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Production of thermostable xylanase by thermophilic fungal strains isolated from maize silage

Producción de xilanasa termoestable por cepas de hongos termófilos aisladas de ensilaje de maíz

Armando Robledoa, Cristóbal N. Aguilar a, Ruth E. Belmares-Cerdaa, Adriana C. Flores-Gallegosa, Juan C. Contreras-

Esquivela, Julio C. Montañezb and Solange I. Mussattoc*
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Saltillo, Coahuila 25001, Mexico; bDepartment of Chemical Engineering, School of Chemistry, Universidad Autónoma de Coahuila,
Blvd. V. Carranza e Ing. José Cárdenas Valdés, Saltillo, Coahuila 25001, Mexico; cDepartment of Biotechnology, Delft University of
Technology, Julianalaan 67, 2628 BC, Delft, The Netherlands

(Received 17 May 2015; final version received 4 October 2015)

The search for microorganisms able to produce thermostable xylanases with high yield and characteristics desired for industrial applications
has been strongly encouraged since such enzymes are widely used in large-scale processes. In the present study, thermophilic fungal strains
able to grow at high temperatures (≥55 °C) were isolated from maize silage. The strains were molecularly identified and used for the
production of extracellular xylanase by solid-state fermentation using corn cobs as support-substrate material. Species from the genera
Rhizomucor and Aspergillus were identified among the isolated strains and these species demonstrated good ability to produce xylanase
under solid-state fermentation conditions. Maximal values of enzymatic activity (824 U/g) and productivity (8.59 U/g.h) were obtained with
Rh. pusillus SOC-4A (values per g dry weight of fermented medium). The xylanase produced by this fungus presented thermal stability at
75 °C, with maximum activity at 70 °C and pH 6.0, revealing, therefore, great potential for application in different areas.

Keywords: maize silage; thermophilic fungi; thermostable enzymes; molecular identification; solid-state fermentation; xylanase

La búsqueda de microorganismos capaces de producir xilanasas termoestables con alto rendimiento y características deseadas para
aplicaciones industriales ha sido fuertemente alentada ya que tales enzimas son ampliamente utilizadas en procesos de gran escala. En el
presente estudio, cepas de hongos termófilos capaces de crecer en elevadas temperaturas (≥55 °C), fueron aisladas a partir de ensilaje de
maíz. Las cepas fueron identificadas molecularmente y utilizadas para la producción de xilanasa extracelular por fermentación en estado
sólido usando mazorcas de maíz como material de soporte-sustrato. Especies de los géneros Aspergillus y Rhizomucor fueron identificadas
entre las cepas aisladas y demostraron una buena capacidad de producir xilanasa bajo condiciones de fermentación de estado sólido. Los
valores máximos de actividad enzimática (824 U/g) y productividad (8,59 U/g.h) fueron obtenidos con Rh. pusillus SOC-4A (valores son
por g en peso seco de medio fermentado). La xilanasa producida por este hongo presentó estabilidad térmica a 75 ºC, con actividad máxima
a 70 ºC y pH 6,0; revelando, por lo tanto, un gran potencial para aplicación en diferentes áreas, incluyendo en las industrias de alimentos,
papel y celulosa, biocombustibles y textiles.

Palabras clave: ensilaje de maíz; hongos termófilos; enzimas termoestables; identificación molecular; fermentación en estado sólido;
xilanasa

