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ABSTRACT 

The properties of crude xylanase and ~-xylosidase produced by Aspergillus 
niger NRClD7 in shake culture were investigated. Maximal activity of the two 
enzymes were recorded at 60°C and pH 4.5 and 5.0 respectively. The P-xylosidase 
activity was more thermostable than xylanase activity. Factors affecting the 
enzymatic hydrolysis of hemicelluloses obtained from different agriculture wastes 
were also studied. The extent of enzymatic hydrolysis decreased with the increase 
of· the substrate concentrations whereas it increased with increasing the 
concentration of enzymes. Incremental addition of substrate improved the 
saccharification yield. Significant inhibition of the saccharifying activity of 
A. niger NRC lD7 hemicellulase was obtained with initial xylose concentrations 
of 4.0 % or higher. Calcium ions activated the saccharifying activity, while Hg2+ 
and Mn2+ inhibited the activity. EDTA, Mg2+ and Fe2+ did not significantly affect 
the saccharifying activity of the organism hemicellulase. 

RESUME 

Les proprietes de la xylanase et de la B-xylosidase brutes obtenues apartir de 
la culture de r Aspergillus niger NRC 107 ont ete etudiees. L'activite maximum des 
deux enzymes a ere enregistrer aune temperature de 60 °C et a des pH de 4.5 et de 
5.0 respectivement. L'activite du B-xylosidase 'Etait plus thermostable que celIe de 
la xylanase. Les facteurs affectant l'hydrolyse enzymatique des hemicellulases 
obtenues apartir de differents residus de recoltes ont egalement ete etudies. 
L'importance de l'hydrolyse enzymatique a diminue avec l' augmentation des 
concentrations du substrat et a augmenre la concentration des enzymes. L' ajout du 
susbstrat additionnel a ameUore Ie rendement de la saccharification. Une inhibition 
significative de I'activite saccharifiante de I'hemicellulase du A. niger NRC 107 a 
ete obtenue avec des concentrations initiates de xylose de 4,0 % ou plus. Les ions 
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de calcium ont active l'activitC saccharifiante, tandis que Ie Hg2+ et Ie Mz2+ 1'0nt 
inhibite. L 'EDTA, Ie Mg2+ et Ie Fe2+ n'ont pas considerablement affecte l'activitC 
saccharifiante de l'hemicellulase. 

INTRODUCTION 

Hemicellulose is one of the major constituents of plant materials, comprising 
up to 4() % of cell biomass (Whistler and Richards, 1970). Enzymatic hydrolysis is 
a natural and ideal method for conversion of hemicellulosic materials to 
mono-saccharides (plus .e1 a 1., 1982). Products of hydrolysis of hemicellulose in 
turn serves as a source of food, fuel and chemicals (Dekker, 1982; Wiegel et al., 
1984). 

Enzymes degrading hemicellulose (called hemicellulase) are now well 
characterized and have been classified by several authors (Dekker and Richards, 
1976; Frederick .e1 iLL, 1985; Doorslaer tiIll., 1985). Hemicellulases from 
Trichoderma reesei had been successfully used for hydrolysis of hemicellulose 
(Dekker, 1983; Poutanen and Plus, 1988). Although A. niger secreates compelet 
hemicellulase system (Frederick et at, 1985; Shei e.1 Ill., 1985), however less 
attention was foucsed on the application ofA. niger hemicellulase. 

The aim of this work is to investigate the factors affecting enzymatic 
saccharification of hemicellulose by A. niger NRC 107 hemicellulase. Data on 
enzyme substrate ratio, product inhibition and effect of some activators are 
collected in order to provide further information revelant to development of 
partical saccharification process. 

MA TERIALS AND METHODS 

Microorganism: The strain Aspergillus niger NRC 107 was obtained from 
the fungal collection of the Centre of cultures of the National Research Centre, 
DOkki, Cairo, Egypt The culture was maintained at 5 0C on potato-dextrose-agar. 

