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ABSTRACT 

Out of 69 fungal isolates from nine pectin rich fresh fruit wastes-showed pectinolytic activity ,two 

were the powerful and best. They were identified as Aspergillus niger and Trichoderma viride. 

Gamma irradiation of the spore suspensions of these two isolates (0-3kGy) stimulated the exo-

polygalacturonase (PG) production. Treatment with 0.25kGy  was found to be the best dose for 

inducing PG activity produced from T. viride and Asp. niger. The enzyme characteristics were also 

studied. The optimum temperature of T. viride enzyme reaction was 50°C compared with 45°C for 

Asp. niger enzyme extract.The optimum incubation time of T. viride enzyme reaction was 80 min 

which greater than that of Asp. niger namely 60 min.The results of enzyme reaction pH revealed that 

the best PG activity was observed at pH 5.0 for the extract of the two fungal isolates. The stability of 

the enzyme was affected markedly by each of incubation temp., incubation period and pH value. 

Aspergillus niger and T. viride crude extract enzymes were stimulated with Mn
2+

 while Zn
2+

 and Ca
2+

 

were inhibitors. The best volume of crude enzyme extract was 3.00 ml in case of T. viride while in 
case of A. niger was 2.00 ml . Trichoderma  viride enzyme extract showed its highest enzyme activity 

with substrate concentration 1.5 % while that of  A. niger was found to be 3.0%. 

 

INTRODUCTION 

Pectinolytic enzymes or pectinases are a heterogeneous group of related enzymes that hydrolyze 

the pectic substances 
(1)

.  Pectinolytic enzymes are widely distributed in higher plants and 

microorganisms. Most commercial pectinase preparations used in the food industry are derived from 

Aspergillus niger, which in addition to producing large quantities of these enzymes is a GRAS 

(Generally Recognized as Safe) microorganism 
(2)

. 

    Pectinases have been used in several conventional industrial processes, such as textile, plant 

fiber processing, tea and coffee fermentation, oil extraction, treatment of industrial wastewater, 

containing pectinacious material, etc.They have also been reported to work on purification of viruses 

and in making of paper 
(3&4)

. Enzymes are protein molecules. Extreme conditions such as high 

temperature or extreme pH will affect the structure of an enzyme. This will in turn affect the catalytic 

activity 
(5)

.   
   The use of mutagenic factors in the improvement of the enzyme production properties of 

microorganisms is well known 
(6-9)

. One of the main mutagenic factors is radiation. However, 

inductions of mutation followed by selection have proved to be the most efficient programs for the 

isolation of highly productive cultures 
(10)

. 
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 In a previous study by the author 
(11)

,the optimum nutritional and environmental parameters 

for fungal pectinase production by 12 isolates from 8 pectin-rich wastes were assesd .Two of which 

were the powerful; they identified as Aspergillus niger and Trichoderma viride .In the present 

work,the effect of different γ-radiation doses on the growth and exo- polygalacturonase production by 

the isolated T. viride and Asp. niger was done. Extended study on the characteristics of the crude 

enzyme extract was also assessed.  

MATERIALS AND METHODS 

Preparation of the fungal spore suspensions: 

    This step was done to prepare the inoculum for the fermentation process. A suitable number 

of 250 ml Erlenmyer-flasks with 100 ml potato dextrose agar (PDA) were inoculated separately with a 

fungal disc of T. viride and Asp. niger. These discs were taken with a cork porer from the pure 

plates.The PDA flasks were incubated at 28°C for 5 days. After the completion of incubation process, 

10 ml of sterile solution containing (0.1% Tween 80) were added to each flask and the spores were 

scratched by sterile needle. Then the spore suspension was centrifuged twice at 3000 rpm for 15 min. 

The suspended spores for each isolate were collected and adjusted to 4x 10
6
 cfu/ml by sterile saline 

solution. 