Introduction

Xylanases (EC 3.2.1.8) are enzymes with the ability to hydrolyze

xylan, a polysaccharide constituted by xylose units linked through

β-(1→4) bonds usually found as the most abundant component in

hemicellulose structures (Carvalho, Mussatto, Candido, &

Almeida e Silva, 2006; Saha, 2003). Xylanases have extensive

applications in different industrial sectors. In the food industry, for

example, they are used for the clarification of fruit juices (Dhiman,

Garg, Sharma, & Mahajan, 2011), to improve the texture, loaf

volume, and shelf-life of baked products (Bajaj & Manhas, 2012),

and to reduce the viscosity and filtration rate of the brewery mash

(Qiu et al., 2010). In the pulp and paper industry, xylanases are

used to increase the brightness of the pulp in order to produce

papers of superior quality. This application is also advantageous

from an environmental point of view because it avoids or reduces

the use of chemicals such as chlorine (Li et al., 2010; Saleem,

Tabassum, Yasmin, & Imran, 2009). Xylanases are also employed

to convert xylan structures present in lignocellulosic biomass

wastes to xylose sugar, which can be further used as carbon source

for the production of a variety of valuable compounds such as

xylitol (Mussatto & Roberto, 2008) and ethanol (Silva, Mussatto,

Roberto, & Teixeira, 2012), among others.

In some cases, the use of xylanase produced by mesophilic

organisms is limited as these enzymes generally undergo dena-

turation at temperatures higher than 55 °C. As a consequence,

the efficiency of hydrolysis is decreased and higher enzyme

loadings are required to overcome this problem, increasing the

costs of the process. The use of thermostable enzymes able to

carry out hydrolysis at high temperatures is needed for these

kinds of applications. One example of industrial application for

thermostable xylanase enzymes is in the pulp and paper industry.

For the pulp production, wood is treated at high temperature and

basic pH. As a consequence, the enzymatic procedure requires

enzymes with high thermostability and active in a broad pH

range. Treatment with xylanase at elevated temperatures disrupts

the cell wall structure, facilitating lignin removal during the

bleaching stages (Georis et al., 2000).

The optimum temperature for activity of most xylanases is

around 50–60 °C only, with a half-life of about 1 h at 55 °C

(Georis et al., 2000). In the past decade, several microorganisms
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including fungi and bacteria have been reported to produce xyla-

nases with thermostable properties, active at temperatures between

50 and 80 °C (Haki & Rakshit, 2003). However, taking into

account the amount of enzymes required for large-scale applica-

tions, the search for microorganisms able to produce thermostable

xylanases with high yield and characteristics desired for industrial

applications is still being pursued. Some thermophilic fungi able to

produce xylan-degrading enzymes have been isolated from soil

and plant materials. Maize silage is the main source of forage for

lactating dairy cows in Europe and North America (Cavallarin,

Tabacco, Antoniazzi, & Borreani, 2011). To the best of our knowl-

edge, this material has been understudied for the isolation of

xylanase producers’ fungal strains.

Agricultural, agro-industrial, and forest residues are usually

rich in xylan, which can act as a natural inducer of xylanases by

microorganisms. The reuse of such residues has been strongly

encouraged in the past years for economic and environmental

reasons, in order to minimize pollution and generate compounds

of industrial interest from available and low-cost resources. Corn

cobs, a broad by-product generated from the corn harvest, are

composed of approximately 30% (w/w) xylan (Garrote,

Domínguez, & Parajó, 2002) and can be then considered as a

material of interest for use on the production of xylanases. The

enzyme production by fungi can be done by submerged or solid-

state fermentation (SSF) systems. However, in recent years, SSF

has received more interest because this process may lead to

higher yields and productivities or better product characteristics

than submerged fermentations. In addition, capital and operating

costs are also lower than in submerged fermentation (Mussatto,

Aguiar, Marinha, Jorge, & Ferreira, 2015), and the downstream

step for separation of the produced compound is facilitated due

to the low water volume used for fermentation (Martins et al.,

2011; Mussatto, Ballesteros, Martins, & Teixeira, 2012).

In the present study, efforts were made in order to isolate new

thermophilic fungal strains with the ability to produce thermostable

xylanase. The fungal strains were isolated from maize silage taking

into account that this material has been little explored for this

purpose. The selected strains were molecularly identified and used

in a subsequent stage for the production of extracellular xylanase by

SSF using corn cobs as support-substrate material. Finally, the

thermostability of the produced enzymes as well as the pH and

temperature where the activity is maximized were determined.

