250ul hydrogen peroxide in the flask
mentioned in (f) and 2 hours incubation at 70°C;

h) washing and filtering the pulp using simple whatman paper;

i) suspending the washed pulp in fresh 100ml MSM with 0.3% glucose and
ImM veratryl alcohol;
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i) inoculating the consortium comprising three ligninolytic bacteria as
prepared in (b), (c) and (d) and 20 hours incubation at 30°C/120 rpm;
k) adding 30 mg sodium hydroxide and 250ul hydrogen peroxide in the flask
mentioned in (f) and 2 hours incubation at 70°C as in (2);

1) washing and filtering the pulp using simple whatman paper;

m) drying the pulp at 50°C for 5 hours and measuring the brightness.
In an embodiment of the present invention, the bacteria are isolated from specific saw-dust
site located in Roorkee, India. Isolation involves defined enrichment and different media
for xylanases secreting bacteria and ligninolytic bacteria. ‘
In another embodiment of the present invention, the above said bacterial isolates are
cultured in minimal salt medium having 1% glucose and growth is monitored to obtain the
desired O.D at 30°C/120rpm/16-18 hrs.
In another embodiment of the present invention, bacterial culture is centrifuged and
suspened in 20 ml Po,” buffer, 0.05M, pH 6.8 to make the inoculum for bleaching study.
In further embodiment of the present invention, xylanase is assayed by a known method
(Miller et al.1960).
In another embodiment of the present invention, pulp is prepared in MSM having 0.3%
glucose. 7-10 gram of fresh unbleached pulp is dissolved in 250ml flask having 100ml
MSM. '
In another embodiment of the present invention, the pulp is inoculated with xylanase
specific bacterial pellet and the flask is kept at 28°C/120rpm for 20 hours.
In embodiment of the present invention, 20-30 mg sodium hydroxide and 200-250ul
hydrogen peroxide are added in the flask and incubated at 70°C 2 hours.
In another embodiment of the present invention, washing and filtering of the pulp is carried
out using simple whatman paper and the pulp is transferred to fresh 100ml MSM with
0.3% glucose and ImM veratryl alcohol.
In further embodiment of the present invention, ligninolytic consortia comprising three
bacterial isolates is added and flask is kept at 30°C/100-120rpm for two hours.
In another embodiment of the present invention, 20-30 mg sodium hydroxide and 200-
250ul hydrogen peroxide are added in the flask and incubated at 70°C 2hours.
In further embodiment of the present invention, washing and filtering of the pulp is carried

out using simple whatman paper and the pulp is dried at 50°C for 5 hours.
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Example 1

A loop from agar plate of bacterial isolate designated as CBTCC/51-03 was inoculated in
100 ml MSM with 1% glucose. The culture was incubated at 30°C for 16-24 hours in an
incubator shaker at 100-120 rpm. After incubation, optical density was measured at 650
nm. Optical density of the culture was maintained to 1.00 either by diluting or
concentrating the bacterial suspension. The culture was centrifuged at 10,000 rpm for 30
minutes at 4°C. The pellet was dissolved in 20 ml phosphaté buffer, 0.05M, pH 6.8.

The hardwood pulp suspension is prepared by dissolving 10 g autoclaved wet pulp in 100
ml MSM having 0.2% glucose. 1 ml bacterial pellet as prepared above was inoculated in
the pulp and flask was incubated at 35°C at 100 rpm for 15 hrs. No significant whiteness in
the pulp was observed because of the inappropriate temperature and less bacterial
inoculum.

Example2

A loop from agar plate of bacterial isolate designated as CBTCC/51-03 was inoculated in
100 ml MSM with 1% glucose. The culture was incubated at 30°C for 16-24 hours in an
incubator shaker at 100-120 rpm. After incubation, optical density was measured at 650
nm. Optical density of the culture was maintained to 1.00 either by diluting or
concentrating the bacterial suspension. The culture was centrifuged at 10,000 rpm for 30
minutes at 4°C. The pellet was dissolved in 20 ml phosphate buffer, 0.05M, pH 6.8.