Materials: p-nitrophenol ~ - D - xyloside (pNPX), was obtained from Sigma 
Chemical Company, St. Louis, USA., Oat - splet xylan was supplied from Fluka, 
AG, CH. 9470, Buchs, Switzerland. Hemicellulose from sugar cane bagasses, rice 
straw, and corncobs were prepared by the method of WhistIer et aI. (1948). 

Enzyme production : The following culture medium was used for enzyme 
production (gil): Corn - cobs xylan, 15 ; wheat bran, 15; L(-)sorbose, 3.0; 
KH2P04, 3.0; NaN03, 2.67; MgS04. H20, 0.3; CaCI2, 0.3; Tween - 803 mI, and 
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in mg/l, FeS04.7H20, 5.0; MnS04. H20, I .6; ZnS04. 1.4; CoCl2, 2.0. The pH 
was maintained through the fermentation processes at pH 6.0. Culti vation was 
preformed in 250 ml. Erlenmeyer flasks containing 50 ml of sterile medium. One 
ml of spore suspension (7 to 8 X 107 sporesJml) obtained from 7-days old slants 
was used for inoculation. The cultures were harvested on the 8 th day of growth by 
filtration through glass wool, and then centrifuged. The clear supernatants were 
used as enzyme solution. 

Enzyme assays: Xylanase activity was determined by measuring the 
increase in reducing power from the hydrolysis of oat-splet xylan (Fluka). A 
typical enzyme assay was preformed by incubating 0.5 ml of enzyme solution with 
0.5 ml of 1.0 % (w/v) xylan in 0.05 M acetate buffer, pH 5.0·at 45°C for 30 min. 
Reducing sugars released was determined by the method of Nelson (1952). The 
unit of xylanase activity (U) is defined as the number of Jl-moles of reducing 
sugars (as xylose) released per min. 

~-xylosidase activity was assayed by measuring the. amount of p-nitrophenol 
liberated from ~- nitrophenol - ~-D-xyloside (Sigma). A typical enzyme assay was 
preformed by incubating 1.0 ml of 0.025 M p- nitrophenol '- ~ - D - xyloside in 0.05 
acetate buffer, pH 5.0 with 1.0 m1 of enzyme solution at 45°C for 15 min. The 
reaction was stopped by addition of 2.0 m1 of 1.0 M Na2C03. The colour 
developed was measured at 400 DID. The unit of ~-xylosidase activity (U) is defined 
as the amount of Jl-moles of p-nitrophenolliberated per min. 

Enzymatic saccharification of hemicellulose : Hydrolysis was carried out in 
50 ml flasks containing (0.5 - 2.0 g) hemicellulose. Desired quantity of enzyme and 
acetate buffer (0.05 M, pH 5.0) were added to a final volume of 20 ml. The flasks 
were incubated at 50°C on a rotary shaker (150 rpm) for 48 h. Samples were 
centrifuged, and the supernatants were used for sugar analysis. 

Sugar determination: This was done according to the method of Nelson 
(1952) : 

Reproducibilty: All experiments were done in triplicate and the results 
were reproducible. The data points represented mean values, which within ± 5.0 % 

of individual values. 

RESUL TS AND DISCUSSION· 

Properties of xylanase and j3-xylosidase produced by Aspergillus niger 107 

The effect of pH of reaction mixture on xylanase and ~-xylosidase activities 
were investigated at 45°C in"0.05 M acetate buffer (Fig. O. A. niger 107 exhibited 
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Figure 1 	 Effect of pH of reaction on the activity of A. niger NRC 107 xylanase 

and B-Xylosidae 
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maximal activity at pH 4.5. 1bis results are similar to those reported for other 
xyJanase from Trpex lacteus (Hoebler and Brillouel, 1984), and A. niger (Shei 
~ sl., 1985). On the other hand, Mukherjee and Sengupta (1985) reported pH 
optimum for Termitomyces clypeatus xylanase at pH 3.5, while A. niger xyJanase 
showed optimal pH 6.0 (Frederick et al., 1985). Furthermore, the pH optimum for 
Thermomonospora sp. was 7.7 (Ristroph and Humphery, 1985). These results may 
reflect the variation in properties of xylanase from different strains; A. niger NRC 
107 B-xylosidase showed pH optimum at pH 5.0. This is similar to those reported 
by Esteban t.t at, (1982) and El-Diwany ~ aI., (1989). 