Extract of crude Exo- Polygalacturonase;  

            The basic mineral medium (BMM, 100 ml) according to
 (12)

 supplemented with 1% commercial 

pectin was mixed in 250 ml Erlynmyer-flasks.  The flasks were autoclaved at 121˚ C for 15 min and 

inoculated with 0.5 ml spore suspension (4x10
6
 cfu/ml) of the fungal isolates T. viride or Asp. niger 

which isolated from pectin rich wastes. The inoculated flasks were incubated at 28˚ C as stationary 

cultures for 5 days. Duplicate flasks were taken daily, filtered through Whatman paper No. 3 and 

centrifuged under cooling conditions. The filtrate was used as the crude enzyme preparation. 

Effect of gamma irradiation: 

     Irradiation process was carried out at the National Center for Radiation Research and 

Technology (NCRRT). The irradiation facility used was the Cobalt-60 (
60

Co Indian Facility) with a 

dose rate 0.1 kGy/min. at the time of experiments. 

          To study the effect of different doses of gamma radiation on fungal growth polygalacturonase 

production, 3ml of the spore suspension (4x10
6 

cfu/ml) as an inoculum of each microorganism 

separately were put in sterilized tubes under aseptic conditions. The spore suspensions were irradiated 

at 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 kGy at the ambient temperature. The flasks with 100 ml BMM 

inoculated with 0.5 ml of the irradiated spore suspension. The flasks were incubated at the suitable 

temperature and for the specific time after inoculation period, the fermented media were filtered 

through filter paper Whatman No. 3, and the supernatants were used to estimate reducing sugar (RS) 

and enzyme activity (EA) for each sample. The collected growth was washed three to four times with 

distilled water and then dried at 60˚C to a constant weight(dry biomass). All samples were carried out 

in triplicates. 

Enzyme activity determination :  

   The enzyme activity was assayed as reported by 
(12)

. Exopectinolytic activity in cell - free 

filtrates was assayed by quantification of  reducing  sugars that were liberated by 0.1ml filtrate mixed  
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with 0.5ml 1.0%  pectin  and  0.4ml  acetate buffer pH  5.0 incubated  for 20 minutes at 45˚C.  Results 

were expressed as galacturonic acid equivalents. One unit (U) of exopectinolytic activity was defined 

as the amount of enzyme that catalyzes the formation of 1µ mol galacturonic   acid under the assay 

conditions.  Reducing groups in culture media were determined directly in cell - free filtrates using the 

dinitrosalicylic acid (DNS) method 
(13)

. 

Reducing sugar determination:  

The reducing sugar concentration was determined using DNS reagent 
(13)

. Reducing sugars 

measurement was an indicator for the exo-type polygalacturonase. 

Determination of Enzyme characteristics: 

     The features and characteristics of the crude enzyme extract were assayed by determining the 

following parameters: 

A. Effect of incubation temperature on the enzyme activity: 

   Crude enzyme extract was distributed into equal aliquots to be incubated at different 

temperatures (20, 30, 40, 45, 50 and 60°C). After each incubation for 20 minutes, the enzyme activity 

was measured by the method described previously by 
(12)

. 

B. Effect of incubation time on the enzyme reaction: 

   Crude enzyme extract was distributed into equal aliquots to be incubated at different time 

periods (10, 20, 30, 40, 50,60, 70, 80, 90, 100 and 120 minutes) at suitable temperature. The enzyme 

activity was then determined for each treatment. 

C. Effect of different pH values on the enzyme activity:  

   Enzyme extract was divided into equal samples. Each sample was incubated at different pH 

values to determine the effect of the pH of the buffer on the enzyme activity. The pH values were: (3, 

3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5 and 9.0). The enzyme activity was determined for each 

treatment. 

D. pH stability of the enzyme: 

            Enzyme extract was divided into equal samples. Samples were incubated at different pH values 

with different incubation time periods. The pH range was (3, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0) and 

incubation periods were (60 and 80 min). Enzyme activity was finally measured for each sample. 

E. Thermal stability of the enzyme: 

   Enzyme extract was divided into equal samples, and were incubated at different temperature 

degrees (10, 20, 30, 40, 50, 60, 70 and 80°C) with different incubation periods (60 and 80 min). 

Enzyme activity was finally measured for each sample. 