The hardwood pulp suspension is prepared by dissolving 7 g autoclaved wet pulp in 100
ml MSM having 0.2% glucose. 10 ml bacterial pellet as prepared above was inoculated in
the pulp and flask was incubated at 35°C at 100 rpm for 15 hrs. No significant whiteness in
the pulp was observed because of the inappropriate temperature and less bacterial
inoculum.

Example 3

400 ml MSM was inoculated with a loopful culture from agar plate of bacterial isolate
designated as CBTCC/51-03. The culture was incubated at 30°C for 16-24 hours in an
incubator shaker at 100-120 rpm. After incubation, optical density was measured at 650
nm. Optical density of the culture was maintained to 1.00 either by diluting or
concentrating the bacterial suspension. The culture was centrifuged at 10,000 rpm for 30
minutes at 4°C. The pellet was dissolved in 80 ml phosphate buffer, 0.05M, pH 6.8.

Four flasks of pulp suspension were prepared individually by dissolving 7 g autoclaved
wet pulp in 100 ml MSM having 0.2% glucose. 20 ml bacterial inoculum as prepared

above was inoculated in each flask. First flask was kept at 22°C while the second at 28°C,
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third at 34°C and fourth at 40°C. Alkali extraction was done for all the flask by incubating
the pulp at 70°C for two hours in the presence of NaOH and H,O, . The flask kept at 28°C
was more bright (8%) in comparison of other flasks (Table 1).

Table 1: Temperature optimization of biobleaching process using -(bacterium name)-

S.No. Inoculum | Temperature | Brightness
Ist Flask 20 ml 220C 2%
IInd Flask 20 ml 280C 8%
IITrd Flask 20 ml 340C 5%
IV th Flask 20 ml 400C 3%

Example 4

Bleaching experiment was carried out in four steps. First inoculum was prepared by
inoculating a 400 ml MSM with a-loopful growth from agar plate of bacterial isolate
designated as CBTCC/51-03. Second inoculum was prepared by inoculating the three flask
individually having 150 ml MSM with a loopful growth of CBTCC/52-03, CBTCC/53-03
and CBTCC/54-03. All the flasks were incubated at 30°C for 16-24 hours in an incubator
shaker at 100-120 rpm. After incubation, optical density was measured at 650 nm. Optical
density of the culture was maintained to 1.00 either by diluting or concentrating the
bacterial suspension. First culture was centrifuged separately while the three cultures for
making the second inoculum were mixed equally and centifuged together.The pellet of first
culture was dissolved dissolved in 80 ml phosphate buffer, 0.05M, pH 6.8 while the pellet
of three pooled cultures was dissolved in 90 ml phosphate buffer, 0.05M, pH 6.8.

Eight pulp flask were prepared by dissolving the 7 g wet pulp in each 100 ml MSM having
0.2%. First four flasks were inoculated with 20 ml first inoculum of ---bacterium--- name.
All the flasks were incubated at 28°C/120 rpm for 20 hours. After 20 hours incubation, 30
mg NaOH and 250ul H,0, were added and in each flask and icubated at 70°C for 2 hours.
Pulp was filtered using simple whatman paper and again suspended in fresh four 100 ml
MSM flasks with 0.2% glucose in sterile conditions. 20ml second inoculum (consortium)

comprising three ligninolytic bacteria was added to each flask .All the flasks were kept at

'350C/ 120rpm for 20 hrs. Again alkali extraction was done by adding 30 mg NaOH and

250ul H,O, followed by 2 hours incubation at 70°C. Pulp was filtered and suspended in
fresh 100 ml triple distilled water. Same experimention was carried out for the control
flask having no bacteria. Finally, 10-11% brightness was observed in the test pulp flasks
(Table 2)
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Table 2 : Combined effect of a singe bacterium and a consortium of three bacteria in the

bleaching exp eriment.

