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[571 ABSTRACT

A method of making a wood pulp is disclosed. The method
includes chipping wood into wood chips and then inoculat-
ing the wood chips with an inoculum of a white rot fungi and
a nutrient adjuvant selected from the group consisting of
corn steep liquor, molasses and yeast extract. The wood
chips are introduced into a bioreactor and incubated. The
incubated wood chips are then pulped. A method of pre-
treating wood including chipping the wood into wood chips
and inoculating the wood chips with an inoculant of the
white rot fungi and a nutrient adjuvant selected from the
group consisting of corn steep liquor, molasses and yeast
extract is also disclosed. A method for producing paper from
the treated wood chips is also disclosed. The addition of the
nutrient adjuvant dramatically reduces the amount of fungal
inoculant needed (by multiple orders of magnitude). to
achieve similar results.

13 Claims, 1 Drawing Sheet
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METHOD OF ENHANCING BIOPULPING
EFFICACY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of Ser. No.
08/289.479 filed Aug. 11, 1994 now U.S. Pat. No. 5.620,564.

This invention was made with United States government
support awarded by USDA Biopulping Consortium II. The
United States Government has certain rights in this inven-
tion.

BACKGROUND OF THE INVENTION

In general, the field of the present invention is the
biopulping of wood. In particular, the field of the present
invention is biopulping of wood with a white rot fungi and
a nutrient adjuvant.

In the manufacture of paper from wood. the wood is first
reduced to an intermediate stage in which wood fibers are
separated from their natural environment and transformed
into pulp, a viscous liquid suspension. Several techniques
are used to produce pulp from various types of wood. The
simplest of these techniques is the refiner mechanical pulp-
ing (RMP) method, in which the input wood is simply
ground or abraded in water through a mechanical milling
operation until the fibers are of a defined desired state of
freeness from each other. Other pulping methodologies
include thermo-mechanical pulping (TMP), chemical treat-
ment with thermo-mechanical pulping (CTMP), chemi-
mechanical pulping (CMP) and the chemical pulping. sul-
fate (kraft) or sulfite processes for pulping wood. The
general concept in all of these processes for creating pulp
from wood is to separate the wood fibers to a desired level
of freeness from the complex matrix in which they are
embedded in the native wood.

Of the various components of wood, cellulose polymers
are the most abundant and are the predominate molecule
desired for retention in pulp for paper production. The
second most abundant polymer in wood, which is the least
desirable component in the pulp, is lignin. Lignin is a
complex macromolecule of aromatic units with several
different types of interunit linkages. In the native wood,
lignin physically protects the cellulose polysaccharides in
complexes known as lignocellulosics. In chemical pulping
processes, lignin is removed. In chemi-mechanical
processes, lignin is disrupted to free the cellulose or to make
it easier to mechanically free the cellulose.

Biological systems can be utilized to assist wood pulping.
A desirable biological system would liberate cellulose fibers
from the lignin matrix by taking advantage of the natural
abilities of an organism. Research in this area has focused on
white-rot fungi, so named because the characteristic appear-
ance of infected wood is a pale color. This color is the result
of the depletion of lignin in the wood, the lignin having been
degraded or modified by the fungi. Because white-rot fungi
appear to preferentially degrade or modify lignin. it is a
logical choice for biological treatment to pulp wood. Pulp-
ing by this method is referred to as “biopulping.”

Several attempts to create biopulping systems using
white-rot fungi on a variety of wood fibers have been
reported. The most commonly utilized fungus is the white-
rot fungus Phanerochaete chrysosporium, also referred to as
Sporotrichum pulverulentum. Other fungi which have been
previously used in such procedures include fungi of the
genera Polyporus and Phlebia. The prior art is generally
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cognizant of the fact that attempts have been made to use
microorganisms, such as white-rot fungi, as part of a process
of treating wood in combination with a step of either
mechanical or thermo-mechanical pulping of cellulose fiber.

