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Abstract Fermentation of Bacillus pumilus (B. pumilus)

using different pulp and paper sludges as culture media

were performed in this work to produce at lower cost

industrial enzymes such as xylanases. Secondary sludge

was shown to be a suitable alternative culture medium for

B. pumilus growth, while primary sludge may serve as

xylanases inducer. Mixing primary (PS) and secondary

sludges (SS) at 1PS:2SS (w/w) ratio having 15 g/L total

solids concentration resulted in the highest cell concen-

tration of 2 9 108 CFU/mL and the highest xylanase

activity of 3.8 IU/mL under shake flask fermentation.

Other lignocellulosic biomasses were tested as potential

xylanase inducers. Addition of corn stover to SS showed

the highest xylanase activity (10.7 IU/mL). When using a

7 L bioreactor, total cell concentration and xylanase

activity obtained in the secondary sludge medium supple-

mented with commercial xylan (2.5 9 109 CFU/mL and

35.5 IU/mL, respectively) and corn stover (3.4 9 109

CFU/mL and 37.8 IU/mL, respectively) were comparative

to a semi-synthetic based medium (5.8 9 109 CFU/mL and

47 IU/mL, respectively). The xylanase activity of B.

pumilus produced in paper sludge is stable at pH 6–9 at

50 �C that offered a potential application of the enzyme for

biobleaching in pulp and paper industry.

Keywords Bacillus pumilus � Xylanase � Pulp and paper

sludge � Lignocellulosic biomass

Introduction

The global forest, paper and packaging industry has been

under pressure over the last years. The financial situation of

the pulp and paper sector was dramatically affected by

economic downturns, weak markets, intense competition,

environmental regulations, and increasing production costs.

The industry must develop new and creative strategies to

reduce costs, improve margins and adapt to new regulations.

Such strategies could be the application of biotechnology to

increase production yields, reduce input cost, energy con-

sumption and pollution generation. One example is the use of

enzymes in the pulp and paper mills to mitigate pitch

deposits [1, 2] or to convert waste streams into valuable

coproducts like C5 sugars or building blockmolecules [3, 4].

In this study, the potential of the xylanase enzyme to generate

interesting coproducts and be part of a value added strategy

pulp and paper mills is investigated.

Xylanases are hydrolytic enzymes well known to cat-

alyze the endohydrolysis of 1,4-b-D-xylosidic linkages in

xylan of hemicellulose. They find applications in various

industrial processes: food (fruit and vegetable processing,

brewing, wine production, baking), animal feed, starch,

textile, bioremediation. One current application of xyla-

nases in pulp and paper is the prebleaching of kraft pulp to

minimize the use of harsh chemicals. Xylanases are also

useful for the production of second generation biofuels.

They are commonly used as accessory enzymes, to sup-

plement multi-enzyme cocktails, in some biofuel produc-

tion processes in bioethanol fermentation. They have a

synergistic effect with cellulases in the hydrolysis of the

lignocellulosic biomass to simple sugars [5–7].

Various microorganisms, including bacteria, fungi, yeasts,

and actinomycetes can producemultiple xylanases [5, 6, 8, 9].

Although fungi are considered as host producers of xylolytic
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enzymes, bacteria like Bacillus sp. have also received atten-

tion since these microorganisms can produce xylanases hav-

ing specific properties. They are cellulase free, neutral or

alkaline, and thermo- and halostable. These properties make

them suitable for applications in the pulp and paper industry

[10–13].Moreover,Bacillus sp. is fast growing and tolerant to

extreme conditions which lead to a high enzyme productivity

even under harsh conditions.

Because of potential operating cost reductions related to

the use of Bacillus-based xylanase, many researches focused

on the utilisation of agricultural and industrial residues as

complex culture media instead of expensive semi-synthetic

culturemedia [12, 14–16]. These studies reported high levels

of xylanase production with complex culture media that

could be comparable to the production of xylanases using

commercial xylan as the carbon source. In addition,

wastewaters and wastewater sludge have been successfully

used as raw materials for Bacillus sp. fermentation at labo-

ratory and pilot scales [17, 18]. Among Bacillus sp. trains, B.

pumilus is recognized as a very good producer of xylanases,

particularly cellulase-free xylanases for the bio-bleaching of

pulps. Enzyme production of B. pumilus using alternative

and cheap raw materials such as agricultural residues has

been previously demonstrated in several studies [10, 19].

