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ABSTRACT

Various process parameters for the production of polygalacturonase by Sreptomyces lydicus under solid-
state fermentation were optimized. The optimum particle size of wheat bran for polygal acturonase production
wasin the range of 500-1000 pum. Initial moisture content of 70% was found to be the optimum for enzyme
production. Themost suitableinoculum sizewas 1.25 x 10° CFU/mL and the optimum incubation temperature
was 30°C. Addition of carbon sources resulted in 37% increase in enzyme yield (425 U/g), whereas no
significant enhancement was obtained on nitrogen supplementati on. Maximum enzymeyield wasrecorded at
72 h. When compared to the initial production medium (108.5 U/qg), the enzyme yield was 3.9 fold after
optimization. Solid-state fermentation was effectively employed to devel op anovel processfor the simultaneous
extraction and degumming of banana fibers. Sreptomyces lydicus was allowed to grow on wheat bran
medium in which banana |eaf sheath pieces were incorporated and the fiber bundles were separated after a

two-step fermentative process.

Key words: Banana fiber degumming, Solid-state fermentation, Polygalacturonase, Streptomyces lydicus,

Wheat bran.

INTRODUCTION

Plant fibers are schlerenchymatous cells with heavily
lignified cell wallshaving anarrow lumenin cross section. Fiber
cells are dead at maturity and serve as a support tissue (1).
Natural fibers possess several advantages over synthetic fibers
such as low density, appropriate stiffness and mechanical
properties and also high disposability and renewability (11).
Also, they are recyclable and biodegradable (2). Bananafibers
can be used for various purposes such as in textile, paper or
handicraftsindustry. Bananapaper isversatile asit iswaterproof
and stronger than wood-pul p paper, meaning it can be used in
packaging and even as a basis for building materials. Indiais
the first banana fruit producer in the world and the yield is 16
milliontons per year. After harvesting, the pseudostem of banana
is disposed as awaste material. The fiber content of the above
material is 54.3% and can be effectively used as a source of
natural fibers.

Banana fibers can be extracted by employing chemical,
mechanical or biological methods. Chemical method causes
environmental pollution, while mechanica method failsto remove
the gummy material from the fiber bundle surface. Biological
procedures yield more fiber bundles than the other two
procedureswithout any harm to the environment. The extraction
of banana fibers using biological natural retting has already
been reported (2). After extracting the fibers, degumming is
essential prior to the utilization of fibers. Theremoval of heavily
coated, non-cellulosic gummy material from the cellulosic part
of plant fibersiscalled degumming (16).

Pectinases have aleading rolein the degumming of natural
fibers by removing interlamellar pectin which acts as a
cementing substance between the fibers. Solid-state
fermentation (SSF) is an efficient tool for microbial enzyme
production including pectinases. Theyield of adesired product
under SSF depends upon several factors like particle size of
the substrate, initial moisture content of the medium,
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incubation temperature etc. and henceit isessential to optimize
the levels of these factors.

Theaim of the present investigation wasto study the effect
of process parameters and nutrient supplementation on
polygal acturonase production by Sreptomyces|ydicusin solid-
state fermentation using wheat bran and to develop a novel
process for the simultaneous extraction and degumming of
banana fibers utilizing polygalacturonase produced by
Sreptomyces lydicus.

MATERIALSAND METHODS

Themicroorganism

Thenovel strain of Sreptomyces|lydicusMTCC 7505 used
in the present investigation was isolated from mangrove
sediment (7) and was maintained on starch casein agar slants
at 4°C.

I noculum preparation

Broth media used for the preparation of inoculum
contained (g/L) (NH4).SOs: 2; K:HPO.: 2; KH.PO,: 2; yeast
extract: 3 and pectin: 5 (pH 7.0). The strain wasinocul ated into
100 mL of thebrothin 250 mL Erlenmeyer flask and incubated
for 24 h at 30°C and 175 rpm in arotary shaker. The inoculum
contained 2.5 x 10* colony forming units (CFU) / mL.

Solid-statefermentation

Solid-state fermentation was carried out in 250 mL
Erlenmeyer flaskswith 10 g of wheat bran with aparticle size of
500-1000 pm. The solid substrate was moistened with asolution
containing (g/L) (NH4)2SO.: 4; K:HPO,: 4 and KH, PO, 4 (pH -
7.0), autoclaved for 45 min and inoculated with 5 mL of broth
culture. Thefinal moisture content of theflask was 50 %. Flasks
wereincubated for four daysat 30°C.