S.No. | Ist stage IInd | % IIIrd Stage IV th| %
(Single Stage | Brightness | (Consortium of | Stage | Brightness
bacterium) three bacteria)

1. 20 ml 8 20 ml inoculum 10
inoculum

20 ml inoculum

2. 20 ml 7 11
inoculum 20 ml inoculum

3. 20 ml 9 20 ml inoculum 11
inoculum

5 g |

4, 20 ml '§ 8 '§ 10

inoculum E E
£ £
< <

Example 5

In order to see the effect of pH and temperature on biobleaching study, first inoculum was
prepared for sixteen 100 ml pulp flasks. For second inculum, a consortium of three bacteria
was also prepared for sixteen flasks. Inoculum was prepared as mentioned in earlier
examples.

Total sixteen pulp flasks were prepared by dissolving the 7 g wet pulp in each 100 ml
MSM having 0.2%. First four flasks were inoculated with 20 ml first inoculum of bacterial
isolate designated as CBTCC/51-03. Flask was incubated at 28°C/120 rpm for 20 hours.
After 20 hours incubation, 30 mg NaOH and 250ul H,O, were added and the flask was
kept at 70°C for 2 hours. Pulp was filtered using simple whatman paper and again
suspended in four fresh 100 ml MSM with 0.2% glucose in sterile conditions. 20ml second
inoculum (consortium) comprising three ligninolytic bacteria was added to the flask . To
see the effect of temperature, pulp flask were kept at 27°C, 30°C, 33°C and 37°C for 20 hrs
under shaking condition ( 120rpm). Again alkali extraction was done by adding 30 mg
NaOH and 250 ul H,0, followed by 2 hours incubation at 70°C. Pulp was ﬁlteréd and
suspended in fresh 100 ml triple distilled water. Same experimentation was carried out for
the control flask having no bacteria. More brightness was observed at 30°C (Table 3)

To see the effect of pH on biobleaching study, pulp flasks were adjusted to pH 5, pH 7, pH
and pH 9 using different buffers. After pH adjustment, these flasks were inoculated with
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20 ml first inoculum of bacterial isolate designated as CBTCC/51-03. Flask was incubated
at 28°C/120 rpm for 20 hours. After 20 hours incubation, 30 mg NaOH and 250ul were
added and the flask was kept at 70°C for 2 hours. Pulp was filtered using simple whatman
paper and again suspended in four fresh 100 ml MSM having different pH, 5, 7, 8 and 9.
20ml second inoculum (consortium) comprising three ligninolytic bacteria was added to
the flasks. All the flasks were kept at 30°C/120rpm for 20 hrs. Again alkali extraction was
done by adding 30 mg NaOH and 250ul H,0, followed by 2 hours incubation at 70°C.
Pulp was filtered and suspended in fresh 100 ml triple distilled water. Same experimention
was carried out for the control flask having no bacteria. 15% brightness of pulp was
observed at pH 8 (table 4).

Table 3 : Optimization of temperafure during the third stage of biobleaching experiment

S.No. | Iststage Tempe | IInd | % IIIrd Stage Tempe- | IVth | %
(Single - Stage | Bright | (Consortium | rature | Stage | Bright-
bacterium) | rature -ness of three ness

bacteria)

1. 20 ml | 28°C 7 20 ml | 27°C 10
inoculum inoculum

2. 20 ml | 28°C 7 20 mi | 30°C 13
inoculum inoculum

3. 20 ml | 28°C 8 20 ml | 33°C 1
. g : 5
inoculum g inoculum g=

g 2
=] £
> <
0 i 0 =
4, 20 ml | 28°C = 7 20 ml | 37°C = 11
i i
inoculum = inoculum <
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Table 4 : Optimization of pH in the biobleaching experiment

S.No. | Iststage pH IInd % IIlrd Stage | pH | IV th | %
(Single Stage | Brigh | (Consortium Stage Bright-
bacterium) t-ness | of three ness

bacteria)

1. 20 ml |35 5 20 ml |5 11
inoculum inoculum

2 7 7 7 13
20 ml 20 ml

3. inoculum 8 10 inoculum 8 15

4. 20 ml |9 6 20 ml |9 10

= =
. Q . [=]
inoculum g~ inoculum =

it i
20 ml = 20 ml =
. = . =
inoculum < inoculum <

The main advantages of the invention
1. The developed four stage biobleaching process replace the use of chlorine and chlorine
dioxide in pulp and paper mill. Thus, there is no generation of toxic chlorinated organics

such as dioxin, biphenyl etc.