The pulp and paper industry generates high amounts of

residual materials from various processes. These materials

must be disposed at low cost and in an environmentally

friendly way [20]. Pulp and paper sludges usually contain

high levels of carbohydrates and water that makes them

suitable for fermentation into valuable products [21]. In

addition, they are continuously available and low cost.

However, to make sludge a stable and effective complex

culture media for microbial production, modification might

be required either by mechanical and chemical pretreat-

ment, nutrient supplementation or solids concentration

adjustment [16].

Hence, this research features the use of pulp and paper

sludge as an alternative culture medium to produce xyla-

nase enzymes from B. pumilus in submerged culture fer-

mentation. Several treatments were investigated in order to

improve B. pumilus growth and xylanase production:

sludge mixing, solids concentration adjustment and addi-

tion of pretreated lignocellulosic biomass as inducer.

Finally, the optimal conditions for enzyme activity (pH and

temperature), were determined.

Materials and Methods

Microorganisms

Bacillus pumilus ATCC 7061 was obtained from the

American Type Culture Collection (ATCC). The strain was

stored at -80 �C and was grown for inocula preparation

following ATCC guidelines and Reddy et al. [22].

Fermentation Media

A defined xylan medium (DXM) was used as a reference

culture medium containing (g/L): peptone (5), yeast extract

(5), K2HPO4 (1), MgSO4 (0.2), and xylan from beechwood

(5). The medium was adjusted to pH 7.5 ± 0.1 and ster-

ilized at 121 �C for 30 min.

Different lignocellulosic biomasses used as alternate

xylan sources were hydrolysed primary sludge (HPS),

untreated (RCS) and pretreated corn stover (PCS), untreated

(RF) and pretreated flax (PF), untreated (RR) and pretreated

reed canary grass (PR). Corn stover residus, flax (Linum

usitatissimum), and reed canary grass feedstocks were sup-

plied by Agrosphère company (QC, Canada), Schweitzer

Mauduit (SWM) international (Manitoba, Canada), Inter-

national Institute for sustainable development (IISD)

(Manitoba, Canada), respectively. Theses biomass residues

were pre-treated by reactive extruder fractionation at con-

ditions of 5 % NaOH, 200 rotations per minute (rpm),

180 �C. This preprocessing allows essentially burst fibers to
release their main components (cellulose, hemicelluloses,

proteins) recruited by lignin. Commercial beechwood-ex-

tracted xylan from Sigma-Aldrich was also used. All bio-

mass was dried and ground to powder before use.

Hemicellulose and xylan content of the biomasses was

determined by method of Suliter et al. [23].

Pulp and paper sludge samples were collected at the

Kruger Crabtree tissue mill (Crabtree, QC, Canada)

wastewater treatment facility. Primary sludge was sampled

from primary clarifiers while secondary (biological) sludge

was sampled from the activated (excess) sludge treatment

system. Sludge properties are presented in Table 1. Sludge

samples were pelletized by centrifugation at 3000g for

5 min at 4 �C (Multifuge X3 FR of Thermo Scientific). The

pellets were diluted to the desired solids concentration with

deionized water. The total solids concentration (TS) of the

final sludge samples was measured according to standard

methods [24]. Sludge samples were stored for a maximum

of 1 week 4 �C to minimize microbial degradation. Before

being used as microbial culture media, the sludge samples

pH was adjusted to pH 7.5 and they were sterilized at

121 �C for 30 min.

Fermentation Procedure

To prepare an inoculum of growing cells (starter culture), a

loopful of B. pumilus from a Tryptic Soya Agar (TSA)

plate was transferred into a 500-mL Erlenmeyer flask

containing 100 mL of sterilized tryptic soya broth (TSB).

The mixture was incubated in a rotary shaker at 250 rpm at
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35 �C for 16–18 h until the cell concentration reached

108 CFU/mL.

Shake flask fermentation was carried out in 1-L Erlen-

meyer flasks containing 200 mL of DXM and sludge

media, namely primary, secondary and mixed sludge. The

inoculum was transferred in the flasks (2 % v/v) and

incubated in a rotary shaker at 250 rpm and 35 �C for 48 h.

