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Recent Advences in Bio— Ligninolytic Pulping Technics ™’
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Table 1.

Representative species of white-rot fungi

Fungus

“

Reference
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. Phanerochaete chrysosporium

(=Sporotrichum pulverulentum)

. Phanerochaete velutina
. Polyporus abietinus (=Hirschioporus abietinus)
- Polyporus versicolor (=Coriolus versicolor)

. Polyporus dichrous (=Gloeoporus dichrous)

. Polyporus adustus (=Bjerkandera adusta)

- Polyporus brumalis

. Polyporus picipes (=P. badius)

. Polyporus resinosus (=Ishnoderma resinosus

and P. benzoinus)

_ Polyporus berkeleyi

. Polyporus giganteus (=Polypilus giganteus)
- Polyporus frondosus

. Poria subacida (=Perenniporia subacida)

. Porig ambigua (=P. latemarginata)

. Pleurotus ostreatus

. Bjerkandera adusta
. Pycnoporus cinnabarinus

Trametes zomata

. Trametes hirsuta (=Corrolus hirsutus)
. Trametes versicolor (=Coriolus versicolor)

Trametes pini (=Phellinus pini)

- Pholiota mutabilis

- Pholiota spectabilis (=Gymnopilus spectabilis)
24. Pholiota squarrosa

. Cerrena unicolor

. Phellinus isabellinus

27. Phlebia gigantea

28. Phlebig radiata
29. Merulinus tremellosus

30.
3L

Lycoperdon pyriforme
Fomes applanatum (=Ganoderma applanatum)

Kirk et al. (1975),

Lundquist et al (1977)

Ander and Eriksson (1977)
Day er al. (1949)

Cowling (1961), Kawase (1962),
Pelczar er ql. (1950);

Kirk and Highley (1973),
Haider and Trojanowski (1975)
Ander and Eriksson (1977),
Selin et al. (1973)

Sundman and Nase (1971)
Sundman and Nase (1971)
Sundman and Nase (1971),
Ander and Eriksson (1977)

Kirk and Moore (1971),
Kawase {(1962)

Kirk and Moore {1972)
Kirk and Moore (1972)
Day et al. {1949)

Ander and Eriksson (1977)
Hiroi and Eriksson (1976),
Sundman and Nase {(1971),
Kirk and Moore (1972), Haider
and Trojanowski (1975)
Ander and Eriksson (1977)
Ander and Eriksson (1977)
Ander and Eriksson (1977)
Ander and Eriksson (1977)
Ander and Eriksson (1977),
Sundman and Nase (1971),
Selin er al. (1975)
Sundman and Nase (1971)
Ander and Eriksson (1977)
Ander and Eriksson (1977)
Sundman and Nase (1971)
Ander and Eriksson (1977)
Ander and Eriksson (1977)
Ander Eriksson (1977)
Ander and Eriksson (1977)
Ander and Eriksson (1977)
Ander and Eriksson (1977)
Kawase (1962)
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32. Fomes ulmarius (=Rigidoporus ulmarius)

33 Fomes annosus (=Heterobasidion annosum or
Fomitopsis annosa)

24, Fomes fomentarius

35 Fomes ignarius (=Phellinus igniarius)

36 Fomes pini (=Phellinus pini)

37. Marasmius androsaceus

38 Marasmius scorodonius

39, Armillaria mellea (=Armillariella mellea)

40, Hypholoma capnoides

41 Polystictus abietinus (=Hirschioporus abietinus)

12, Lenzites butulinag
43. Panus conchatus

14. Stereurm purpureum (=Chondrostereum purpureum)

45. Xanthochorus obliquus

46, Ganoderma applanatum (=Elfvingia applanatum)