Another example is U.S. Pat. No. 3.962.033. directed to
the biopulping of cellulose using white-rot fungi. The fungi
used included both naturally occurring wild-type strain
cultures and mutant strains produced which lacked cellulase,
o as to reduce the amount of cellulose degraded by the
organisms. Various types of wood were degraded with the
fungi. This wood was then used as input materials for a
thermo-chemical or thermo-mechanical pulping procedure.
This patent discloses various techniques for making a cel-
lulose pulp by depleting lignin while reducing the cellulose-
decomposing action of the enzymes produced by these
organisms in order to preserve the cellulose yield. Groups
working with the inventor of this patent have several pub-
lications regarding use of fungi for biomechanical pulping.
€.g. Anders and Erikkson, Svensk Papperstidning, 18:641-2
(1975). Erikkson and Vallander, Svensk Papperstidning,
6:85:33-38 (1982).

U.S. Pat. No. 5.055.159 discloses biopulping with Ceri-
poriopsis subvermispora. Biomechanical pulping of both
hardwood and softwood chips with this white-rot fungus has
been demonstrated. During this process at a laboratory scale.
fungal pretreatment of both hardwood and softwood species
saves substantial amounts of the electrical energy during
refining. improve paper strength. and reduce the environ-
mental impact of pulping (Akhtar. et al.. “Biomechanical
pulping of loblolly pine with different strains of the white-rot
fungus Ceriporiopsis subvermispora,” Tappi J. 75:105-109,
1992; Akhtar. et al., “Biomechanical pulping of loblolly pine
chips with selected white-rot fungi.,” Holzforschung
47:36-40. 1993; Akhtar. et al.. “Biomechanical pulping of
aspen wood chips with three strains of Ceriporiopsis
subvermispora,” Holzforschung 48:199-202, 1994; Kirk et
al., “Biopulping: A Glimpse of the Future?”. Res. Rep.
FPL-RP-523, Madison, Wis., pp. 74, 1993). These results
show the technical feasibility of biopulping.

One of the key factors determining the commercial and
economic feasibility of biopulping is the cost of the fungal
inoculum and the related question of culture time of the
organism in the wood. Commercial considerations impose a
particular time frame on the amount of time, referred to as
the dwell time, that can be dedicated to permitting the
biopulping fungus to propagate in the wood. One solution to
the problem of obtaining sufficient fungal action prior to
pulping is to simply add more fungal inoculum. However,
the process soon becomes cost prohibitive, if an excessive
amount of fungal biomass is needed. Therefore. the art needs
a method to reduce the quantity of fungal inoculum needed
for successful biopulping in a time scale suitable for com-
mercial application.

BRIEF SUMMARY OF THE INVENTION

The present invention is a method of making a wood pulp.
The method comprises inoculating wood chips with an
inoculum of white rot fungi and a nutrient adjuvant. The
nutrient adjuvant is sterilized or unmsterilized corn steep
liquor. The wood chips are introduced into a bioreactor
either before or after inoculation and incubated under con-
ditions favoring the propagation of the fungus. After a
sufficient amount of time the fungus modifies a significant
amount of lignin naturally present in the wood chips. The
chips are then pulped.

In another embodiment of the present invention, paper is
made from the pulped chips. In yet another embodiment. the
invention is the inoculated wood chips.
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In a preferred embodiment of the present invention.
between 0.5% and 3% nutrient adjuvant (on a weight basis
as a proportion of the wood chip mixture) is used. In another
preferred form of the invention. the nutrient adjuvant is corn
steep liquor.

It is an advantage of the present invention that wood is
biopulped using a smaller amount of fungal inoculant.
Preferably. the amount of inoculant is less than 0.3% on a
dry weight basis of the total inoculated wood chip mixture.
More preferably the amount of the inoculant is less than
0.1% on a dry weight basis. Most preferably, the amount of
inoculant is less than 0.0005% on a dry weight basis.