F. Effect of metal ions on the enzyme activity: 

   Known volumes of the culture filtrates were divided into equal volumes to which the metal 

ions were added. Each salt was added in two concentrations 1mM &5mM, separately.The metal ions 

were ZnSO4, CuSO4, FeSO4, MnSO4, MgSO4 and CaSO4. Incubating samples at appropriate 

temperature and also for the best time 45º C/ 60 min & 50ºC/ 80 min for A. niger and T. viride 



2nd International Conference on Radiation Sciences and Applications, 28/3 - 1/4/2010 

81 

 

extracts, respectively. The effect of metal ions was assessed by measuring the existed 

polygalacturonase activity. 

G. Effect of enzyme extract volume on the enzyme activity:  

   Different volumes of the crude enzyme extract were used to be included in the enzyme 

reaction. These volumes were 0.1, 0.25, 0.5, 1.0, 1.5, 2.0 & 3.0 ml. Each sample run for 60 min in case 

of A. niger and for 80 min in case of T. viride and at convenient temperature. Finally, the enzyme 

activity for each sample was determined. 

H. Effect of substrate concentration on the enzyme activity: 

   Different concentrations of substrate (citrus pectin) were prepared. These concentrations 

were 0.5,1.0, 1.5, 2.0 and 3.0% w/v. Each concentration was introduced in each sample reaction and 

incubated for the suitable time at suitable temperature. Each enzyme activity was evaluated for each 

sample. 

RESUITS and DISCUSSION  
Effect of gamma radiationon exo-polygalacturonases   production: 

   The effect of gamma radiation doses was carried out on the the two selected fungal isolates 

Trichoderma viride and Aspergillus niger. This study aimed to assay if radiation is valuable and 

significant on the production of exo-PG from the selected fungal genera under study or not and also 

with which doses this is true. 

   Data in Table (1) revealed that exposure of spore suspension of T. viride to gamma radiation 

at 0.25kGy led to a higher enzyme activity and a higher production of reducing sugars (31.03 U/ml 

and 6.65 µM/ml, respectively) compared to the non-irradiated spore suspension or those exposed to 

the other doses. On the other hand, the dry weight of T. viride showed the highest value (2.46 

g/100ml) using the non-irradiated spore suspension and by increasing the irradiation dose levels there 

was a significant decrease of the dry growth weight. 

     Table (1):Effect of different γ-radiation doses on exo-polygalacturonase production by Trichoderma viride 

& A. niger grown on BMM broth with1% citrus pectin. 

 

Radiation 

dose 

(kGy) 

Trichoderma viride Aspergillus  niger 
Reducing 

sugar            

(µM/m) 

Enzyme 

activity 

(U/ml) 

Dry      

growth 

weight 

(g/100ml) 

Reducing    

sugar 
(µM/ml) 

Enzyme 

activity   

(U/ml) 

Dry 

growth 

weight       

(g/l00ml) 
0.00 5.68 26.5 2.46 10.92 54.6 5.17 

0.25 6.65 31.03 0.96 12.77 63.88 4.75 

0.50 4.86 22.71 0.38 12.30 61.59 3.94 
0.75 4.10 19.15 0.27 10.71 50.74 3.27 

1.00 3.51 16.38 0.13 9.98 46.58 1.79 

1.50 3.35 15.62 0.07 8.29 38.69 0.86 

2.00 2.28 10.65 0.03 5.36 25.00 0.69 

        Inoculum size 1.0 % spore suspension (4 x10 6  cfu/ml). 
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  The exposure of A. niger spore suspension to 0.25 kGy led to higher production of both 

enzyme activity and amount of reducing sugars (63.88 U/ml & 12.77µM/ml respectively) Table, 1. 

The effect of gamma radiation on the dry weight of A. niger was shown in the same table; the highest 

dry weight (5.17 g/100ml) was also obtained from the non-irradiated spore suspension as compared 

with the irradiated spores. 

  The attained results revealed that γ-irradiation of spore suspension with 0.25 kGy was found to 

be a stimulator for exo-polygalacturonase production by both T. viride or A. niger 

. 

