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Abstract

The present study surveys sixteen fungal strains for their involvement in cellulose and xy-
lan degradation activities. Xylanase activity was tested at pH 5.0, pH 7.0 and pH 8.5. Cultures  
of three, five and seven day old were screened for xylanase, β-xylosidase, cellulase (CMCase, 
FPase) activities and for protein production. The temperature and ionic strength effects on xy-
lanase activity were also determined. The strains SM7, SM8, SM9, SM10, SM12 presented re-
markable xylanase activity at all pH tested when xylan or wheat bran were used as carbon 
source at 2%. However the greatest one (60 U/ml) was showed by SM7 strain which also offered 
the highest cellulase activities (CMCase: 14 U/ml and FPase: 1.45 U/ml). Xylanase to 500 mM 
but decreased severely after 2.5 hours at 55°C for the majority of the strains. The highest β-D-xylo-
sidase activity (80 U/ml) was given by SM12 strain after seven days of culture on xylan. The SM7 
and SM8 strains were selected for their particular behavior: the most thermostable SM7, offers 
high xylanase and cellulase activities and SM8, shown a very low CMCase activity but a high 
xylanase one. The SM7 strain can be easily used in the bioconversion of lignocellulosic biomass 
and in several food processing applications, while SM8 strain acting at alkaline pH, can be effort-
lessly used in paper industry.
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Introduction

Cellulose, hemicelluloses and lignin are the organic wastes from agri-
cultural residues. In plants cell walls, the hemicelluloses are situated 
between the lignin and the cellulose fibers underneath. Hemicelluloses 
mainly consist of monomers of D-xylose, D-mannose, D-galactose, and 
L-arabinose. Xylans are the main constituents of hemicelluloses and rep-
resent the second most abundant source in the world after cellulose  
(Wong and Maringer 1999, Jiang et al. 2010, KhandeparKer et al. 
2011). They are linked to lignin, cellulose and other polymers by bonds 
mediated by covalent and non-covalent interactions (Coughlan and hazle-
Wood 1993, Chandra et al. 2012). The complex xylan structure consists of 
a homopolymeric backbone of β-1,4 linked D-xylopyranose units and short 
chain branches of O-acetyl, α-L-arabinofuranosyl, and α-D-glucuronyl res-
idues (ShalloM and ShohaM 2003, panWar et al. 2014). This complex 
xylan structure requires for its total breakdown a complex enzymatic sys-
tem including xylanase (endo-1,4-β-D-xylan xylanohydrolase, EC 3.2.1.8)
which attack the main chain of xylan and β-xylosidase (β-D-xyloside xylohy-
drolase, EC 3.2.1.37) hydrolyzing xylo-oligosaccharide into D-xylose resi-
dues, in addition to a variety of disbranching enzymes: α-L-arabinofurano-
sidases (EC 3.2.1.55), α-D-glucuronidase (EC 2 3.2.1.1 and acetyl-esterase 
(EC 3.1.1.6) (Biely 1985, Collins et al. 2005, Sridevi and Charya-Singara 
2011). Xylanolytic enzymes are naturally produced by diverse genera and 
species of bacteria, yeast and fungi. The last ones are reported to be the 
most potent producers (haltriCh et al. 1996, gupta et al. 2009). Xylanases 
are receiving increased attention because of their biotechnological poten-
tial applications (Beg et al. 2001). They are involved in bioconversion of 
lignocellulosic biomass to simple sugars and in production of various 
industrial chemicals including biofuel (ray 2013, panWar et al. 2014). 
They are also used as a food additive to improve the nutritional properties 
of agricultural silage and feed grains (KiM et al. 2000, BareKatain et al. 
2013). On the other hand, the use of xylanases combined with cellulases is 
of interest in food processing (Wong et al. 1988). The use of this enzymatic 
couple is favorable for the clarification of fruit juices and wine (hang and 
WoodaMS 1997) and for the improvement of the texture and stability of 
bread dough (Baht and arzleWood 2001, Kavya and patMavathi 2009). 
However, the most promising application of xylanases is their effective-
ness in pre-bleaching Kraft paper pulp. To this end, the hydrolysis of xylan 
would facilitate the release of lignin from the cellulose fibers (SalleS et al. 
2005, panWar et al. 2014). Thus, the use of chlorine, which is a carcino-
genic and toxic bleaching agent, is reduced (ali and SreeKriShnan 2001, 
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Sridevi and Charya-Singara 2011). Most of the industrial processes 
mentioned above are carried out at high temperature and alkaline pH. 
The investigation of novel enzymes (xylanases and cellulases) stable under 
these hostile conditions is very much desired (panWar et al. 2014). In view 
of this demand, we have tried to screen new local fungal strains in order to 
select the most efficient in the production of ligno-cellulolytic enzymes (cel-
lulases, xylanases) and proteins.