Tt is an advantage of the present invention that corn steep
liquor, molasses or yeast extract may be used as a nutrient
adjuvant in a biopulping process.

It is a feature of the present invention that a dramatic
reduction in amount of inoculum needed to successfully
biopulp wood is enabled.

Other features, advantages and objects will become
apparent upon review of the specification. claims and draw-
ing.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 illustrates the laboratory scale bioreactor used in
the illustrative Examples of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is a method of biopulping using a
combination of a white rot fungi and corn step liquor as a
nutrient adjuvail. Use of this nutrient adjuvant, as described
below. enables one to dramatically decrease the amount of
fungal inoculum (calculated on a dry weight basis as a
proportion of the amount of wood chips) from 0.3% to
0.0005% while achieving comparable efficacy. This 600-
fold reduction in the amount of inoculum is important in
making biopulping technology economically feasible.

1. Wood Preparation

The process begins with wood chips. The process of the
present invention was developed with and is particularly
useful for the biopulping of softwoods. such as U.S. south-
ern pine species. A preferred species for use in the biopulp-
ing process of the present invention is Loblolly pine, Pinus
taeda, which is a major pulpwood species. The Examples
below focus on the use of Loblolly pine. The method is also
useful with hardwood species. The Examples below disclose
the success of the present invention with both pine and aspen
chips. Example 5. below. discloses the success of aspen
chips in the present invention. The present invention has
utility for other softwood species and hardwood species as
well. The efficacy of biopulping with both softwood and
hardwood has been demonstrated in the art.

The wood is converted to chips through a conventional
technology to a preferable chip size of anywhere between '
and % of an inch.

Because conditions of high humidity during the fermen-
tation process will be desired, a relatively high moisture
content of the chips prior to fermentation with the biopulp-
ing fungus is most desirable. Therefore, the chip moisture
content prior to inoculation is preferably at the fiber satu-
ration point or greater. A preferred moisture content would
be approximately 55-65% of the total wood. This measure-
ment indicates that of the total weight of the moist wood.
approximately 55-65% of that weight is moisture.
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4
2. Fungi Application

Separately from the chips. a seed inoculum must be
maintained of a white rot fungal culture to be utilized during
the biopulping process. The preferred culture is any useful
strain of the fungal species Ceriporiopsis subvermispora,
with one preferred strain being strain CZ-3 available from
the Center for Forest Mycology Research of the Forest
Products Laboratory. U.S. Department of Agriculture.
Almost all other strains of Ceriporiopsis subvermispora are
suitable for the present invention. Other preferred strains are
the haploid Ceriporiopsis subvermispora strains FP-105752
$S-4. L-14807 SS-1. L-14807 SS-3. L-14807 SS-S. and
L-14807 SS-10 which are also obtainable from the Center
for Forest Mycology Research., USDA Forest Products
Laboratory, Madison. Wis. (Our experiments below demon-
strate that two of the haploid strains gave more energy
savings and strength improvements than the diploid CZ3
strain.) Ceriporiopsis subvermispora strains are common in
the environment and can readily be isolated from the wild.

A second preferred culture is any useful strain of the
fungal species Phlebia subserialis. The preferred strain of
Phlebia subserialis for use within the present invention is
known as HHB7099. Under many biopulping processes and
conditions, Phiebia subserialis offers results in terms of
energy savings and improvement in wood quality that rival,
in many cases. those which can be achieved with Ceripo-
riopsis subvermispora. Other strains of Phlebia subserialis
are believed useful as well.

1t is also believed that the present invention is useful with
other white rot fungal species which can be used in biop-
ulping methods. Other white rot fungal species from which
strains have been isolated that have useful biopulping char-
acteristics include Phlebia brevispora, Dichomitus squalens,
Phlebia tremellosa, Perenniporia medulla-panis, and Hyph-
odontia setulosa. Tt is further believed that the method of the
present invention will be equally applicable when used with
any other lignin-degrading white rot fungi in a biopulping
process.