Material and methods

Isolation of thermophilic fungal strains

Maize silage was collected from a local farm in the province of

Chihuahua, México. Soon after collection, the samples were cooled

in ice and transported to the laboratory within 6 h. For the experi-

ments, 1 g of maize silage was dissolved in 100 mL of sterilized

distilled water, and the obtained solution was diluted up to 104

times. Afterwards, 0.1 mL of the diluted solution was added to

potato dextrose agar (PDA) plates, which were incubated at 55 ºC

for 5 days. Fungi were isolated from each plate and continuously

subcultured on new fresh PDA medium until pure isolates were

obtained. Stock cultures were maintained in PDA medium at 4 ºC.

Selection of the xylanase producers’ fungal strains

(plate-screening method)

In order to select the xylanase producers’ fungal strains, cultures

of the previously isolated fungi were transferred to a solid media

containing birch wood xylan 0.5% as carbon source, yeast

extract 0.1% as nitrogen source, Congo red dye 0.5% as chro-

mogenic reagent, and agar 1.5%. The inoculated media were

incubated at 55 °C for 5 days. Then, the xylanase enzyme

activity was determined by analyzing the clear zone formed

around the fungal colony as a result of the reaction between

the enzymes secreted by the fungi and the chromogenic sub-

stances present in the solid medium (Yoon et al., 2007).

Identification of the isolates

The strains were identified by rDNA 18S amplification, which

was carried out by obtaining the genomic DNA and amplifying

an 18S rDNA fragment corresponding to 500 bp approximately.

High-molecular-weight DNA was extracted using the protocol

described by Barth and Gaillardin (1996), and the primer pairs

PN3 (5ʹ-CCGTTGGTGAACCAGCGGAGGGATC-3ʹ) and

PN10 (5ʹ-TCCGCTTATTGATATGCTTAAG-3ʹ) were used to

amplify a fragment of 18S rDNA. The PCR reaction system

consisted of 0.5 µL of 1 U/µL Taq DNA polymerase, 2.5 µL

of 10X buffer stock solution, 0.5 µL of 10 mM deoxynucleotides

(dNTP mixture), 2.0 µL of 10 µM oligonucleotide, 2 µL tem-

plate DNA, and sterile distilled water to obtain 25.0 µL as the

final volume. Amplification was done in a PCR Thermal Cycler

Px2 (Thermo Electron) with the following program: initial dena-

turation at 95 °C for 10 min; 35 cycles (each one of them at 94 °

C for 1 min), annealing temperature of 54 °C, 72 °C for 1 min,

and final extension at 72 °C for 20 min. PCR products were

visualized on 1.5% (w/v) agarose gel stained with ethidium

bromide. PCR amplicons were sequenced using Big Dye® ter-

minator cycle sequencing kit, in the 3730XL DNA Automatic

Sequencer. The sequences obtained were compared with data

available in GenBank database using the Mega BLAST network

service of the National Centre for Biotechnology Information

(NCBI) (Figure 1).

Corn cobs characterization and xylanase production by

solid-state fermentation (SSF)

Corn cobs samples were supplied by Instituto del Maíz,

Universidad Autónoma Agraria Antonio Narro (Saltillo,

Coahuila, México). As soon as obtained, the material was milled

to particle sizes between 0.7 and 1.4 mm, and was characterized

to determine the water absorption index (WAI) (Anderson, 1982)

and critical humidity point (CHP) (Oriol, Schettino, Viniegra-

González, & Raimbault, 1988). To be used as a solid substrate

during fermentation, milled corn cob was boiled for 10 min,

washed three times with distilled water, dried at 60 °C to con-

stant weight, and autoclaved at 121 °C for 20 min, as reported by

Mussatto, Aguilar, Rodrigues, and Teixeira (2009a).

The inoculum was prepared by activating the selected strains

in slants of potato dextrose agar medium for 4 days at 30 °C.

Subsequently, spores were recovered by washing the cultures

with sterile aqueous solution of Tween 80 (0.01% v/v). Spore

concentration was determined using a Neubauer chamber.