Materials and Methods

Chemicals

Oat spelt xylan, birch wood xylan, potato dextrose agar (PDA), carboxy 
methyl cellulose, p-nitrophenyl-β-D-xylopyranoside, filter paper, xylose 
and Bovine Serum Albumin were purchased from Sigma chemicals Co., 
USA. Local wheat bran kindly was obtained by STPA Company (Société 
Tunisienne de Production Alimentaire, Sfax-Tunisia).

Fungal Strain, Media and Culture Conditions

Sixten fungal strains were tested. In fact, we use 3 strains as refe-
rence: Rut C30, hypercellulolytic mutant of Trichoderma reesei (Poutanen 
and Puls 1988); CL100, Penicillium occitanis (Jain et al. 1990); CT1, Peni-
cillium occitanis mutant (hadJ-taieB et al. 1992) and 13 newly isolated 
strains from different Tunisian biotopes (SM1, SM2, SM3, SM4, SM5, 
SM6, SM7, SM8, SM9, SM10, SM11, SM12, SM13).

Fungal cultures were inoculated on PDA slants and incubated at 30°C 
(preBen and SorenSen 1997). The fully sporulated slants of six day old 
culture were immediately used or stored at 4°C for short term preserva-
tion. For the spore inoculums preparation, sterile distilled water (5 ml) 
was added to the slants and the spores were dislodged into it by gentle 
brushing the mycelium with a sterile wire loop. The suspension from  
5 Petri-dishes was recovered and filtered on cotton. It was appropriately 
diluted with sterile distilled water containing 0.05% Tween 80 to obtain 
the required spore count. The suspensions were maintained in 20% glyc-
erol at –20°C after the determination of the concentration (gupta et al. 
2009). A modified version of Mandels and Weber’s basal medium was used 
(MandelS and WeBer 1969). It was prepared as follow(g/l):(NH4)2 SO4 
(1.4), KH2PO4 (2), CaCl2 (0.3), MgSO4.7H2O (0.5), NaNO3 (5) and trace ele-
ments [mg/l]: FeSO4.7H2O (0.5), ZnSO4.4H2O (1.4), MnSO4.H2O (1.6), 
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CoCl2SO4.6H2O (2) and 0.1% (v/v) Tween-80. It was supplemented with 
2% (w/v) of oat spelt xylan or wheat bran as carbon source. The pH value 
was adjusted to 5.0 before autoclaving for 20 min at 121°C.

The suspension (106 spores/ml) of each strain was cultured in 100 ml 
of this medium. The inoculated Erlenmeyer’s flasks (500 ml) were incu-
bated for 7 days under shaking conditions(150 rpm at 30°C). Samples 
(10 ml) of 3, 5 and 7 old days, were filtered on milli-pores (0.45 µm) and 
used for analysis.