Fermentation was conducted in a 7.5-L Labfors III

stirred tank bioreactor (Infors HT, Bottmingen, Switzer-

land) equipped to control fermentation parameters. The Iris

5.2 software allowed automatic set point control and inte-

gration of all reaction parameters. The pH electrode was

calibrated using pH 4 and 7 buffers. The oxygen probe was

calibrated to zero using nitrogen degassed water and 100 %

with air saturated water. The culture medium was added to

the bioreactor vessel and sterilized at 121 �C for 30 min in

a vertical-loading laboratory autoclave. It was then cooled

to 35 �C before being inoculated with 2 % (v/v) starter

culture. The temperature was regulated at 35 �C with a

water circulation pump. The pH was adjusted at 7.5 using

4 N NaOH or 4 N H2SO4 through computer-controlled

peristaltic pumps. Mixing speed (200–500 rpm) and aera-

tion rate (1.5–2 L/min) were varied in order to keep dis-

solved oxygen (DO) values above 30 % saturation, which

ensured the oxygen concentration was above the critical

level. An anti-foam agent was added automatically (0.1 %,

v/v) to control foaming during fermentation. Culture

samples were taken at specific intervals during fermenta-

tion to evaluate the growth and enzyme production of B.

pumilus.

Estimation of Cell and Spore Count

For each experiment, viable cell counts were determined

by the plate count technique [17, 22]. Samples were

sequentially diluted, plated on TSA and incubated at 35 �C
for 24 h. The same method was used for viable spore

counts, but samples were heated at 80 �C in a heating bath

for 10 min and then chilled on ice for 5 min before being

placed on TSA plates and incubated. Counts were reported

as colony forming units (CFU) per mL and expressed as

total cell or spore counts per mL. The relative standard

deviation of cell and spore measurements was respectively

6 and 7 %.

Volumetric Oxygen Transfer Coefficient (kLa)

The volumetric oxygen transfer coefficient kLa was mea-

sured in the bioreactor using the dynamic gassing-out

method [17]. kLa values were determined during fermen-

tation at different sampling times.

Enzyme Activity Assays

Culture samples were centrifuged at 10,000g and 4 �C for

10 min and the supernatants were used directly to measure

xylanase activity. It was determined by measuring the

release of reducing sugars from the enzymatic hydrolysis

of 0.5 % (w/v) beechwood-extracted xylan (Sigma Chem-

icals Co.) at 35 �C and pH 7 (50 mM phosphate buffer) for

15 min. Reducing sugars measurement was conducted

following the dinitrosalicylic acid (DNS) standard method

according to IUPAC [25]. One unit of activity (IU) of

xylanase is defined as the amount of enzyme that releases

1 lmol of xylose as reducing sugar equivalent per minute.

Determination of Optimal pH and Temperature

The optimal pH of xylanase activity was determined by

measuring enzyme activity at 35 �C in the 5.0–11.0 pH

range using different buffers (50 mM): citrate phosphate

(pH 5.0 and 6.0), phosphate (pH 6.5; 7.0; 7.5; 8.0), borate

(pH 9.0; 9.5; 10.0; 11.0). The optimal temperature of

xylanase activity was determined by measuring the enzyme

activity at various temperatures ranging from 10 to 80 �C
at pH 7.0 (50 mM phosphate buffer).

Results and Discussion

Growth and Xylanase Production in Pulp and Paper

Sludge

To investigate the use of pulp and paper sludge as culture

media, shake-flask fermentation of B. pumilus in three

types of sludge, primary, secondary and primary–sec-

ondary mixed sludge, at a solids concentration of 15 g/L

and in DXM were carried out. The evolution of the total

Table 1 Chemical analysis of pulp and paper sludge sample

Properties Primary sludge Secondary sludge

pH 6.5–6.8 5.8–6.2

Total solid (g/L) 40.0 ± 0.5 12.0 ± 0.5

Suspended solid (g/L) 37.0 ± 0.5 8.0 ± 0.5

Dissolved solids (g/L) 0.80 ± 0.02 3.80 ± 0.02

Ashes (g/L) 0.28 ± 0.02 0.080 ± 0.005

Total organics mater (g/L) 3.70 ± 0.02 4.50 ± 0.02

Elemental analysis

Nitrogen (% w/w) 0.33 ± 0.01 4.34 ± 0.02

Carbon (% w/w) 39.44 ± 0.01 42.50 ± 0.01

Hydrogen (% w/w) 5.47 ± 0.01 6.39 ± 0.01

Sulfur (% w/w) LOQ 1.23 ± 0.01

Hemicellulose (% w/w) 11.29 ± 0.01 2.72 ± 0.01

Xylan (% w/w) 9.32 ± 0.01 0.61 ± 0.01
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cell count and the xylanase production of B. pumilus

during a 72 h fermentation is illustrated in Fig. 1. B.

pumilus was able to grow and utilize the nutrient con-

tained in secondary and mix sludge but not in primary

sludge. The trend of B. pumilus growth in secondary and

mixed sludge was similar to the DXM medium (Fig. 1a).