Strains of the white rot fungi can be maintained by
conventional fungal culture techniques, most conveniently
by growing on potato dextrose agar (PDA) slants. Stock
slants may routinely be prepared from an original culture for
routine use and may be refrigerated until used.

The fungal culture may be applied to the wood in several
ways. For example. to inoculate significant volumes of wood
chips. a starter inoculum may be prepared. The starter
inoculum can be simply a smaller volume of chips carrying
the fungal mycelium throughout. so that the starter inoculum
may be conveniently mixed into a larger volume of chips for
the inoculation of the larger quantity of chips. In the starter
inoculum culture, a relatively high moisture content in the
wood, at least 55%—65% is maintained to ensure better
colonization of the chips with the fungal mycelia.

In the laboratory-scale procedures described below, a
liquid inoculum is prepared and mixed with the wood chips.
The liquid inoculum is prepared by combining potato dex-
trose broth and yeast extract with distilled water and steril-
izing the combined mixture. After cooling to room
temperature, the flasks are inoculated with plugs cut from a
ten day old potato dextrose agar plate prepared from a
working culture of the fungus. These potato dextrose agar
plates had been incubated at 27° C. and 65% relative
humidity for ten days. The inoculated flasks are then incu-
bated at 27° C. at 65% relative humidity for ten more days.

The flasks are decanted and washed with sterile distilled
water to remove the excess medium from the fungal biom-
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ass. The fungal biomass is then placed in distilled water and
blended in an electric blender twice for 15 seconds at high
speed. More distilled water is added to the suspension. An
amount of the suspension is dried to determine the dry
weight per ml. Different dilutions of the fungal inoculum can
then be made from this fungal stock culture to obtain
inoculants of different strengths.

The chips are mixed with the liquid inoculum and the
mixture is incubated for a time period. preferably between 2
weeks and 4 weeks. Of course. if a commercial scale
inoculation is planned, the incubation period may have to be
adjusted to meet commercial concerns.

Alternatively, the fungal inoculum may be applied to the
wood chips in other ways. such as a liquid spray or a solid
inocula.

When the rate of application of the fungal inoculants are
discussed here, the inoculum is measured on a dry weight
basis. This measurement indicates the percentage of total dry
mass of the inoculated wood chips that is represented by the
fungal inoculum. For example, a 0.3% inoculum on a dry
weight basis means that in 100 g of dry weight of wood chips
plus inoculum, 0.3% (0.3 g) of the dry mass is fungus.

Preferably. the fungal inoculant of the present invention is
less than 0.3% on a dry weight basis. More preferably. the
inoculant is less than 0.1% on a dry weight basis. It has also
been found that the fungal inoculant of the present invention
can be equal to or even less than 0.0005% on a dry weight
basis.

3. Addition of a Nutrient Adjutant

The present invention requires the addition of a nutrient
adjuvant to the biopulping procedure described above.
Preferably, an amount of the nutrient adjuvant is added to the
fungal inoculum prior to the addition of the inoculum to the
wood chips. In the Examples below, nutrient adjuvant is
added to the inoculum and both inoculum and nutrient are
immediately added to the wood chips. However, the nutrient
adjuvant could be added separately to the wood chips. before
or after the fungal inoculum. Additionally, it is envisioned
that it might be advantageous to incubate the nutrient
adjuvant and fungal inoculum for a period of time before
application to the wood chips.

The nutrient adjuvant of the present invention possesses
the capabilities of fostering growth of the fungal biomass in
a manner that allows successful biopulping with a limited
amount of fungal inoculum. Specifically, the nutrient adju-
vant of the present invention will allow at least 100-fold less
fungal inoculant to be used for equivalent dwell times to
achieve equivalent results. This requirement means that the
nutrient adjuvant must possess the appropriate chemical
composition to allow the fungal biomass to significantly and
dramatically increase its mass relative to a culture growing
without a nutrient adjuvant.