Optimization of processparameters

Various process parameterswere optimized such asparticle
size of the substrate (>300, 300-500, 500-1000 and 1000-2000
pmy, initial moisture content of the medium (30, 40, 50, 60, 70 and
75%), pH of the moistening solution (5.0, 6.0, 7.0, 8.0, 9.0 and
10.0), inoculumsize(2.5,5, 7.5, 10, 12.5and 15 mL ) and incubation
temperature (27, 30, 33 and 36°C). Optimization of initial moisture
content was performed, maintai ning the concentration of mineral
salts constant, varying only the volume of distilled water so
that mineral salts should not have any differential influence on
growth and enzyme production. Supplementation of the growth
media with 1% (w/w) of different carbon sources (glucose,
galacturonic acid, sucrose, starch and pectin,), 1% (w/w) of
organic nitrogen sources (yeast extract, peptone, ureaand corn
steep solids) and inorganic nitrogen compounds in terms of
availablenitrogen (0.004%, w/w) ((NH,).HPO4, KNOs, NH,HCO;,
NH.Cl and (NH,).SO.) was aso attempted. The mineral salt
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solution used was devoid of (NH,).SO,, while studying the
influence of nitrogen sources.

Enzymeextraction

After fermentation, the fermented material was mixed with
distilled water and homogenized by keeping in arotary shaker
at 200 rpm for 1 h. Filtration was carried out through muslin
cloth and the resultant filtrate was centrifuged for 20 min at
10,000 rpm and 4°C. The supernatant was used as the enzyme
sourcefor analytical experiments.

Analytical procedures
Assay for polygalacturonase

Polygalacturonase activity was determined according to
Honda et al (4). Reaction mixture containing 0.5 mL of suitably
diluted enzyme was incubated with 0.5 mL of 0.5%
polygalacturonicacid (SIGMA) in 100mM Mcllvainebuffer (pH
7.0) for 30 min at 50°C. Thereactionwasinterrupted by adding 2
mL of 100 mM borate buffer (pH 9.0) followed by 1 mL of 1%
cyanoacetamide. The mixture was immersed in aboiling water
bath for 10 min, cooled and read against a suitable blank at 276
nm using a spectrophotometer (Model UV PC 2401, Shimadzu
Corporation, Japan). One unit (U) of polygalacturonase was
defined as the amount of enzyme required to release 1 umol of
galacturonic acid from polygal acturonic acid min? under theassay
conditions.

Egtimation of biomass

Biomass estimation was carried out by determining the N-
acetyl glucosamine content of the cell wall (17) and it was
expressed as mg of glucosamine/g dry fermented matter.

Dry weight determination
A suitableamount of thefermented matter wasdriedin oventill
constant weight and the dry weight of the sample was cdculated.

Bananafiber degumming

Banana leaf sheath treatment was performed in 250 mL
Erlenmeyer flasks and the treatment medium contained 10 g of
wheat bran (500- 1000 pm) and 0.1 g of pectin, moistened by a
salt solution of (g/L) K;HPO,: 4 and KH,PO,: 4 (pH-6.0). The
leaf sheath pieces (30 x 10 x 2 mm) were incorporated in the
above medium, autoclaved for 45 minutesand inoculated with 5
mL of broth culture. Flasks were incubated at 30°C for three
days and the wheat bran was washed off to take out the leaf
sheath. The treated leaf sheath was re-fermented for another
three daysin fresh solid-state medium. Wheat bran was washed
off and the fiber bundles were separated by hand stripping.

Fiber quality
Tensile strength of the fiber bundles was checked using
Hounsfield test equipment (Model 5K-S). Diameter of the



bundles was recorded with an optical microscope. Surface
characteristics of the fiber bundleswere analyzed with the help
of scanning electron micrographs.