The enzyme activity profiles (Fig. 1b) show that xylanase

production reached a maximum level after 24 h, which

seems to coincide with the exponential growth phase of B.

pumilus. This was observed in previous studies using

agro-industrial residues as substrate for B. pumilus

enzyme production [10, 15, 16]. The composition of the

sludge samples may have influenced Bacillus growth and

enzyme production. Besides high carbohydrate content

(cellulose and hemicellulose), low nitrogen content mea-

sured in primary sludge (Table 1) did not satisfy the

nutrient need of microorganisms. Meanwhile, the sec-

ondary sludge generated from the activated sludge treat-

ment contains primary and secondary metabolites of

microbial endogenous activities such as amino acids or

vitamins and components of dead cells that may stimulate

B. pumilus growth and metabolite production. The com-

parative data on maximum cell concentration, maximum

specific growth rate, and maximum xylanase activity in

all media are summarized in Table 2. Secondary sludge

was the best sludge-based medium for B. pumilus growth

with the highest cell concentration at 3.6 9 108 CFU/mL,

followed by 1.1 9 108 CFU/mL in mixed sludge, which

are less than the cell concentration in DXM

(1.2 9 109 CFU/mL). In spite of the lower maximum

specific growth rate in mixed sludge (0.25 h-1) than in

secondary sludge (0.29 h-1), xylanase activity in mixed

sludge (3.8 IU/mL) was about—eight times higher than in

secondary sludge (0.5 IU/mL). It could be attributed to

xylanase induction by xylan found in primary sludge,

which is part of the mixed sludge. Bacillus required that

xylan be added as inducer to the substrate for enzyme

synthesis as proposed by [12, 26].
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Optimising the Mixed Sludge Medium

for B. pumilus Growth and Xylanase Production

Mixed sludge supported well the growth and xylanase

production of B. pumilus because of its xylan content,

originating from the primary sludge, and the nutrients from

the organic matter and cell debris of secondary sludge. For

this reason, it was proposed to improve the xylan and

nutrient content of mixed sludge with different proportions

of primary and secondary sludge at different solids con-

centrations. A set of experiments was conducted at dif-

ferent primary and secondary sludge ratios, which in turn

resulted in different solids concentration as shown in

Table 3. Increasing primary sludge proportion did not

support B. pumilus growth or xylanase production. As

explained previously, primary sludge was effective at

inducing xylanase production, but it was not adequate for

microbial growth due to its lack of nitrogen. Meanwhile,

increasing the secondary sludge proportion, to bring more

nitrogen and other nutrients, improved the microbial

growth as well as xylanase production. However, the

growth of B. pumilus decreased gradually followed

increase of solids concentration (Table 3). According to

previous study, high solids concentration may cause mass

transfer limitations during fermentation. Therefore, solids

concentration at 15 g/L was used for further studies.

Table 2 B. pumilus fermentation in shake flasks

Medium Initial total cell

count (CFU/mL)

Total cell count after

48 h (CFU/mL)

Maximum specific

growth rate (h-1)

Maximum xylanase

activity (IU/mL)

DXM 2.0 9 106 1.2 9 109 0.35 19.80 ± 0.09

Primary sludge 2.0 9 106 2.0 9 102 – –

Secondary sludge 2.0 9 106 3.6 9 108 0.29 0.50 ± 0.01

Mix sludge 2.0 9 106 1.1 9 108 0.25 3.80 ± 0.07

Table 3 Total cell count and

xylanase activity at different

mix ratios

TS (g/L) Mix ratio (w/w) Total cell count (CFU/mL) Xylanase activity (IU/mL)

15 2PS:1SS 1.00 9 106 0.22 ± 0.03

15 1SS:1PS 7.10 9 107 2.70 ± 0.04

15 2SS:1PS 2.06 9 108 3.80 ± 0.03

20 3SS:1PS 1.02 9 108 3.80 ± 0.06

25 4SS:1PS 9.20 9 107 3.00 ± 0.04
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Fig. 2 Xylanase activity in

pulp and paper secondary

sludge (SS) based medium

supplemented with

lignocellulosic residues;

hydrolyzed primary sludge

(HPS), untreated and extrusion-

pretreated corn stover (RCS and

PCS), untreated and extrusion-

pretreated flax (RF and PF), and

untreated and extrusion-

pretreated reed canary grass
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beechwood-extracted xylan