For the SSF experiments, 3.0 g of sterilized corn cobs were

moistened with 11.0 mL of minimum Czapek-Dox medium

(composed of 7.65 g/L NaNO3, 3.04 g/L KH2PO4, 1.52 g/L

MgSO4.7H2O and 1.52 g/L KCl, with the final pH adjusted to

6.0 before sterilization) and the moistened material was trans-

ferred to a Petri dish. Then, each dish was inoculated with 1×107

spores per gram dry corn cob, and incubated at 55 °C for 5 days.
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For the enzyme recovery, 50 mL of sodium phosphate buffer

(0.1 M, pH 7.0) was added to the fermented material and the

mixture was homogenized during 30 min at 166 g and 30 °C.

The sample was then centrifuged (3327 g, 15 min, and 10 °C;

Sorball, Primo R Biofuge Centrifugation, Thermo, USA) to

separate the enzyme extract, which was further used for the

xylanase activity determination.

Xylanase activity determination in the extracts produced

by SSF

Xylanase activity in the extracts produced by SSF was deter-

mined by mixing 0.05 mL of extract with 0.05 mL of birch wood

xylan 1.0% (w/v) prepared in 50 mM acetate buffer pH 6.0. The

enzyme-substrate mixture was incubated at 50 °C for 30 min.

The released reducing sugars were quantified by the 3,5-dinitro-

salicylic acid (DNS) method (Miller, 1959) using xylose as

standard. One unit of xylanase was defined as the amount of

enzyme that liberates 1 µmol of xylose equivalent per minute

under the assay conditions.

Effect of pH and temperature on xylanase activity

To evaluate the effect of the pH on xylanase activity, enzyme

solutions at different pH values (4–10) were prepared using

0.05 M acetate buffer, 0.05 M Tris–HCl buffer or 0.05 M gly-

cine-NaOH buffer. For the experiments, 0.3 mL of xylanase

solution was added to 0.7 mL of 1% birch wood xylan and the

mixture was incubated at 55 °C for 5 min, following which the

reaction was stopped in ice-water bath and the enzyme activity

was determined under standard assay conditions. To evaluate the

effect of the temperature on enzyme activity, the crude enzyme

extract obtained by SSF was incubated at different temperatures

(55–80 °C) for 5 min. The reaction was then stopped in ice-water

bath and the enzyme activity was determined under standard

assay conditions. To determine the thermal stability of the

enzyme, the crude extract produced by SSF was incubated at

different time intervals (0–60 min) at fixed temperatures (65–85

°C).

Data analyses

All the experiments and analyses were performed in triplicate

and average values are reported. Differences among mean values

were identified by the Tukey’s range test (p ≤ 0.05) using the

software Minitab®.

Results and discussion

Isolation and identification of xylanase producers’

thermophilic fungal strains

Twenty-one fungal strains were initially isolated from maize

silage. Xylanase producer strains were selected using the plate-

screening method, which consists in the detection of clear zones

formed as a consequence of the enzymatic activity that hydro-

lyses the Congo red dye substrate (Yoon et al., 2007). Among

the 21 isolated strains, seven were able to growth on xylan-

Congo red plates; however, two of them were unable to promote

discoloration of the agar medium, probably because they did not

secrete the enzyme out of the cell. The other five strains, referred

to as SOC-4A, SOC-4B, SOC-4 C, SOC-4D, and SOC-5A, were

then selected at this stage. When compared with data available in

GenBank database, the sequence identified as SOC-4A (Access

number KC711060), SOC-4B (Access number KC711061), and

SOC-4 C (Access number KC711062) showed 100% homology

with the sequence available for Rhizomucor pusillus 1341; while

the sequence SOC-4D (Access number KC711063) showed 98%

homology with that for this same fungal strain. On the other

hand, the sequence identified as SOC-5A (Access number

KC711064) presented 99% homology with the sequence avail-

able for Aspergillus fumigatus BF18.