RESULTS

Optimization of cultureparameters

Different culture parameters were optimized for the
enhancement of polygalacturonase production by S lydicus.
Substrate sel ection was carried out earlier wherewheat bran was
found to be the best one (6). The optimum particle size of wheat
bran for polygal acturonase production wasin the range of 500-
1000 pm. A declinein enzyme production was observed above
and below the optimum particlesize (Fig. 1). Theinitial moisture
content is one of the most critical parameters for the successful
operation of solid-state fermentation (SSF) (3). In the present
investigation, 70% moisture was found to be the best for
polygal acturonase production (Fig. 2). Moisture content of 80to
90% isdetrimental for the survival of actinomycetes. Asevident
from Figure 3, the highest enzyme activity was recorded when
the pH of the moistening solution was 6.0, as compared to the
control (pH 7.0). Although the optimum pH wasfound to be 6.0,
considerable production was detected in all sets of experiments.
Tofind out the most favourableinoculum density, inoculum size
wasvaried from 6.25x 10*to0 3.75 x 10°CFU and the control with
1.25 x 10° CFU was the best (Fig. 4). Fig. 5 demonstrates the
effect of incubation temperature on polygal acturonase production
by S lydicus and the optimum temperature was 30°C.
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Figure 1. Effect of particle size of the substrate on enzyme
production. Particle size of wheat bran was varied from >300-
2000 pm. The other culture conditionswere moisture: 50%; pH
of the mineral salt solution: 7.0; inoculum size: 5 mL and
temperature: 30°C.
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Figure 2. Impact of initial moisture content of the medium on
polygal acturonaseyield. Initial moisture content of the medium
was adjusted from 30 to 75%. The other culture conditionswere
particle size of wheat bran: 500-1000 pm; pH of the mineral salt
solution: 7.0; inoculum size: 5 mL and temperature: 30°C.
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Figure 3. Influence of pH of the moistening solution on enzyme
yield. pH of the moistening solution was altered from pH 5.0to
pH 10.0. The other culture conditionswere particle size of wheat
bran: 500-1000 um; moisture: 70%; inoculum size: 5 mL and
temperature: 30°C.

Optimization of nutritional parameters

Among the various carbon additives, pectin was identified
as the most favoured supplement (Fig. 6). Similar result has
been reported in the case of Aspergillus japonicus where the
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maximum pectinolytic activity was observed in the presence of
pectin (19). As illustrated in Fig. 7, none of the nitrogen
supplements could augment enzymeyield.

3501

300

2501

200 A

150

Enzyme yield (U/g)

100+

501

—

Inoculum size (mL)

2.5 5

Figure 4. Effect of inoculum size on polygal acturonase yield.
Inoculum density was varied from 2.5 mL to 15 mL (2.5x 10*
CFU/mL). The other culture conditions were particle size of
wheat bran: 500-1000 pm; moisture: 70%; pH of themineral salt
solution: 6.0; and temperature: 30°C.
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Figure 5. Influence of incubation temperature on enzyme
production. The inoculated medium wasincubated at different
temperatures from 27-36°C. The other culture conditions were
particle size of wheat bran: 500-1000 um; moisture; 70%; pH of
themineral salt solution: 6.0 and inoculumsize5mL.
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Figure 6. Effect of carbon supplements on polygalacturonase
yield. The production medium was supplemented with glucose,
galacturonic acid, sucrose, starch and pectin. The culture
conditions were particle size of wheat bran: 500-1000 um;
moisture: 70%; pH of the mineral salt solution: 6.0; inoculum
size5mL and temperature 30°C.

Evaluation of fermentation time

Evaluation of fermentation time was conducted at 12 h
interval, adopting the optimized conditions (Fig. 8) and the
maximum enzyme activity was recorded at 72 h (425 U/g).
Biomassintermsof N-acetyl glucosamine concentration showed
a steep increase from 12 to 72 h and thereafter a steady state
was maintai ned.

Bananafiber degumming

A two-step fermentative process was employed to extract
the fiber bundles from fresh pseudostem of banana. The time
required for the novel solid-state fermentative processwas only
six days. Scanning el ectron micrographs of thebundle wastaken
after biological extraction. Removal of the non-cellulosic gummy
wastes was extremely good as compared to the control (fiber
bundle obtained from fresh leaf sheath by hand stripping was
considered as the control) (Fig. 9). Tensile strength of the
biologically extracted fiber bundle was as good as the control
(Table 1). Fiber bundles with the same diameter were selected
for mechanical testing to avoid any falseinformation.