Optimum temperature was determined for xylanase and for P-xylosidase at pH 
5.0 (Fig. 2). Both xylanase and P-xylosidase were optimally activity at 600C. 
Temperature optimum ranged from 55 °C to 60°C have been reported for other 
fungal xylanase and P-xylosidase (Dekker, 1983; Hoebler and Brillovet, 1984, 
Mukherjee and Sengupta, 1985; Abdel-Fattah et al., 1987; EI-Diwany ~ al., 1989; 
Mountfort and Asher, 1989). 

Thermal stability of A. niger NRC 107 xylanase and P-xylosidase were 
conducted by preincubating the enzyme solutions at tempenitures between 50°C 
and 70 °C for different times. The results (Fig. 3) showed that xylanase activity 
was stable at 50°C after heating for 2 hrs. However, only 10 and 22 % of the 
Original activity was lost after thermal treatment for· I hr at 60 and 70°C 
respe'ctively. On the other hand, P-xylosidase activity retained about 79,62 and 50 
% of the original activity after heating at 50, 60 and 70°C for 24 hr respectively. 
These results indicate that A. niger NRC 107 xylanase and !3-xylosidase are more 
thermostable than those reported from T. reesei QM 9414 (Dekker, 1983), /rpex 
loccteus (Hoebler and Brillouet, 1984), A. terre us 603 (Abel Fattah ~ li, 1987) 
Penicillium funiculosum (EI-Diwany ~ sl., 1989). 

Enzymatic saccherification of hemicellulose by A. niger NRC 107 Xylanase: 

The effect of substrate concentration (hemicellulose) on the degree of 
enzymatic hyrolysis was investigated at different concentrations (2-8 g %, w/v) of 
different hemicellulose substrates. The substrates were subjected to enzymatic 
hydrolysis with constant enzyme concentration (50 unit xylanase I reaction 
mixture). The results (Table 1) showed that, the degree of hydrolysis decreased as 
the substrate concentration increased. However, the amount of reducing sugars 
produced, increased with the increase of substrate concentration. Such observation 
have been reported in the hydrolysis of hemicellulose by Mishra ~ aI., (1984) and 
Nakanishi ~ .ill" (1984). 
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Figure 3 : Thermal stability of A. niger NRC 107 xylanase and B-xylosidase. 
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Increasing enzyme concentration in the enzymatic digest of hemicellulose 
(from 40 to 100 unit xylanase I gram hemicellulose) resulted in an increase in the 
degree of enzymatic hydrolysis of hemicellulose for an substrates tested (Table 2). 
The variation of degree of enzymatic hydrolysis of different hemicel1uloses 
investigated may be partially due to variation of chemical structure of these 
heteropolysaccharides (Aspinall, 1970), therefore they exhibited varying degrees of 
susceptebility to hydrolysis by A. niger NRC 107 xylanase. 

Incremental addition of substrate (hemicellulose) in equal portions every 6 hr 
over the course of hydrolysis (48 hr) resulted in a significant increase of the 
enzymatic saccharification tested at 8 % (w/v) hemicellulose concentration (Table 
3). The observed increase may be due to higher enzyme/substrate ratio in all steps 
of hydrolysis course. It could also be due to the fact that incremental addition of 
substrate would avoid the bulky effect which decreases the rate and extent of 
enzymatic hydrolysis (Lee and Fan, 1983), Such an increase have also been 
reported in the saccharification of cellulose by cellulolytic enzymes (Rae and 
Deshpand, 1983, Vallander and Eriksson, (1985). 