Enzyme and Protein Assays

D-xylanase activity was measured with the optimized method 
described by Bailey et al.(1992). An appropriately diluted crude enzyme 
(0.5 ml) was incubated with 0.5 ml of 1% birch wood xylan (prepared in  
50 mM buffer of sodium citrate pH 5.0 or phosphate pH 7.0 or MPSO pH 8.5) 
for 30 min at 55°C. The reaction was stopped by adding 3 ml of 3,5-dinitro-
salicylicacid (DNS) and the test tubes were boiled (10 min) for color deve-
lopment and cooled rapidly The reaction mixture was diluted with 20 ml  
of distilled water and the absorbance was taken at 550 nm. The amount  
of reducing sugars liberated was quantified using xylose as standard (Mil-
ler 1959). One unit of enzyme activity is defined as 1 micromole of xylose 
released/ml enzyme/min under assay conditions.

β-D-xylosidase activity was carried out according to the herr et al. 
method (1978) using p-nitrophenyl-β-D-xylopyranoside as substrate dis-
solved in sodium acetate buffer (50 mM; pH 5.0). A suitable diluted culture 
filtrate (1 ml) was incubated with substrate (5 mM) for 15 min at 50°C.

Cellulase activities: endoglucanase or carboxymethyl cellulase 
(CMCase) and global cellulose or filter-paper-hydrolyzing (FPase) were 
determined by IUPAC methods (1987). CMCase and FPase were measured 
by estimating the reducing sugars produced respectively from 2% (w/v) 
CMC and 50 mg of filter paper (Whatman N°1). The reactions were carried 
out in 0.05 M sodium-citrate buffered at pH 4.8 and incubated at 50°C. 
The reaction time was 30 min for CMCase against 60 min for FPase.  
One unit of either enzyme activity is defined as 1 micromole of glucose 
released/ ml enzyme/ min under assay conditions.

Protein concentrations were determined using the Bio-Rad protein 
assay with bovine serum albumin as the standard (Bradford 1976).
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Characterization of Xylanase Activity

Temperature effect. A suitable diluted culture filtrate was incu-
bated in the absence of substrate for 0 min, 90 min and 150 min at 55°C 
and the residual activity was determined as described above.

Ionic strength effect. Phosphate buffer (pH 5.0) was used at 50, 100, 
500 and 750 mM. 1 ml of reaction mixtures containing 0.9 ml of xylan at 
1% in the same buffer and 0.1 ml of suitable diluted culture filtrate were 
incubated for 30 min at 50°C. The released reducing sugars were determi-
ned by DNS as described above.

Statistical Analysis

All the results were the average of three determinations of two sepa-
rate experiments for each cultural condition. They were statistically analy-
zed by SAS software (Version 8) using Duncan test performed after analy-
sis of variance (ANOVA).

Results and Discussion

Xylanase production. Sixteen filamentous fungi strains were grown 
in liquid culture media supplemented with oat spelt xylan or wheat bran 
(2%) as carbon source incubated at 30°C. At pH 5.0, pH 7.0 and pH 8.5, 
samples of 3, 5 and 7 old day’s culture were tested for xylanase activity. As 
shown in Table 1, it is clear that all the studied fungi secreted varied levels 
of xylanase at third, fifth and seventh cultivation day. In fact, xylolytic 
activities were often induced by xylan as well as by the endocellulase end 
product action, such cellobiose (Bailey and poutanen 1989). The enzyme 
study production suggested that maximum xylanase activity was noted 
after 5 days of incubation while its activity decreased on further incuba-
tion. The strains Rut C30 (45 U/ml) and SM7 (60 U/ml) were considered as 
the super producing ones Table 1). It was noticed that the production level 
and enzymatic activities depend on strains, culture time and substrate 
used as carbon source. These observations were similar to those described 
on several studies (oJuMu et al. 2003, alaM et al. 2005, MuhaMMad et al. 
2010). The pH of the medium is the second tested parameter, which influ-
ence the xylanase secretion and activity. At pH 5.0, the xylanase activity 
showed for the strains RutC30, SM4, SM5, SM6 and SM11 was more than 
at pH 7.0 and much at pH 8.5. On the other hand, the lowest activity 
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observed at acidic and alkaline pH was given by the Penicillum species 
(CL100 and CT1) as well SM1 and SM2 strains. However, at all pH tested 
the strains SM7, SM8, SM9, SM10 and SM12 gave the same activity. 
Thus, SM7 strain, the highest producer of xylanase, constitutes a poten-
tial source for the selective hydrolysis of xylan residues in lignocellulosic 
biomass. When wheat bran was used as carbon source, the same results 
were observed except that the maximum production was exhibited at the 
seventh day of culture. Strains CL100, CT1, SM1, SM2 and SM13 showed 
a very low activity at pH 7.0 and pH 8.5 (data not shown). Thus, enzymes 
have an optimum pH showing their maximum activity. At higher or lower 
pH values, their activity decreases (lenhinger 1993).