DISCUSSION

Effect of cultureparameter son enzymeproduction

SSF is an attractive tool for the production of enzymes
because of its higher productivity, lower capital and operating
costs, lower space requirements, simpler equipment and easier
downstream processing compared to that of submerged
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Figure7. Supplementation of nitrogen sources. 1 yeast extract,
2 peptone, 3 urea, 4 corn steep solids, 5 (NH4)HPO,, 6 KNOs, 7
NH;HCO;, 8 NH4Cl, 9 (NH,).SO,, 10 control (without nitrogen
supplement). The culture conditions were particle size of wheat
bran: 500-1000 um; moisture; 70%; pH of the mineral salt
solution: 6.0; inoculum size5 mL and temperature 30°C with 1%
pectin as carbon supplement. The mineral salt solution used for
the experiment wasdevoid of (NH,),SO..

Table 1. Properties of banana fiber bundles. Biologically
extracted fiber bundles were as good as the control (Control:
fiber bundle obtained from fresh leaf sheath by hand stripping
was considered as the control. Biologically extracted fiber
bundle: fiber bundles were hand stripped after biological
treatment).

Fiber Biologically Control
properties extracted fiber
bundle
Tensile Strength (M Pa) 133 1P
Maximumforce(N) 235 233
Diameter (mm) 015 015

fermentation (SmF) (14). Themajor factorsthat affect microbial
synthesis of enzymes in a SSF system include selection of a
suitable substrate, water content of the substrate, size of
inoculum, temperature etc (12). Particle size of the substrate
wasfound to be one among the crucial factorsaffecting enzyme
production. The results of the present study indicating an
optimum particle size of 500-1000 um for polygal acturonase
production can be correlated to the fact that the larger particle
size decreases the enzyme production due to the reduction in
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Figure8. Timecourse of polygal acturonase production. Enzyme
yield was monitored at regular intervals. (ll) Enzyme activity
(U/g), (#) Biomass (glucosamine (mg/g)). The culture conditions
were particle size of wheat bran: 500-1000 pum; moisture: 70%;
pH of the mineral salt solution: 6.0; inoculum size 5 mL and
temperature 30°C with 1% pectin as carbon supplement.
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Figure 9. Scanning electron micrographs of banana fiber
bundles; A. Contral: fiber bundle obtained from fresh leaf sheath
by hand stripping was considered asthe control. B. Biologically
extracted fiber bundle: fiber bundles were hand stripped after
biological treatment.

total surface areawhilethe smaller particle size reducesenzyme
yield dueto thediminution inthe porosity of the medium. Initial
moisturelevel of themedium also actsasacontrolling factor for
enzyme production. Low moisture level leads to reduced
solubility of the nutrients of the solid substrate, lower degree
of swelling and higher water tension (21) and hence, affects
growth and metabolism of theorganism (9). Moisturelevel above
optimum causes decreasein the porosity, aterationin thewheat
bran particle structure, gummy texture, low oxygen transfer etc
(15). An extrinsic parameter, such as pH, acts synergistically
with other physical parametersin addition to being aregulatory
parameter in biotechnological processes (10). However, in a
solid-substrate medium, the pH of the mineral salt solution does
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not possess a profound impact on enzyme production as the
substrate itself has a pH of its own. The amount of inoculum
added to the fermentation medium has significant effect on
growth and enzyme production. Lower inoculum density than
the optimum may not be sufficient to initiate growth and to
produce the required biomass, whereas higher inoculum can
causefierce competition for nutrients(9). Incubation temperature
isakey factor affecting growth and metabolism of microbesas
the activity of metabolic enzymes is directly influenced by
temperature of the microenvironment. S. lydicus is mesophilic
in naturewith agrowth temperature range of 15-42°C (7). When
amesophilic culture is concerned, very low temperature may
not trigger the metabolism of the organism while very high
temperature resultsin the denaturation of metabolic enzymes.

Effect of nutrient supplementation on enzymeproduction

Solid substrate not only serves as anchorage for the cells
but also suppliesthe nutrientsto the microbial culturesgrowing
init (13). However, some of the nutrientsin the solid substrate
may be available in sub optimal concentrations, or even not
present in the substrate. In such cases, it would be necessary
to supplement them externally (8) to enhance growth and
subsequently enzyme production. In the present study, all the
carbon additives except pectin and galacturonic acid could
function only as nutrient supplements where as pectin and
galacturonic acid acted both as nutrients as well as inducers.
Both of them have been reported as inducers for
polygal acturonase production (18). Normally galacturonic acid
should have an inhibitory effect on enzyme production, asitis
the end product of hydrolysis of pectin. But, unlike SmF, SSF
system ismuch moreresistant to catabolic repression (20). The
results of nitrogen supplementation indicated that wheat bran,
with 16% protein (5) initscomposition, could supply therequired
nitrogen for the growth of the organism.