Preferably, the nutrient adjuvant of the present invention
allows a fungal inoculum of less than 0.1% on a dry weight
basis to be used. Most preferably, the nutrient adjuvant of the
present invention allows a fungal inoculum of less than or
equal to 0.0005% to be used.

As a comparison of Examples 1 and 2 below will
demonstrate, a 0.3% fungal inoculum (on a dry weight basis)
without a nutrient adjuvant is required for an energy savings
of 19% after a 2 week incubation or dwell time. When a
0.001% inoculum (on a dry weight basis) is combined with
1% corn steep liquor (measured as weight of semi-solid
liquid as a percentage of dry weight of the wood chips). an
identical energy savings of 19% is realized after a 2 week
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incubation. Therefore, the amount of fungal inocula needed
to achieve equivalent energy savings is reduced by at least
300-fold through the use of the adjuvant. Table 2. below at
Example 2, indicates that inocula levels of 0.0005% (on a
dry weight basis) can be used. thus achieving a significant
economic savings.

Nutrient adjuvants are expressed as percentages on a
liquid to dry weight basis. Therefore. a 1% adjuvant solution
represents the addition of 1 gram of viscous liquid corn steep
liquor to 100 grams of dry weight of the wood. Since the
corn steep liquor is about 50% solids, the additive levels
could be reduced by about 50% to obtain dry weight levels
for this additive.

Most preferably, the nutrient adjuvant of the present
invention is corn steep liquor. The nutrient adjuvant may be
sterilized or autoclaved corn steep liquor, but sterilization is
specifically not required.

Corn steep liquor is a by-product of the production of corn
starch and. as a by-product. is relatively economical. Corn
steep liquor is selected because it is relatively cheap ($55/
ton of semi-solid liquid in 1994) and is commercially
available from Corn Products, a Unit of CPC International
Inc.. Summit-Argo. Iil.

Corn steep liquor is a condensed fermented corn extrac-
tive which is produced in the corn wet milling process when
the dry corn is soaked (steeped) in a warm sulfurous acid
solution. Corn steep liquor is sold commercially by several
companies as a viscous light brown liquid. During the
process, the grain solubles are released and undergo a mild
lactic acid fermentation from naturally occurring microor-
ganisms. Currently corn steep liquor is used as a liquid
supplement for ruminants. unidentified nutrient source for
poultry and protein source and biding agent for cattle range
blocks. ‘

The composition of corn steep liquor varies slightly. A
typical composition is about as follows:

Dry substance (%) 50.7
pH 39
Protein (% dry basis) 408
Lactic acid (% dry basis) 16.0
Reducing sugars (% dry basis) 12.8

The Examples below demonstrate the use of a corn steep
liquor obtained from Corn Products division of CPC Inter-
national with the above-identified composition. However. in
other experiments, we have used corn steep liquors obtained
from other batches, and our results were similar to those
obtained with the batch identified above. In general. in a
preferred corn steep liguor, the dry substance will vary from
about 50%-55%. the pH will vary from about 3.9-4.2, the
protein percent will vary from about 20%-50%. the lactic
acid percent will vary from about 15%—20% and the reduc-
ing sugars will vary from about 5%-15%.

Preferably, between 0.5% and 3.0% (on a weight to
weight basis) corn steep liquor nutrient adjuvant is used. On
a cost basis, it is advantageous to use as little nutrient as
possible. However, this savings has to be weighed against an
increase in fungal biomass when increased amount of nutri-
ent adjuvant is used. We envision that nutrient adjuvant of
about 0.0005% or less, on a weight to weight basis, will be
successful.

4. Incubation of Wood Chips

The actual incubation of the wood chips for fungal
degradation may now proceed. Wood chips combined with





