(SSX)
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Effect of Xylan Sources on Xylanase Production

As shown by previous results, adding primary sludge to

secondary sludge improves the xylanase production of B.

pumilus. In consequence, it was necessary to verify if the

xylan content of the primary sludge would trigger the cell

growth and the xylanase production of B. pumilus. A set of

experiments was conducted in which lignocellulosic

residues were supplemented with secondary sludge. Dif-

ferent lignocellulosic biomasses were used as alternate

xylan sources including hydrolysed primary sludge,

untreated and pretreated corn stover, untreated and pre-

treated flax, untreated and pretreated reed canary grass

those xylan contents are 17.03, 20.25, 22.19, 10.89, 13.17,

10.37 and 16.57 %, respectively. The xylanase activities

achieved during B. pumilus fermentation of secondary
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production (c) during bioreactor
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sludge supplemented with these different lignocellulosic

residues are presented in Fig. 2. Higher xylanase activities

were obtained in all the sludge supplemented with these

residues than that in secondary sludge, thus indicating the

presence of xylan in these residues could induce—xylanase

production in B. pumilus. The addition of residual corn

stover gave the highest xylanase activity at 10.7 IU/mL,

followed by pre-treated corn stover (8.0 IU/mL). These

highest activities were observed from 24 to 36 h of fer-

mentation. It is also observed in Fig. 2 that the supple-

mentation of untreated corn stoves has more impact on

xylanase activities than pretreated ones. In the present case,

the pretreatment not only removes lignin in biomass but

also reduces about 70 % of the hemicelluloses contained in

corn stove, leading to the reduction of intact xylan in the

pretreated residues. It may explain why higher xylanase

activities were observed when using untreated corn stover

as sludge culture medium supplements. Even untreated

corn stover gave xylanase activity (10.7 IU/mL) approxi-

mately to commercial xylan (9.8 IU/mL). Thus corn stover

could be an alternative to commercial xylan to induce

xylanase production in B. pumilus using complex and
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inexpensive culture medium such as secondary sludge,

which could offset the cost of enzyme production. Conse-

quently, untreated corn stover powder and beechwood-ex-

tracted xylan were chosen as xylanase substrates for

subsequent experiments in the bioreactor. With controlled

pH, agitation and aeration, it was expected to obtain higher

total cell count and xylanase activity.

Bioreactor Production of Xylanase

Batch fermentations of B. pumilus in DXM, xylan-added

secondary sludge media supplemented with xylan (SSX)

and corn stover (SSC) were conducted into a 7.5 L biore-

actor with a work volume of 5 L. Total solids concentration

(TS) were adjusted to 15 g/L. The evolution of the volu-

metric mass transfer coefficient (kLa), oxygen uptake rate

(OUR), and oxygen transfer rate (OTR) along with the total

cell count, spore count, and xylanase activity during 60 h

fermentation are illustrated in Figs. 3, 4 and 5 for DXM,

SSX and SSC, respectively. The profiles were similar from

one medium to another, except for the spore production

that was triggered earlier in SSX and SSC media. The

highest value of kLa occurred at 12 h on DXM and at 15 h

on SSX and SSC and then decreased continuously to the
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c total cell and spore counts,
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end of fermentation (Figs. 3b, 4b, 5b, respectively). The

decline of this parameter could be explained by a decrease

in oxygen demand of B. pumilus when substrate exhaustion

occurred [17]. The exponential phase of B. pumilus in

DXM occurred during the first 9–10 h in DXM and

18–20 h in both SSX and SSC. The production of spores

was observed sooner in SSX and SSC (at 5 h of fermen-

tation) than DXM (at 9 h of fermentation). Some sludge

components may trigger spore production earlier compared

to a synthetic or semi-synthetic culture medium. Xylanase

activities in the three culture media show a maximum

enzyme level at 24 h for SSX and DXM and at 30 h for

SSC when the total cell count cell concentration was

maximal and decreased after 36 h of fermentation when

sporulation was at its maximum in all media.