Both xylanase and ~-xylosidase are inhibited competitively by xylose; the 
major end-product of hydrolysis of hemicellulose (Montenecaurt ~ .at, 1979). The 
effect of product inhibition (xylose) on the saccharifying acti~ity of A. niger NRC 
107 xylanase was investigated (Table 4). The results showed that, 2.0 % (w/v) 
initial xylose concentration (133 mM) showed a nigilable inhibition on the 
saccharifying activity of A. niger NRC 107 xylanase. Using 6.0 % (w/v) initial 
xylose concentration (399.9 mM) resulted in 29.33 - 38.7 % inhibition of the 
saccharifying activity. These results are much better than those reported by Dekker 
(1983), who found an inhibition amounted to 37,3 % of hemicellulase activity of 
TricJlOderow reesei at 10 mM initial xylose concentration. 

The effect of some metal ions on the saccharifying activity of A. niger NRC 
107 hemicellulase was investigated (Table 5). Ca2+ significantly increased the 
saccharifying activity, while Hg2+ and Mn2+ markedly inhibited the activity. 
EDTA, Mg2+ and Fe2+ did not significantly affect enzyme activity. These results 
show that A. niger NRC 107 xy1anase react to those ions in a manner very similar 
to that of T. viride (Hashimoto tl.al., 1971), Irpx lacteus (Hoebler and Brillouet, 
1984), Cryptococcus flavus (Nakanishi et aI., 1984), A. terreus 603 (Abdel-Fattah 
~ at, 1987). 

CONCLUSION 

TIlis study revealed some promising feature of A. niger NRC 107 xylanase and 
~-xylosjdase. The \)ptimum pH (4.5 - 5.0) and optimum temperature (60 oc) of 
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TABLE 1. : Effect of substrate concentration on the saccharifying activity of A. niger 
NRC 107 xylanase 

Reducing sugars Extent of hyrolysisSubstrate
Substrate 	 (mglml) (%)concentration(source) 

(g %, "w/v") 24h 48h 24h 48h 

Com-cobs 
hemicellulose 

2 
4 
6 
8 

16.10 
28.40 
37.83 
45.77 

17.90 
33.75 
44.40 
51.36 

80.50 
71.00 
65.03 

·57.22 

89.50 
84.37 
74.00 
64.21 

Rice straw 
hemicellulose 

2 
4 
6 
8 

17.90 
32.50 
42.48 
51.70 

18.48 
34.20 
47.16 
47.28 

89.50 
81.50 
70.80 
64.62 

92.40 
85.50 
78.60 
71.60 

Cane sugar bagasse 
hemicellulose 

2 
4 
6 
8 

14.30 
24.20 
35.10 
43.52 

15.70 
28.10 
39.70 
49.94 

71.50 
60.50 
58.50 
54.40 

78.50 
70.25 
66.16 
62.42 

Enzyme concentration =50 unit xylanase I reaction mixture 

TABLE 2. : 	Effect of enzyme concentration on the degree of hydrolysis of hemicellu
lose by A. niger NRC 107 xylanase 

Reducing sugars Extent of hyrolysis Enzyme concentra-
Substrate 	 (mgllOml) (%)tioo(unitxyIanasel(source) 

gram substrate 24h 48h 24h 48h 

Com-cobs 
hemicellulose 

40 
60 
80 
100 

403.52 
471.20 
539.00 
631.20 

540.40 
554.40 
597.60 
635.20 

50.44 
58.90 
67.37 
78.90 

56.30 
69.30 
74.70 
79.40 

Rice straw 
hemicellulose 

40 
60 
80 
100 

442.40 
549.90 
603.20 
674.56 

482.56 
618.40 
655.20 
695.59 

55.30 
68.74 
75.40 
84.32 

60.32 
77.30 
81.90 
86.92 

Cane sugar bagasse 
hemicellulose 

40 
60 
80 
100 

383.36 
449.90 
489.70 
521.92 

437.04 
474.08 
529.92 
562.56 

47.92 
56.24 
61.21 
65.24 

54.63 
59.26 
66.24 
70.32 

Substrate concentration:::: 8 %(w/v) 
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TABLE 3. : Effect of multiple addition of substrate on the enzymatic hydrolysis of 
hemicellulose by A. niger NRC 107 xylanase 