Evaluation of fermentationtime

Enzymeyield hasbeenincreased considerably (3.9 fold) as
comparedtotheinitia medium (6). However, the hour of maximum
enzyme production remained the same and biomass estimation
led to the conclusion that the enzyme production by S. lydicus
was growth associated.

Bananafiber degumming

An ecofriendly processfor the simultaneous extraction and
degumming of banana fibers was developed under solid state
cultivation utilizing the ability of S. lydicus to produce
polygalacturonase. Fiber quality is related to the length of the
fiber aswell asitsproperties(2). Length of thefiber bundleisan
important factor for textile and yarn industries. In the current
methodology, the required length can be achieved by varying
the length of the leaf sheath pieces subjected for fermentation.
The chemical composition of both biologically and mechanically
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extracted fibers exhibits a similar pattern (2). Hemicelluloses
and pectins are the major type of gummy materials present on
the outer walls of bananafiber bundlesand hencethebiological
action does not modify the chemical composition of inner
elementary fibers constitutive of the bundles, which are mainly
composed of cellulosg, lignin and someamount of hemicellulose
(2). Biologica natural retting, with an exposuretimefrom 10to
30 days, has been reported to obtain banana fiber bundles of
different length. The tensile strength of the fiber bundles has
been decreasing upon increasing biological extraction time (2)
indicating the necessity of decreasing the duration of the
process. The processing time required for the present method
was only six days solving the above problem to a great extent.
Enzyme treatment of banana leaf sheath is a good strategy
compared to simultaneous fermentation asit may further reduce
the duration of the treatment. The treatment of hand stripped
banana fiber bundles has already been attempted with
polygalacturonase obtained from S. lydicus (7). But theyieldis
morein biological extraction than the other strategy with hand
stripping and processing (2) and so the present study was
focused on biological extraction of banana fiber bundles. The
present method is advantageous as compared to chemical
extraction proceduresasenvironmental pollution can be avoided.
The newly devel oped ecofriendly methodol ogy, which can be
operated with lessinfrastructure and space within ashort period
of time, is expected to be a promising onein the field of plant
fiber extraction and processing.
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RESUMO

Novo processo para a extracdo e simultanea
degomagem defibrasdebanana

Véarios parametros de processo de produgdo de
poligalacturonase por Streptomyces lydicus por fermentagdo
em estado sdlido foram otimizados. O tamanho 6timo de particula
defarelo de trigo paraa producdo de poligalacturonase esteve
nafaixade500a1000 mm. Oteor inicial de umidade de 70%foi
o melhor para a produgéo da enzima. O indculo inicial mais
adequado foi de 1,25 x 10° UFC/mL e atemperatura 6tima de
incubacgdo foi 30°C. A adic&o de fontes de carbono resultou em
aumento de 37% no rendimento daenzima (425U/g), enquanto
gue a suplementacdo com nitrogénio ndo melhorou o
rendimento. O rendimento méximo daenzimafoi obtido em 72h.
A otimizacdo resultou em um aumento de 3,9 vezes naquantidade
de enzima produzidainicialmente (108,5U/g). A fermentacdo em
estado-sdlido foi eficiente parao desenvolvimento de um novo



processo de extracdo e simulténea degomagem. Streptomyces
lydicusfoi cultivado em meio defarel o detrigo acrescentado de
fragmentos de folhas de banana, sendo os feixes de fibras
separados apds um processo de fermentacdo em dois passos.

Palavras-chave: Degomagem de fibras de banana, fermentacao
em estado solido, poligalacturonase, Streptomyces lydicus,
farelodetrigo

REFERENCES

1. Dutta A.C. (1980) The tissue. In: Dutta, A.C. (ed). A Class-Book of
Botany. Oxford University Press, London, p. 182-194.

2. Ganan, P; Zuluaga, R.; Velez, JM.; Mondragon, |. (2004) Biological
natural retting for determining the hierarchical structuration of banana
fibers. Macromol. Biosci., 4, 978-983.