Corn cobs characterization for use as support-substrate

in SSF

In SSF processes, the microorganisms are grown on solid parti-

cles in the absence (or near absence) of free water. However, the

support-substrate material must present enough moisture to allow

the growth and metabolism of the microorganism (Martins et al.,

2011; Mussatto et al., 2012). Therefore, determining the WAI

and CHP of the material that is desired for use as support-

substrate is very important because these properties are directly

related to the capacity of the material to absorb water and, as a

consequence, to be invaded and colonized by the microorgan-

isms. In brief, the WAI and CHP values allow estimating if the

material presents characteristics suitable for use as support-sub-

strate in SSF systems (Mussatto, Aguilar, Rodrigues, & Teixeira,

2009b; Mussatto et al., 2009a).

WAI reflects the ability of the material to absorb water, and

depends on the availability of hydrophilic groups to be bonded

with water molecules as well as on the gel-forming capacity of

the macromolecules (Mussatto et al., 2009a). Materials with high

WAI are preferred for use in SSF systems because they facilitate

Figure 1. 18S rDNA strains fragment. CN, negative control; 1, 2, 3, 4,
and 5 correspond to the strains SOC-4A, SOC-4B, SOC-4C, SOC-4D
and SOC-5A, respectively; MM, molecular marker 1000 bp. PCR pro-
ducts were visualized on 1.5% (w/v) agarose gel stained with ethidium
bromide.

Figura 1. 18S rDNA fragmento de cepas. CN, control negativo; 1, 2, 3, 4,
and 5 corresponden a las cepas SOC-4A, SOC-4B, SOC-4C, 4D y SOC-
SOC-5A, respectivamente; MM, marcador molecular de 1.000 bp. Los
productos de PCR fueron visualizados en 1,5% (w/v) gel de agarosa
teñido con bromuro de etidio.

304 A. Robledo et al.



the species growth and development (Mussatto et al., 2009b). In

the present study, the corn cobs sample presented WAI value of

2.55 g gel per g dry material, which is similar to that reported by

other authors for this same substrate (Buenrostro-Figueroa et al.,

2014; Mussatto et al., 2009a) as well as for other substrates

already used in SSF processes, including cork oak (Mussatto

et al., 2009a), wheat bran, and pecan nutshell (Orzua et al.,

2009).

CHP represents the quantity of water linked to the support

material, which cannot be used by the microorganism. Therefore,

materials with low CHP values are desired (Mussatto et al.,

2009b; Robledo et al., 2008). The CHP value obtained for corn

cobs in the present study was 32.6%. This value is within the

range of values acceptable for use in SSF systems. A maximum

limit of 40% CHP was recommended for Aspergillus niger

strains grow in solid-state cultures (Moo-Young, Moreira, &

Tengerdy, 1983). The value of CHP found for corn cobs was

similar to those found for other materials such as lemon peel and

apple pomace (Orzua et al., 2009).

Finally, the results of WAI and CHP obtained for corn cobs

reveal that this material presents characteristics suitable for use

as support-substrate in SSF processes.

Xylanase production by the isolated fungal strains under

SSF conditions

In this step of the study, the ability of the five fungal strains

previously isolated from the plate-screening method (SOC-4A,

SOC-4B, SOC-4 C, SOC-4D, and SOC-5A) to produce xylanase

under SSF conditions was evaluated. All the strains were able to

grow and synthesize xylanase when cultivated in corn cobs

under SSF conditions. The fermentation runs were carried out

during 120 h, but the highest production of xylanase was

observed at 96 h of fermentation. Figure 2 shows the relative

xylanase activity recorded for all the strains at this time.

Rhizomucor pusillus SOC-4A provided the highest value of

xylanase activity, which was not different at p < 0.05 when

compared with the value achieved with Rh. pusillus SOC-4B.

Aspergillus fumigatus SOC-5A presented also a good ability to

produce xylanase, providing an enzyme activity value similar to

that observed for Rh. pusillus SOC-4B.