 (2) Characterization of the PG enzyme preparations: 

  Extended study on the characters of crude enzyme extracted from T. viride or A. niger was 

done which includes the following parameters 

2-1- Effect of incubation temperature of enzyme reaction on enzyme activity: 

  T. viride extract showed a requirement of 50°C as the EA was (34.32 U/ml) Table(2). A. niger 

extract differed as it required an enzyme reaction temperature of 45°C with best EA (64.12 U/ml) 

Table(2). 

 Table (2): Effect of different incubation temperatures of the enzyme reaction on exo-polygalacturonase 

activity produced by T. viride & A. niger irradiated at 0.25 kGy. 

Temperature 

degrees 

(°C) 

T. viride A. niger 

Reducing sugars 

 (µM/ml) 

Enzyme 

activity 

(U/ml) 

Reducing sugars 

 (µM/ml) 

Enzyme 

activity 

(U/ml) 

20 4.80 22.47 9.494 47.471 

30 5.68 26.59 10.517 52.588 

40 6.21 29.09 11.66 58.3 

45 6.93 32.44 12.82 64.12 

50 7.32 34.32 12.568 62.862 

60 5.31 24.85 10.6 50.0 

   Among the PGases obtained from different microbial sources, most have optimal temperature 

range of 30–50°C
(14)

. Also 
(15)

 stated that maximum EA of PG for A. niger MUIG 16  had an ideal 

temperature 40°C for the enzyme reaction. Results recorded within this study coincided with the 

researchers records. 

2-2- Effect of incubation time of enzyme reaction on enzyme activity:    

  Second parameter studied was the incubation time of enzyme reaction. The best incubation 

time of enzyme reaction in case of T. viride extract was 80 min ( 39.40 U/ml)  Table(3). However, it 

was also recorded that A. niger extract demanded 60 min for best PG activity of 71.00 U/ml . It was 

observed that by increasing the incubation time up to 120 min there was a significant decrease in EA. 
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Table(3):  Effect of different incubation periods of  enzyme reaction on exo-polygalacturonase activity 

produced by T.  viride & A. niger irradiated at 0.25 kGy 

Incubation  

time 

(min) 

T.  viride A. niger 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme activity 

(U/ml) 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

10 2.55 12.03 6.67 33.35 

20 7.32 34.00 12.82 64.12 

30 7.89 36.65 13.20 66.04 

40 7.98 37.65 13.38 66.92 

50 8.05 37.94 13.84 69.20 

60 8.12 38.32 14.20 71.00 

70 8.31 39.21 12.68 63.40 

80 8.76 39.40 12.15 60.77 

90 7.55 35.62 10.00 49.98 

100 6.98 32.94 8.54 42.72 

120 6.20 29.71 6.84 34.19 

 Similarly, A. niger CECT 2088 had its maximum endopolygalacturonase activity with 1 h 

reaction time at 46°C and pH 4.8 
(16)

. 

2-3- Effect of pH of reaction medium on Enzyme activity: 

 Results for the effect of pH on the enzyme reaction are presented in Table(4). Exract from T. 

viride showed best enzyme activity at pH 5.0 with EA(39.40 U/ml). By increasing the pH value from 

3.0-5.0, EAs elevated gradually.While, from pH5.5 the EAs decreased being almost non-measurable 

within pH 7-9. A. niger showed best enzyme activity at pH 5.0 with EA 71.00 U/ml (Table 4). That 

was in accordance with 
(15)

 as they reported that A. niger MUIG 16 needed pH 4.5 as the optimum 

enzyme reaction pH for best PG production. Also two endo-PGases (PG I and PG II), isolated from 

Aspergillus niger have optimal pH range of 3.8–4.3 and 3.0–4.6, respectively 
(14)

. 

      Table(4): Effect of different pH values of enzyme reaction on exo-polygalacturonase activity 

produced by T. viride & A. niger irradiated at 0.25 kGy. 