Table 4 summarizes the maximum growth and enzyme

production of B. pumilus fermentation in the bioreactor.

Compared to results obtained in shake flask fermentation

(Table 1), the growth and xylanase production of B. pumilus

were found to be much higher in the bioreactor in both

synthetic (DXM) and sludge-based (SSX) media. It was

attributed to a better mass transfer in the bioreactor due to the

control of aeration and mixing. High growth and enzymatic

activity were achieved in both SSX and SSC media. The

highest values of kLa and specific growth rate calculated in

both SSX and SSC are 56 and 0.49 h-1, respectively. These

values were higher inDXMwith 68 h-1 for kLa and 0.69 h-1

for themaximum specific growth rate. Lower values of kLa in

sludge media compared to a synthetic soluble medium are

attributed to the complexity of the media in terms of nutrient

accessibility and rheological properties [27–29]. Moreover,

the better growth and xylanase activity observed in SSC

(3.4 9 109 CFU/mL of cell count and 37.8 IU/mL of xyla-

nase activity) compared to that in SSX (2.5 9 109 CFU/mL

of cell count and 35.5 IU/mL of xylanase activity) demon-

strated that corn stover is a good alternative to the costly

commercial xylan used to induce xylanase production.

Xylanase Activity at Different pH and Temperature

The impact of the culture medium on xylanase properties

has been studies. It is expected that complex culture media

such as wastewater sludge can improve enzyme tolerance

to pH and temperature variation. The fermented broths of

DXM, SSX and SSC were used to determine the pH and

temperature optimum for their xylanase activities. There

are no xylanase activity was observed at pH 5 and 10 for all

three media (DXM, SSX and SSC) and the enzyme activ-

ities were observed in a pH range from 6 to 9 as shown in

Fig. 6a. The results showed that, xylanase produced from

sludge had highest activity at pH 6–7 and slightly reduce at

higher pH, these result accorded to the optimal pH for B.

pumilus is 7–7.5. The alkalothermophilic properties of

xylanase produced by B. pumilus were reported in previous

studies [30, 31]. The optimal temperature for xylanase

activity was 50 �C (Fig. 6b) and the enzyme activity in

range temperature from 30 to 55 �C. These results suggest

Table 4 Performance of

bioreactor B. pumilus

fermentation

Parameters DXM SSX SSC

Initial total viable cell count (CFU/mL) 2.0 9 106 2.0 9 106 2.0 9 106

Final total viable cell count (CFU/mL) 5.8 9 109 2.5 9 109 3.4 9 109

Final total viable spore count (CFU/mL) 3.4 9 109 9 9 108 9.4 9 108

Maximum specific growth rate (h-1) 0.69 0.49 0.49

Maximum xylanase activity (IU/mL) 47.0 ± 0.4 35.5 ± 0.3 37.8 ± 0.3

Maximum kLa (h-1) 68 56 56

pH
2 4 6 8 10 12

Xy
la

na
se

 a
ct

iv
ity

 IU
/m

l

0

10

20

30

40

50

Temperatrure (°C)
0 20 40 60 80 100

Xy
la

na
se

 a
ct

iv
ity

 (I
U

/m
l)

0

20

40

60

80

100

(a)

(b)

DXM; SSX; SSC

Fig. 6 Effect of a pH and b temperature on xylanase activity

Waste Biomass Valor (2015) 6:1103–1113 1111

123



that sludge based media have no influence on the pH and

temperature tolerance of xylanase produced by B. pumilus

as expected. In addition, B. pumilus xylanase produced

from sludge was determined to be almost cellulase free in

our other results (data not shown), which could be inter-

esting for the use of these enzymes in the pulp and paper

industry.

Conclusions

Pulp and paper sludge can be used as a complex and

inexpensive culture media for the xylanase production of

B. pumilus. It is recommended to mix primary and sec-

ondary sludge at ratio of 1:2 at 15 g/L TS to get high cell

counts and xylanase activity. Supplementation of pulp and

paper sludge media with lignocellulosic residues such as

raw and ground corn stover increases xylanase activity.

Compared to commercial xylan, untreated powder corn

stover could be a cost effective inducer for xylanase pro-

duction. A fermentation time of 30 h is proposed to recover

the enzyme from the fermented broth or even use the broth

as accessory enzymes for bioethanol production. In fact, it

would be interesting to verify if the fermented broth can be

used as a supplement for multi-enzyme cocktails in the

saccharification process for bioethanol production.
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