Since fungi from different species presented good ability to

produce xylanase, a kinetic study was then carried out with the

strains Rh. pusillus SOC-4A and A. fumigatus SOC-5A in order

to better understand and compare the enzyme production by

these fungi. As can be seen in Figure 3, the highest xylanase

production (824 U/g) by Rh. pusillus SOC-4A occurred at 96 h

of fermentation. Aspergillus fumigatus SOC-5A produced max-

imum enzyme activity (488 U/g) at 72 h, but this maximum

value was 40% lower than that obtained with Rh. pusillus SOC-

4A. In addition, the xylanase production by A. fumigatus SOC-

5A occurred with lower productivity (6.78 U/g.h) when com-

pared with the production by Rh. pusillus (8.59 U/g.h). These

results reveal that Rh. pusillus SOC-4A was a more efficient

xylanase producer strain than A. fumigatus SOC-5A, since it

was able to produce more enzymes in a shorter fermentation

time. In terms of stability, the xylanase produced by both fungi

presented high thermostability, since the enzyme activity

decreased only 2.0% and 6.0% for Rh. pusillus SOC-4A and A.

fumigatus SOC-5A, respectively, after 15 min at 75 °C. Taking

into account the high thermal stability of the xylanase produced,

and mainly the high enzyme production and productivity, Rh.

pusillus SOC-4A was selected as the best xylanase producer

thermophilic fungal strain isolated in the present study.

The xylanase activity values (824 U/g, 8.59 U/g.h) obtained

with Rh. pusillus SOC-4A can be well compared to values

reported in other SSF studies on the production of this enzyme

by different microorganisms (Kapilan & Arasaratnam, 2011;

Sadaf & Khare, 2014). It is important to emphasize that the

results of the presented study were obtained without optimizing

the fermentation conditions and, therefore, it is expected that

they can be further improved. Selecting the best operational
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Figure 2. Relative xylanase activity (%) for the five isolated fungal
strains cultivated for 96 h in corn cobs under solid-state fermentation
conditions. Each value corresponds to a mean of 3 experiments. Different
letters in each column means that differences between mean values are
significant at p < 0.05. Relative activity was calculated using the xyla-
nase activity of the strain Rhizomucor pusillus SOC-4A as reference.

Figura 2. Actividad relativa de xilanasa (%) para las cinco cepas fúngicas
aisladas cultivadas durante 96 h en mazorcas de maíz en condiciones de
fermentación en estado sólido. Cada valor corresponde a una media de 3
experimentos. Letras diferentes en cada columna significa que las difer-
encias entre los valores medios son significativas para p < 0,05. La
actividad enzimática relativa fue calculada teniendo como referencia a
la actividad de xilanasa de la cepa Rhizomucor pusillus SOC-4A.
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Figure 3. Kinetic profile of the xylanase activity produced by
Rhizomucor pusillus SOC-4A and Aspergillus fumigatus SOC-5A culti-
vated under solid-state fermentation conditions using corn cobs as sup-
port-substrate.

Figura 3. Perfil cinético de la actividad de xilanasa producida por
Rhizomucor pusillus SOC-4A y Aspergillus fumigatus SOC-5A cultiva-
dos bajo condiciones de fermentación en estado sólido utilizando mazor-
cas de maíz como soporte-sustrato.
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conditions for use during the fermentation process is fundamen-

tal to achieving maximum product formation. These conditions

can be selected by using statistical tools such as experimental

designs and surface response methodology, for example

(Mussatto & Roberto, 2008; Mussatto et al., 2013).

Higher values of xylanase activity have been reported when

using submerged fermentation systems (Bakri, Masson, &

Thonart, 2010; Bokhari, Rajoka, Javaid, & Latif, 2010).