Reaction 

pH 

T. viride A. niger 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

3.0 3.91 19.57 8.42 42.14 

3.5 4.55 22.77 8.83 44.39 

4.0 5.02 25.10 10.31 51.53 

4.5 6.41 32.03 13.29 66.44 

5.0 8.76 39.40 14.20 71.00 

5.5 5.95 29.75 9.54 47.68 

6.0 2.71 17.23 8.04 40.20 

6.5 1.10 5.50 2.46 12.29 

7.0 0.61 3.07 1.04 5.22 

8.0 0.17 0.88 0.58 2.92 

9.0 0.06 0.28 0.11 0.53 
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2-4- pH stability of the enzyme activity: 

  The enzyme activity of T. viride extract showed its best value of 39.40 U/ml at pH 5.0 after 80 

min of incubation (Table 5). The enzyme activity kept about 43.74% of its value when the pH was 

increased to 6.0 as EA was (17.23 U/ml). By increasing the pH value to 9.0 the enzyme activity was 

lost by about 99% compared to the activity at pH 5.0. In case of A. niger, the best enzyme activity was 

at pH 5.0 (64.33 U/ml & 49.98 U/ml) after 60 and 80 min, respectively (Table 6). The activity 

decreased by 43.4 % at pH 6.0 after 60 min. The decrease continued till the alkaline pH 9.0 as the 

activity lost by 99.2 % after 60 min. In the acidic pH, T. viride extract lost about 50 & 36.3 % of the 

activity at pH 3.0 & 4.0, respectively after 80 min. While, A. niger extract lost about 40.5 & 27.5 % of 

the activity at pH 3.0 & 4.0, respectively after 60 min. That was in agreement with results found by 
(17)

 

observed that the PGase produced by  

   Trichoderma harzianum was very stable at pH 5.0 and retained 49% and75% of its activity at 

pH 4.0 and 6.0, respectively. The enzyme lost about 70–80% of its activity at pH 3.0 and pH’s from 

7.0 to 11. The same optimum pH was reported for PGs from Asergillus niger 
(18)

.  

Table(5): Effect of different pH values of enzyme reaction on exo-polygalacturonase activity produced by 

T.  viride irradiated at 0.25 kGy after 60& 80 min.  

Reaction 

pH 

 

 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme activity 

(U/ml) 

Recovery 

of enzyme 

activity 

% 

60  

Min 

80 

 Min 

60  

min 

80  

min 

60 min 80 

min 

3.0 3.70 4.20 17.24 19.57 44.90 49.70 

4.0 2.81 5.38 13.12 25.10 34.00 63.70 

5.0 8.22 8.45 38.32 39.40 100.00 100.00 

6.0 2.76 3.69 12.89 17.23 33.60 43.70 

7.0 0.54 0.66 2.53 3.075 6.60 7.80 

8.0 0.18 0.19 0.85 0.88 2.20 2.20 

9.0 0.13 0.06 0.63 0.28 0.64 0.70 

Table(6): Effect of different pH values of enzyme reaction on exo-polygalacturonase activity 

produced by A. niger irradiated at 0.25 kGy after 60& 80 min. 

Reaction 

pH 

 

 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme activity 

(U/ml) 

Recovery 

of enzyme activity 

% 

60  

Min 

80 

 min 

60  

min 

80  

min 

60  

Min 

80 min 

3.0 8.22 7.29 38.34 34.01 59.50 68.00 

4.0 10.01 7.57 46.69 35.32 72.50 70.60 

5.0 13.79 10.72 64.33 49.98 100.00 100.00 

6.0 7.81 6.80 36.42 31.74 56.60 63.50 

7.0 1.12 3.79 5.22 17.66 8.00 35.00 

8.0 0.63 2.99 2.92 13.97 4.50 27.90 

9.0 0.11 2.64 0.53 12.34 0.82 24.70 
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2-5- Thermal  stability of the enzyme activity: 

The enzyme activity of T. viride extract was at its tenzyme activity lost by about 15 %, 28 % & 

39 % at 60, 70 & 80°C, respectively. The enzyme activity of A. niger also decreased when compared 

with the ideal reaction temperature. The best reaction temperature was 45°C after 60 min of incubation 

as the enzyme activity was 71.00 U/ml Table(8). The enzyme activity decreased by 14.4 %, 37.6 %, 

46.1 % and 59.4 % at  50, 60, 70 and 80°C. Similar results were recorded with T. reesei PG1 and PG2 

which were stable up to 40 and 50◦C, respectively
 (19)

. For  A. niger PG, the optimum activity occurred 

at 40°C. From 30° to 40° C the rate exponentially increases. At about 50°C the activity drops rapidly 
(20)

. 