[\

. The prepared bacterial suspension and consortium cuts the CD stage of chemical
bleaching in pulp mill when they act synergistically.
In comparison to chemical bleaching, the developed process is highly economical.
4. The developed biobleaching process is environmentally safe because there is no
generation of chlorinated pollutants.
5. The developed process is highly competitive in term of technology, feasibility, and

applicability.
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1.

S5

19

An environment friendly, safe, and efficient four-step method of bio-bleaching
Kraft pulp using bacterial strains of accession no. MTCC 5096, MTCC 5094,
MTCC 5095, and MTCC 5098, said method comprising steps of:
a. inoculating the pulp suspension with an inoculum of the bacterial strain
MTCC 5096 having xylanase activity as stage one,
b. incubating the inoculated pulp for time duration ranging between about 15-
20 hours at about 100-120 rpm at about 26-32°C,
c. adding sodium hydroxide and hydrogen peroxide to the inoculated pulp of
step (c) for alkali extraction as stage two,
d. incubating the at about 65-70°C for time duration of about 1.5 — 2.5 hrs,
e. filtering the pulp and washing with sterile distilled water,
f. suspending the washed pulp in fresh minimal salt medium,
g. inoculating the pulp suspension with the consortium comprising ligninolytic
bacterial strains of accession no. MTCC 5094, MTCC 5095, and MTCC
5098 as stage three,
h. incubating the inoculated pulp of step (g) for a period of about 15 - 20 hrs at
about 100-120 rpm at about 26-32°C at pH of about 5-9,
1. repeating the steps (b) to (e) with alkali extraction as stage 4 to obtain pulp
with % brightness of about 17%.
A process as claimed in claim 1, wherein the temperature during 3" stage of bio-
bleaching is about 30°C.
A process as claimed in claim 1, wherein the pH during 3" stage of bio-bleaching
is about 8°C.
A process as claimed in claim 1, wherein 20-30 mg sodium hydroxide and 200-
250ul hydrogen peroxide are added.
A process as claimed in claim 1, wherein minimal salt medium (MSM) having
about 0.1 to 1.0% glucose.
A process as claimed in claim 1, wherein the strains of the consortium are in the
ratio of 1:1:1.
A microbial consortium comprising a synergistic mixture of ligninolytic bacterial
isolates of accession no. MTCC 5094, MTCC 5095, and MTCC 5098.
A bacterial strain of accession No. MTCC 5096 useful for bio-bleaching pulp.
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A strain as claimed in claim 8 wherein, the strain shows bio-bleaching of about 8%.
A bacterial strain of accession No. MTCC 5094. | |

A bacterial strain of accession No. MTCC 5095.

A bacterial strain of accession No. MTCC 5098.

A process of preparing an inoculum of the bacterial isolate of accession no. MTCC

5096, said process comprising steps of:

o

isolating the bacterial strain,
~ b. culturing the bacterial isolate on the medium containing the soil extract and
nutrient media,
inoculating the bacterial isolate,
d. incubating and centrifuging the resulting culture after attaining the desired
0.D. (1.00-2.00) to obtain the pellet,
e. suspending the pellet in phosphate buffer of about 0.03-0.05M at about pH
6.8, and
f. obtaining the inoculum.
A process as claimed in claim 13, wherein the isolate is cultured on the medium
containing the soil extract and nufrient media in equal proportions.
A process as claimed in claim 13, wherein the bacterial isolate is inoculated in
minimal salt medium with glucose and incubation is carried out by agitation at 100-
120 rpm and at a temperature ranging from 28-34°C.
A process as claimed in claim 13, wherein the resultant growth is centrifuged at
appropriate rpm preferably at 8000-12000 rpm for a period of approximately 20-30
minutes at a temperature of 1-4°C.
A process as claimed in claim 13, wherein the pellet is suspended in appropriate
buffer such as phosphate buffer or tris buffer.
A process for the preparation of a consortium comprising the ligninolytic bacterial
isolates of accession nos. MTCC 5094, MTCC 5095, and MTCC 5098 as claimed
in claim 5, said method comprising step of?