Table 1
Xylanase production by fungal strains grown on xylan as carbon source. The enzymatic activity 

was determined at different pH
Xylanase activity [U/ml]

Strains
3 days 5 days 7 days

pH = 5 pH = 7 pH = 8.5 pH = 5 pH = 7 pH = 8.5 pH = 5 pH = 7 pH = 8.5

RUT C30 43.83 34.65 31.42 44.98 36.58 33.25 41.25 3.18 36.57
CL100 3.15 1.24 – 3.33 1.86 – 3.35 1.05 –
CT1 1.58 – – 1.66 1.04 – 1.57 1.13 –
SM1 5.23 3.18 1.05 6.66 3.17 1.01 6.45 4.68 1.67
SM2 2.85 1.17 – 4.17 2.14 – 4.15 3.93 –
SM3 14.17 13.24 13.16 13.33 13.25 13.10 12.21 9.65 7.23
SM4 36.49 29.72 22.83 36.65 31.68 27.87 32.57 27.21 24.54
SM5 12.86 8.47 6.11 13.33 9.38 7.59 13.11 12.29 10.64
SM6 16.47 13.29 8.49 16.66 14.35 10.37 15.57 13.46 10.08
SM7 58.85 58.23 59.14 59.98 59.87 58.29 49.18 48.23 47.25
SM8 35.50 34.95 37.14 36.65 36.45 35.79 34.84 35.10 34.75
SM9 27.17 26.98 28.03 29.99 30.13 28.88 28.23 28.14 27.79
SM10 37.65 38.02 37.54 39.98 38.75 37.87 38.02 37.64 36.89
SM11 9.86 6.27 5.01 10.00 8.23 7.12 11.54 8.55 7.65
SM12 20.32 19.98 21.04 21.66 21.57 22.21 21.99 16.85 12.56
SM13 16.12 13.05 11.23 20.00 18.45 16.94 18.58 13.54 10.25

β-D-xylosidase production. The β-D-xylosidase production was con-
ducted at different carbon sources such as xylan and wheat bran. All the 
studied fungi secrete varied levels of β-D-xylosidase (Figure 1). The high-
est activity (80 U/ml) was recorded in SM12 strain, though the lowest one 
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was attributed to strain SM11 (4 U/ml) when using xylan as car- 
bon source. The enzymatic production for SM9, SM10 and SM12 strains 
was twice greater at seventh than at fifth incubation days (Figure 1). 

On wheat bran, the highest production was recorded in SM6 and SM5 
strains, while the lowest one was obtained with strains SM4 and ST11 
(Figure 2). 