Reducing sugars Extent of hyrolysis 
Substrate (mg/10ml) (%)
(source) 

Single addition Multiple addition Single addition Multiple addition 

Com-cobs 
hemicellulose 

635.20 707.12 79.40 88.39 

Rice straw 
hemicellulose 

693.84 754.96 86.73 94.37 

Cane sugar bagasse 
hemicellulose 

562.56 695.52 70.32 86.94 

Enzyme concentration =100 unit xylanase / gram hemicellulose 

Substrate concentration = 8 %, (w/v) 

HydrolysiS was carried out for 48 hr. 


TABLE 4. : Effect of product inhibition (xylose) on the saccharifying activity of 
A niger NRC hemicellulase 

Released. reduc- Extent RelativeXylose
Substrate ing sugars hydrolysis activityadded(source) (mgImI) (%) (%)(g %) 

Oat - splet xylan 

Wheat straw 
hemicellulose 

Cane sugar bagasse 
hemicellulose 

0.00 
2.00 
4.00 
6.00 

0.00 
2.00 
4.00 
6.00 

0.00 
2.00 
4.00 
6.00 

44.15 
41.81 
35.20 
31.20 

22.73 
20.65 
17.28 
13.71 

31.21 
30.16 
25.64 
21.62 

88.30 
83.62 
70.39 
62.40 

44.74 
41.30 
34.56 
27.42 

62.42 
60.33 
51.24 
43.24 

100.00 
94.70 
79.71 
70.66 

100.00 
92.31 
77.24 
61.28 

100.00 
96.65 
82.01 
69.27 

Enzyme concentration =50 unit xylanase / gram hemicellulose 

Substrate concentration =5 %, (w/v) 

Hydrolysis was carried out for 48 hr. 
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these two enzymes are close to those of Trichodenna cellulases, which may have 
economical adventage for practical saccharification of hollocellulose. The greater 
stability of hemicellulase components from A. niger NRC 107 is an important 
factor favoring possible economical application. 

TABLE 5. : Effect of some activators and inhibitors on the saccharifying activity of 
A. nige r NRC 107 hemicellulase 

Extent of RelativeReducing 
Substance added * sugars hydrolysis activity 

(%) (%)(mg/ml) 

None 38.35 

HgCl2 19.29 

CaCl2 48.82 

ZnCl2 42.18 

MgCl2 39.11 

BaCl2 34.59 

CuS04 16.99 

EDTA 33.48 

SDS 29.64 

FeS04 36.31 

MnCl2 14.84 

CoCl2 41.41 

76.7 

38.58 

97.64 

84.37 

78.23 

69.18 

33.98 

66.97 

59.29 

72.63 

29.68 

82.83 

100.00 

50.00 

127.30 

110.00 

102.00 

90.20 

44.30 

87.30 

77.30 

94.70 

38.70 

108.00 

* Fmal molarity = 10-2 M 

Enzyme concentration =50 unit xylanase / gram hemicellulose. 

Substrate concentration =5 % (w/v) oat - splet xylan. 

EDT A =Ethylenediaminetetraacetate - sodium salt 

SDS = Sodium dodecyl sulphate. 


j 

Data of the enzymatic hydrolysis revealed that, 87 to 94.5 % hydrolysis could 
be obtained using 8 g % (w/v) hemicellulose from different agriculture wastes, 
indicating that, A. niger NRC 107 secretes a complete hemicellulase system. 

These results provide additional evidence for potentiality of A. niger NRC 107 

hemicellulase for possible industrial application. 
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