a) isolating the bacterial strains,

b) inoculating the bacterial isolate individually , incubating and growing under

defined conditions and mixing them in about equal proportions on the basis of
optical density values, and

c) centrifuging the resultant suspension to obtain the pellet,
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24.
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d) suspending the pellet in phosphate buffer, and

e) obtaining consortium consisting of three bacterial strains.

A process as claimed in claim 18, wherein the incubation of bacterial isolates is

carried out by agitation at approximately 100-120rpm and at 30- 35%C for a period

of 16 to 18 hours.

A process as claimed in claim 18, wherein the incubation of bacterial isolates

carried out at a temperature ranging between 30°C — 37°C for a period of 16 — 18

hours.

A process as claimed in claim 18, wherein the resultant microbial consortium is

centrifuged at approximately rpm preferably at 8000 — 12000 rpm for a period of

approximately 20 —30 minutes of 1- 4°C.

A process as claimed in claim 18, wherein the pellet is suspended in appropriate

buffer such as phosphate buffer or tris buffer.

A process for the preparation of pulp suspension for the bio-bleaching said method

comprising steps of:

a) autoclaving the wet unbleached pulp at about 12-28 psi for about 15-25
minutes, and

b) suspending the autoclaved pulp in a medium comprising minimal salts medium
with 0.2% glucose under sterile conditions.

A process as claimed in claim 23, wherein the 7 — 10% unbleached pulp is

autoclaved.
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AMENDED CLAIMS

[received by the International Bureau on 20 July 2004 (20.07.2004);
original claims 1-24 replaced by new claims 1-12 (2 pages)]

An environment friendly, safe, and efficient four-step method of bio-bleaching
Kraft pulp using bacterial strains of accession no. MTCC 5096, MTCC 5094,
MTCC 5095, and MTCC 5098, said method comprising steps of:

a.

P @

[

autoclaving the wet unbleached pulp at about 12-28 psi for about 15-25
minutes, '

suspending the autoclaved pulp in a medium comprising minimal salts
medium with 0.2% glucose under sterile conditions,

inoculating the pulp suspension with an inoculum of the bacterial strain
MTCC 5096 having xylanase activity as stage one,

incubating the inoculated pulp for time duration ranging between about
15-20 hours at about 100-120 rpm at about 26-32°C,

adding sodium hydroxide and hydrogen peroxide to the inoculated pulp of
step (c) for alkali extraction as stage two,

incubating the at about 65-70°C for time duration of about 1.5 — 2.5 hrs,
filtering the pulp and washing with sterile distilled water,

suspending the washed pulp in fresh minimal salt medium,

inoculating the pulp suspension with the consortium comprising
ligninolytic bacterial strains of accession no. MTCC 5094, MTCC 5095,
and MTCC 5098 in equal propositions, as stage three, |
incubating the inoculated pulp of step (g) for a period of about 15 - 20 hrs
at about 100-120 rpm at about 26-32°C at pH of about 5-9, and

repeating the steps (b) to (e) with alkali extraction as stage 4 to obtain pulp
with % brightness of about 17%.

A process as claimed in claim 1, wherein the temperature during 3™ stage of bio-
bleaching is about 30°C.
A process as claimed in claim 1, wherein the pH during 3" stage of bio-bleaching

is about 8°C.

A process as claimed in claim 1, wherein 20-30 mg sodium hydroxide and 200-

250ul hydrogen peroxide are added.

AMENDED SHEET (ARTICLE 19)
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A process as claimed in claim 1, wherein minimal salt medium (MSM) having
about 0.1 to 1.0% glucose. h

A process as claimed in claim 1, wherein the strains of the consortium are in the
ratio of 1:1:1.