47. Peniophora sp.
4. Cryptoderma yamanoi
49, Radulum casearium

Ander and Eriksson (1977),
Kirk and Moore (1972)
Sundman and Nase (1971),
Ishikawa er al. (1963)
Sundman and Nase (1971)
Sundman and Nase (1971)
Ishikawa et al. (1963)
Sundman and Nase (1971)
Sundman and Nase (1971)
Sundman and Nase (1971)
Sundman and Nase (1971)
Sundman and Nase (1971)
Sundman and Nase (1971)
Sundman and Nase (1971)
Sundman and Nase (1971)
Sundman and Nase (1971)
Kirk and Highley (1973),
Kirk and Highley (1973)
Kirk and Moore (1972)
Thiverd and Lebreton (1969)
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Fig. 2 Loss of wood components by fungal degradation.
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Table 2. Some changes in general properties of 100
lignin in spruce wood during decay by white-rot
fungi
Method of Change 80
Property analysis Increase Decrease

Carboxyl content C, UV, IR, NMR + .
Hydroxy! content 4

=4
Total C + g Celluiose
Aliphatic C,NMR ER N
Aromatic C, UV, NMR ¥ E o Rest
Carbonyl content UV, IR, NMR + ®
Hydrogen/C
content C + 40 -
Oxygen/C content C + Lignin
Methoxyl/C p
content C + i ) | L : —

tal vi . 10 20 30 40 50
Total yield of Weight loss, %
methoxylated ; L . 3
1 2 3 4

aromatic acids on

oxidative degra-

dation after

methylation C +
Yield of principal

acidolysis

products C +

2
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Fig, 3 Degradation of “C.|LIGNIN|- spruce
by Gloeophylium and Phanerochaete

chrysosporium,

gt Crawford & “C—lignin & S Hstd WS
o zlayl sr#HES BEHY o Scott v Bl
THME BEMEE, 18 Gawagami v Ps-
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Fig. 4 Progressive change in the ratio cellulose:
lignin in birchwood chips treated with the un-
identified white-rot fungus P-BI. By addition of
certain nitrogen compounds the attack has beer
directed against the lignin.
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Fig. 5 Depletion of components from birch
wood by (a} wild type and (b) a cellulase-less
mutant of Sporotrichum pulverulentum (=Phanero-
¢t sete chrysosporium)
lignin.
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Fig. 6 A hypothetical catabolic sequence for
the microbial degradation of lignin. (1) Deme-
thylation of lignin’s 3-Omethyl groups and oxidation
of benzyl alcohols to ketones; (2) aromatic hydro-
xylation to form vatechol structures; (3} aromatic
ting fission by orthofission; (4) ring lactonization
(5-8) reactions directly analogous to those of
the 8-ketoadipate pathway ultimately yielding simple
organic acids such as acetate. This erosion of the
lignin molecule would occur at all lignin surfaces
available to the microorganism involved. This scheme
necessitates the involvement of extracellular or cell
surface-bound enzymes.

Fig. 8 Hydroxylation and dealkylation of propyl
ethers of 3-ethoxy-4-hydroxvbenzoic acid by the
lignin-decomposing fungus Polyporus dichrous. Inter-
mediate hydroxylated products presumably are meta-
bolized via dealkylation to the parent acid.
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Fig. 9 Reactions catalyzed by fungal cellobiose:
\ . .
I quinone oxidoreductase and laccase {Ander and
COoOH Eriksson, 1978).
COOH

Fig. 7 Hypothetical structure of a portion of
lignin after attack by white-rot fungi. Known
consequences of attack include decreases in H;
OCH;; aromaticity; phenolic, total and aliphatic
hydroxyl; yield of aromatic products on chemical
degradations; and increases in COOH; O; (=0;
a, B-unsaturated COOH; and aryl COOH.
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Fig. 10 Hydroxylation of 4-hydroxyphenoxy-
acetate by a Bacillus {R.L. Crawford, 1978).
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Fig. 11 Catabolism of 3,5-dihydroxybenzoate
by Bacillus brevis (Crawford and Olson, 1978 ).
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1) Chip — Biomechanical pulping
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Fig. 12 Power consumption for TMP from birch
chips treated by Cell~44 for 12 days.
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Fig. 13 Effect on tear factor and breaking
length of mechanical pulp from pine chips after
pretreatment with the cellulase-less mutant Cell-44.
o pretreated, e untreated. The broken lines show
values for the same number of revolutions used
in the milling.
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Fig. 14 Effect of pretreatment with wild type
and a cellulase-less mutant of the ligninolytic fungus
Phlebia radiata on (a) Canadian Standard Freeness
(CSF; a measure of fibrillation) and (b) tensile
index of paper, as functions of refining energy
consumption for pine chips. o, Control; & fungus-
treated, wild type; O, fungus-treated, mutant.