Nevertheless, the use of SSF systems presents important advan-

tages from the downstream point of view. Since the volume of

medium used in SSF is low, the enzyme can be more easily

recovered from this medium than from the large volumes of

liquid medium used in submerged fermentation systems

(Martins et al., 2011; Mussatto et al., 2012). This fact may

have important influence in the practical and economic aspects

of the global process (Mussatto et al., 2015).

Another interesting aspect presented in Figure 3 is that

the xylanase production by both fungi, Rh. pusillus SOC-4A

and A. fumigatus SOC-5A, decreased after attained the max-

imum value. Such behavior can be related to a possible

hydrolysis of the enzyme caused by proteases secreted by

the microorganisms. Some studies report that Rh. pusillus

(Macchione, Merheb, Gomes, & Da Silva, 2008; Yegin,

Fernández-Lahore, Guvenc, & Goksungur, 2010) and A.

fumigatus (Neustadt et al., 2009; Oguma et al., 2011) are

protease producer strains.

Effect of pH and temperature on activity of the xylanase

produced by Rhizomucor pusillus

It is well known that pH and temperature are two important

process variables affecting the enzyme activity. Therefore, this

part of the study consisted in establishing the conditions of these

variables in which the activity of the xylanase produced by Rh.

pusillus SOC-4A can be maximized. A pH range varying from 4

to 10 and temperature range varying between 55 and 80 º C were

studied. The results obtained in these experiments indicated that

the xylanase was highly active in a range of pH between 5.0 and

7.0, with maximum value at pH 6.0 (Figure 4). A pronounced

drop in the xylanase activity was observed above pH 7.0. Similar

pH range was reported for the xylanase produced by Rh. miehei

(Fawzi, 2010), while different results were reported for other

fungi. For example, xylanase purified from Arthrobacter sp.

MTCC 5214 presented maximum activity at higher and narrower

pH range (between 7.0 and 8.0) (Khandeparkar & Bhosle, 2006),

whereas the xylanase produced by Thermomyces lanuginosus

presented maximum activity in a wider pH range, within 5.5–

10.0 (Singh, Pillay, & Prior, 2000).

Regarding the temperature, the xylanase produced by Rh.

pusillus SOC-4A presented maximum activity between 65 and

75 °C, with optimum value at 70 °C (Figure 5). Fawzi (2010)

reported an optimal temperature of 75 °C for xylanase produced

by Rh. miehei. In the present study, when the temperature

reached 75 °C, the relative xylanase activity was decreased to

77% of the maximum value achieved at 70 °C.

Conclusions

New thermophilic fungal strains with the ability to produce

thermostable xylanase were isolated from maize silage.

Species from the genera Rhizomucor and Aspergillus were

identified among the selected strains and demonstrated good

ability to produce xylanase under solid-state fermentation

conditions using corn cobs as support-substrate. The best

results of activity and productivity were obtained for the

thermostable xylanase produced by the isolated strain

Rhizomucor pusillus SOC-4A. The enzyme produced by

this fungus presented high activity within a pH range from

5.0 to 7.0, and temperature from 65 to 75 °C, with maximum

value at pH 6.0 and 70 °C. This enzyme showed also good

thermal stability since the activity decreased only 2.0% after

15 min at 75 °C. These characteristics suggest that the

xylanase produced by the new isolated fungus Rh. pusillus

SOC-4A has potential for applications in different areas,

including in the pulp and paper, food, biofuel, and textile

industries.
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Figura 4. Efecto del pH sobre la actividad de xilanasa producida por
Rhizomucor pusillus SOC-4A cultivado en mazorcas de maíz en con-
diciones de fermentación en estado sólido. La actividad relativa fue
determinada a 55 ºC.
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Figure 5. Effect of temperature on the activity of xylanase produced by
Rhizomucor pusillus SOC-4A grown on corn cobs under solid-state
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Figura 5. Efecto de la temperatura sobre la actividad de xilanasa produ-
cida por Rhizomucor pusillus SOC-4A cultivado en mazorcas de maíz en
condiciones de fermentación en estado sólido. La actividad relativa fue
determinada en pH 6,0.
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