A microbial consortium comprising a synergistic mixture of ligninolytic bacterial
isolates of accession no. MTCC 5094, MTCC 5095, and MTCC 5098.

A bacterial strain of accession No. MTCC 5096 useful for bio-bleaching pulp.

A strain as claimed in claim 8 wherein, the strain shows bio-bleaching of about
8%.

A bacterial strain of accession No. MTCC 5094.

A bacterial strain of accession No. MTCC 5095.

A bacterial strain of accession No. MTCC 5098.

AMENDED SHEET (ARTICLE 19)
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STATEMENT UNDER ARTICLE 19(1)

The Examiner has rejected the claims on the basis of lack of inventiveness.

The Applicant respectfully submits that the claims are sufficiently amended to
overcome the rejections. Further, the Applicant provides his comments to
establish inventiveness of the claims.

US 5 770 424 A [D1]

The above mentioned patent describes recombinant DNA technology to
produce xylanase from Bacillus agaradherens. This invention does not describe
any application of the said bacteria or recombinant enzyme.

WO 96/13574 A [D2]

The aforementioned citation deals with the study of xylanase activity from a
bacterium, Bacillus subtilis. The enzyme secreted by this bacterium has its
own characteristics and its activity depends on the specific temperature
range, pH range etc. Inventors used the single secreted enzyme to bleach the
kraft pulp wherein no mention is made of the extent of brightness of bleached
pulp.

CA 2129 172 A [D3]

The aforementioned citation relates to the isolation and identification of a
thermophilic Actinomadura sp. FC7, recombination of the secreted xylanase
enzymes and application of the recombinant enzymes in bleaching the pine
kraft pulp. This invention uses the recombinant enzymes secreted by a single
organism, Actinomadura sp. FC to bleach the pulp as opposed to our invention
wherein four bacteria were used instead of enzymes.
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WO 95/27779 A [D4]

In the cited example, pulp was bleached using xylanase secreted by a
bacterium under defined conditions (2 hrs incubation; 50°C) while in our
invention, four bacteria in four different defined stages were used instead of
enzyme. These four bacteria are entirely different from .the bacterium
mentioned in the cited patent.

US 6 228 630 B1 [D5]

In the cited example, bleaching of pulp was carried out using xylanase from a
fungus. Aspergillus aculeatus along with the use of bleaching chemicals such
as ozone, oxygen, hydrogen peroxide and chlorine dioxide.

Now, the Applicant respectfully submits that our invention is totally non-
obvious in view of all the aforementioned citations read together. The
Examiner must appreciate that our invention is a process to bleach the kraft
pulp using four bacteria one xylanase secreting and other three are having
ligninolytic activity. The xylanase secreting bacteria as used in our invention
does not have any DNA recombination and the bacterium is Providencia
retigeri, altogether different from the one use in the prior art [D1] i.e. Bacillus
agaradherens.

Further, among these four bacteria, three are ligninolytic and one is xylanase
secreting (Providencia retigeri, different from Actinomadura sp. FC) [D3]. Our
process of bleaching the kraft pulp is entirely different from the cited patent
as it involves the use of four bacteria and total brightness of about 17% can
be achieved.

Furthermore, the Applicant would like to draw the Examiner’s attention to the
fact that the microbes used in the instant application are novel in nature. They
are already deposited in an International Depository. In addition, these
microbes are used in a sequential manner wherein, MTCC 5096 have xylanase
activity is used at stage |, whereas, the remaining three strains having
ligninolytic activity are used in equal proportion at stage lll. The description
provides sufficient evidence that the sequence of the steps of the bio-
bleaching methodology is critical for desired functioning i.e. to obtain about
17 % brightness.
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None of the gited arts both individually and in combination provide any clue or
motivation to the persons skilled in the art to use the particular methodology
of the instant application and to reach desired results. It is only after much
effort and intellectual inputs from the inventors that the four novel strains
have been identified that can achieved the desired purpose. Taking
aforementioned aspects of the invention into consideration, we respectfully
request the Examiner to withdraw the obviousness rejections.
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