3. Gonzalez, JB.; Tomasini, A.; ViniegraGonzalez, G; Lopez, J. (1988)
Penicillin producton by solid state fermentation. Biotechnol. Lett.,
10, 793-798.

4. Honda, S.; Nishimura, Y.; Takahashi, M.; Chiba, H.; Kakehi, K.
(1982) A manua method for the spectrophotometric determination
of reducing carbohydrates with 2-cyanoacetamide. Anal. Biochem.,,
119, 194-199.

5. IdrisWisal, H.; Babiker Elfadi, E.; El Tinay Abdullahi, H. (2003)
Fractionation, solubility and functional properties of wheat bran
proteins as influenced by pH and/or salt concentration. Nahrung.,
47, 425-429.

6. Jacob, N.; Prema, P. (2006) Influence of mode of fermentation on
polygalacturonase production by a novel strain of Streptomyces
lydicus. Food Technol. Biotechnol., 44, 263-267.

7. Jacob, N.; Niladevi, K.N.; Anisha, GS.; Prema, P. (2006) Hydrolysis
of pectin: an enzymatic approach and its application in banana fiber
processing. Microbiol. Research, doi:10.1016/j.micres.2006.07.016.

8. Kashyap, D.R.; Soni, SK.; Tewari, R. (2003) Enhanced production
of pectinase by Bacillus sp. DT7 using solid state fermentation.
Bioresour. Technol., 88, 251-254.

9. Kaur, G,; Satyanarayana, T. (2004) Production of extracellular
pectinolytic, cellulolytic xylanolytic enzymes by thermophilic mould

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Extraction and degumming of bananafibers

Spoorotrichum thermophile Apinis in solid state fermentation. Indian
J. Biotechnol., 3, 552-557.

Lonsane, B.K.; Ramesh, M.V. (1990) Production of bacterial
thermostable o-amylase by solid state fermentation; A potential
tool for achieving economy in enzyme production and starch
hydrolysis. Adv. Appl. Microbiol., 35, 1-56.

Mohanty, A.; Mishra, M.; Hinrichsen, G. (2000) Biofibres,
biodegradable polymers and biocomposites:An overview. Macromol.
Mater. Eng., 276/277, 1-24.

Pandey, A.; Selvakumar, P.; Soccol, C.R.; Nigam, P. (1999) Solid-
state fermentation for the production of industrial enzymes. Curr.
Sci., 77, 146-162.

Pandey, A.; Soccol, C.R.; Mitchell, D. (2000) New developments in
solid state fermentation. |I. Bioprocesses and products. Process
Biochem., 35, 1153-1169.

Pandey, A.; Soccol, C.R.; Nigam, P.; Soccol, V.T. (2000)
Biotechnological potential of agroindustrial residues. |: sugar cane
begasse. Bioresour. Technol., 74, 69-80.

Raimbault, M.; Alazard, D. (1980) Culture method to study fungal
growth in solid-state fermentation. Eur. J. Appl. Microbiol.
Biotechnol., 9, 199-209.

Said, S.; Fonseca, M.J.V.; Siessere, V. (1991) Pectinase production by
Penicillium frequentans. World J. Microbiol. Biotechnol., 7, 607-
608.

Sakural, Y.; Lee, T.H.; Shiota, H. (1977) On the convenient method
for the glucosamine estimation in koji. Agric. Biol. Chem., 41, 619-
624.

Solis-Pereira, S.; Torres, E.F,; ViniegraGonzélez, G; Gutiérrez-Rojas,
M. (1993). Effects of different carbon sources on the synthesis of
pectinase by Aspergillus niger in submerged and solid state
fermentations. Appl. Microbiol. Biotechnol., 39, 36-41.

Teixeira, M.F.S.; Filho, J.L.L.; Durédn, N. (2000) Carbon sources
effect on pectinase production from Aspergillus japonicus 586.
Braz. J. Microbiol., 31, 286-290.

Viniegra-Gonzéalez, G.;Torres, E.F. (2006) Why solid-state
fermentation seems to be resistant to catabolite repression? Food
Technol. Biotechnol., 44, 397-406.

Zadrazil, F.; Brunnet, H. (1982) Solid state fermentation of
lignocellulose containing plant residues with Sporotrichum
pulverulentum and Dichomitus squales Reid. Eur. J. Appl. Microbioal.,
16, 45-51.

121




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PTB <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