Fig. 1. β-D-xylosidase production by fungal strains at 5 or 7 days old culture grown on xylan 
as carbon source. The enzymatic activity was determined at pH 5

Fig. 2. β-D-xylosidase production by fungal strains at 5 or 7 days old culture grown on wheat 
bran as carbon source. The enzymatic activity was determined at pH 5
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The insignificant secretion showed by SM11 strain when it’s grown on 
xylan or on wheat bran, indicates probably a real low enzymatic produc-
tion or an intracellular or a cell-bound location. Interestingly strain SM7, 
the highest producer of xylanase, secretes low amount of β-xylosidase indi-
cating that the xylanase recorded is mainly due to endo type and dis-
branching xylanolytic enzymes. If SM7 produces considerable quantity of 
β-xylosidase, it would be an intra cellular or cell-bound one.

Cellulases production. Carbon source is one of the most important 
factors during the growth and metabolic microorganisms process. The 
presence of carbon sources in the cultivation medium exerted a deep effect 
on the enzyme production behavior of the bacterium. Among various car-
bon sources xylan was chosen and used to stimulate cellulase production. 
All the tested fungi secreted cellulase activities at varied levels (Figure 3).

The greatest CMCase secretion was recorded in strain SM7 compared 
to Rut C30, the hypercellulolytic mutant of Trichoderma reesei producing 
the same amount. However, SM7 showed more important xylanase activity 
at alkaline conditions than Rut C30. The lowest CMCase activity was 
reported for SM8 and SM12 strains as well as Penicillum occitanis (CL100). 
The strain SM8 which secreted considerable xylanase and remains active at 
alkaline pH conditions for xylanases, acquired the property prevailing in 
the pulp wood (Beg et al. 2000). It is known that the use of xylanases for 
pulp treatment is preferable with free cellulolytic activity, since the cellu-
lase may adversely affect the paper pulp quality and the yield (SrinivaSan 
and rele 1995, Haltrich et al. 1996). Moreover, the strain SM2 which exhib-
ited high endoglucanase versus xylanase, can be used in various industries 
including pulp and paper, textile, laundry, biofuel production, food and feed 
industry, brewing, and agriculture (Kuhad et al. 2011). Almost the totality 

Fig. 3. Cellulases production of 5 days old culture by fungal strains grown on xylan as carbon 
source. The enzymatic activity was determined at pH 5
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of the crude filtrates offers interesting secretion of xylanase accompanied 
with moderate cellulases. It is already known that the organisms secreting 
high level of xylanase produce simultaneously cellulase. In this context, 
gaMarra et al. (2010) reported a highest yield of endoglucanase (1854 U/L) 
and xylanase (5051 U/L) for Aspergillus niger after 72 h of fermentation.

The substantial filter paper secretion (Figure 3) was given by Rut C30, 
SM2, SM7 and SM13 strains probably due to a high β-glucosidase or an 
exoglucanase activity. The increase of CMCase concentration against 
FPase was reported for all the strains studied and this result was con-
firmed by the Pandey study’s (pandey et al. 1999).

Proteins production. Despite of the carbon source used, the pro- 
tein production increased with time incubation (Figure 4 and Figure 5).  

Fig. 4. Proteins production at 5 or 7 days old culture by fungal strains grown on xylan  
as carbon source

Fig. 5. Proteins production at 5 or 7 days old culture by fungal strains grown on wheat bran as 
carbon source
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Rut C30, CT1, SM1, SM2 and SM7 strains showed the highest protein 
concentrations on xylan (Figure 4) or on wheat bran (Figure 5). The maxi-
mal protein level (400 µg/ml) was given by SM7 and CT1 strains cultivated 
respectively on xylan and wheat bran at seventh and the fifth incubation 
day, respectively. Thus, the protein production was correlated with the 
enzyme secretion.

Temperature effect on xylanase activity. The enzymatic samples 
were preincubated at 55°C, and their activities were measured during dif-
ferent incubation times. The residual activities were carried out as indi-
cated in the enzymatic assay procedure. All the samples showed a dramat-
ically decrease of xylanase activity after 150 min at 55°C except strains 
SM7, SM11 and the Penicillium species (CT1 and CL100) – Table 2. 