wAMLHS BxPol elad & 29%7Hx BREY +
AEE
Table 3. Effect of glucose on degradation of

alder TMP by Phanerochaete chrysosporium in two
weeks

Loss of component

Glucose (% of original amount)
(%, dry Carbo- Total
pulp basis} Lignin hydrates weight
0 31 23 24
7 34 24 25
35 29 0 6
70 25 0 o

PlES %5 =d 2 sled Ander®t Erksson
& ERz A3 HEHT FAstn —E B skt
%, THRE izl KEAEEL D& TR
2 TS #ESh

Chipsn

Substrote tonk

Seporotor
Fermenter

Chips out
to mefirer

Fig. 15 Silo arrangement for treating wood
chips with delignifying fungi, suggested by Ander
and Eriksson.

(2) Coarse TMP — Biomechanical pulping
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Fig. 16 Effect of pretreatment with wild type
and 2 cellulase-less mutant of Phlebia radiata on
{a) Canadian Standard Freeness (CSF; a measure
of fibre fibrillation), and (b) tensile index of paper,
as functions of refining energy consumption for
pine thermomechanical pulp. o, Control; &, fungus-
treated, wild type; 3, fungus-treated, mutant.

Abson %2 red alder 8 coarse TMP & P ch-

rysosporium © 2 W4y Biel anddy gk % post re-
fining o} olul =] ##& ol alkali swelling B8 #HE&
of whit [ "ol WAERHS I &E JdF
H#e o b e = oalkali swelling 4 #ol
Y o] WEF W% ol ZA MY HE <k

s} TMP® fungal degradation FEE+x 39
ASuch Gl wekd ol @ shfel 3% Kb Hel
2dF +E2YE w3

{3) Biochemical pulping

biochemical pulping o #8& %L obd 7 e

digEgh Al o= o] 2R Bsta gleh

HE KRB A 22 HMEI ST 4B
white -tot fungi & 2T Ao BEse 1 EA
M e ol RPEEE B NSSCP ® KP#o g A#shd
g w=ol BEe 4ok 2o

bR A4l B EiTe ks EEBLE e

B i o e e e e

Freeness, CSF {mi}

BE
- -t / H2e
- // // / o
Z 00 - H20 =z
< 4 y/ / -t
H / / e 8
% 150+ / =
;’, / w0 £
- d > .
o 100k 48 g

ot b 1 1 - i 0

0 2000 4000 6000 BOOO 10000

Revolytions 18 PPl cefiner

Fig. 17 Effect of pretreatment with the lig-
ninolytic fungus Phanerochaete chrysosporium on
(a) Canadian Standard Freeness {CSF; a measure
of fibre fibrillation) and (b) burst index, as func-
tions of revolutions in PFl-refining
Normal beating: e, control; 4, fungus-treated.
Alkali swollen: o, control; 2, fungus-treated.
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Table 4, Cooking results of fungal treated oak chip

Klnd Welght ,IOSS KP NSSCP
(%) Yield (%} Kappa No, Yield (%)
Intreated 0 h2.6 43.0 79.2
Treated 6.2 ~ 131 43.0~47.8 17.9~22.7 655 ~ 705
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Fig. 18 Changes in kappa number (Z lignin x
6), viscosity and weight of kraft pulp during in-
cubation with Phanerochaete chrysosporium. Dec-
rease in kappa number is proportional to bleaching.
Glucose was added to retard cellulose degradatior
e Kappa number; A, viscosity; C, weight loss; O,
glucose.
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Fig. 19 Decolorization of kraft bleach plant
effluent with ligninolytic mycelium of Phanerochaete
chrysosporium.
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