Table 2 
 Xylanase activity characterization – thermostability at 55°C 

Strains
Residual xylanase activity [%]

90 min 150 min
RUT C30 45 24

CL100 86 100
CT1 100 150
SM1 57 43
SM2 59 30
SM3 34 37
SM4 111 66
SM5 108 73
SM6 55 24
SM7 100 97
SM8 48 45
SM9 54 59
SM10 148 92
SM11 151 151
SM12 41 41
SM13 36 7

In fact, xylanase was reasonably stable at 55°C. Yet the remaining 
activities decreased very rapidly when denaturation started to take place. 
The maximum thermal stability was obtained at 55°C for xylanase, and no 
activity decrease was observed for the most strains incubated for 150 min 
during the first hour of incubation, displaying thereafter a constant and 
stable activity. Under the same conditions, significant thermal stability 
was unveiled by strains SM7 (97%), SM10 (92%), SM5 (73%), SM4 (66%) 
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and SM8 (45%) which have a better half life time than the thermostable 
xylanase of Aspergillus awamori (Solórzano et al. 2000). Furthermore, 
SM7 exhibited not only the highest heat stability, but also was the best 
xylanase and protein producer. Hence, its thermal stability can be 
attributed to its intrinsic protein conformation.

Ionic strength effect on xylanase activity. The ionic strength 
effect was tested at values ranging from 50 to 750 mM. The ionic strength 
variations affect the enzymatic reaction. It was shown, for all the strains 
that the xylanase activity was enhanced by the increase of ionic strength 
up to 500 mM. However, for higher concentration, enzymatic activity was 
not affected (Table 3).The solution ionic strength is an important parame-
ter affecting enzyme activity. This is especially noticeable where catalysis 
depends on the movement of charged molecules relative to each other. 

 
Table 3 

 Xylanase activity characterization – effect of ionic strength 

Strains
 Xylanase activity [U/ml]

50 mM 500 mM 750 mM
RUT C30 11.76     31.37  32.15

CL100 3.14 7.06 7.84
CT1 0 1.56 2.35
SM1 0 3.92 4.70
SM2 3.14 9.41 10.19
SM3 11.76 25.88 28.23
SM4 9.41 21.17 25.88
SM5 4.70 18.04 20.39
SM6 7.84 23.53 22.74
SM7 19.60 35.3 34.51
SM8 12.55 23.53 24.31
SM9 10.2 25.10 25.88
SM10 15.68 14.90 33.72
SM11 30.59 7.84 25.89
SM12 6.27 19.60 20.4
SM13 5.5 22.74 12.55

Thus, both the binding of charged substrates to enzymes and the 
movement of charged groups within the catalytic ‘active’ site will be influ-
enced by the ionic composition of the medium. Even if a more complex 
relationship between the rate constants and the ionic strength holds, it is 
clearly important to control the ionic strength of solutions in parallel with 
the control of pH (renKeMa et al. 2002).
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Conclusion

Recent researches aim to select novel fungal strains that can produce 
enzymes with interesting properties and potential for future industrial 
applications. The present study was undertaken to explore 16 fungal 
strains in terms of their production of xylanase and cellulase enzymes. 
The screening for these enzymes-producing microorganisms, in liquid 
medium, resulted in the

isolation of 2 fungal strains. SM8 strain, proved to be greatly remark-
able cellulase-free xylanase producing microorganisms and SM7 is the 
highly interesting producer of cellulose and xylanase enzymes. This could 
be attributed to the presence of a relatively high concentration of cellulase 
and /or xylanase substrates in the environment samples. These last strains 
were selected in order to use in the selective hydrolysis of β 1-4 xylan res-
idues present in lignocellulosic materials (SM7) or in paper and pulp 
industry (SM8). Further works are In progress to analysis enzymatic dis-
branching activities, and to develop suitable media and process for the 
enzymatic production of these selected strains.

Accepted for print 2.06.2020
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