Table (7):  Effect of different temperature degrees of enzyme reaction on exo-polygalacturonase activity 

produced by T. viride irradiated at 0.25 kGy after 60& 80 min.  

Reaction 

temperature 

(°C) 

 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme activity 

(U/ml) 

Recovery 

of enzyme activity 

% 

60  

Min 

80 

 Min 

60  

min 

80  

Min 

60 min 80 min 

30 6.19 5.84 29.23 27.57 76.20 69.90 

40 6.93 5.57 32.71 26.29 85.40 66.70 

45 7.65 8.02 36.08 37.41 94.20 94.90 

50 8.12 8.76 38.32 39.40 100.00 100.00 

60 5.92 7.14 27.92 33.66 72.80 85.40 

70 3.84 5.71 18.10 26.95 47.20 68.40 

80 

 

2.84 4.91 13.40 23.19 34.90 58.80 

Table (8): Effect of different temperature degrees of enzyme eaction on exo-polygalacturonase activity 

produced by A. niger irradiated at 0.25 kGy after 60& 80 min. 

Reaction 

temperature 

(°C) 

 

 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme activity 

(U/ml) 

Recovery 

of enzyme activity 

% 

60  

min 

80 

 min 

60  

min 

80  

Min 

60 min 80 min 

30 11.85 7.53 59.28 35.27 83.50 70.50 

40 12.35 10.11 61.75 47.32 86.90 94.60 

45 14.20 10.68 71.00 49.99 100.00 100.00 

50 12.16 10.00 60.79 46.81 85.60 93.60 

60 8.87 6.88 44.34 32.20 62.40 64.50 

70 7.66 5.28 38.29 24.73 53.90 49.50 

80 5.77 4.19 28.83 19.60 40.60 39.20 

2-6- Effect of metal ions on the enzyme activity: 

It was found in the current study that Mn
2+

 was stimulator for T. viride in both concentrations 1 

& 5 mM as the enzyme activity was 43.50 & 41.12 U/ml Table(9). It is clear that the concentration 

5mM of Mn
2+

 was more stimulating than 1mM. All other ions were depressors and inhibitors when 

compared with the sample without any treatment of ions. From Table 10, it clear that  A. niger crude 

extract enzyme showed an affinity towards Mn
2+ 

at concentration 1mM & 5mM,  as the enzyme 

activities were 75.84 and 73.15 U/ml, respectively. Also, from Table(10) it was noticed that the other 
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metal ions at conc. 1 & 5 mM, lowered greatly the enzyme activity of A. niger. The effect of different 

metal cations at the concentration of 1mM on T. harzianum PGII assay system  revealed that all the 

examined metal cations showed different and partial inhibitory effects on the activity of enzyme 

except for Mn
2+

 and Co
2+

 were completely inhibited the polygalacturonase activity 
(17)

. The activity of 

Sporotichum thermophile Apinis PG was stimulated by Fe
2+

 and Mn
2+

 at both 1 and 5 mM, while 

Ca
2+

 and Cu
2+

 stimulated only at 1 mM, and inhibited at 5 mM. Mg
2+

 strongly inhibited enzyme 

activity 
(21)

.  

Table (9): Effect of metal ions with 1mM & 5mM concentration included in the enzyme reaction on exo-

polygalacturonase activity produced by  T.viride irradiated at 0.25 kGy 

Metal ion 

as sulfate 

salt 

1mM concentration         5mM concentration 

Reducing sugars 

 concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

Reducing sugars 

 concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

Control 8.45 39.40 8.45 39.40 

Zn
2+

  7.55 35.23 7.94 37.05 

Cu
2+

 7.39 34.48 7.73 36.07 

Fe
2+

 6.99 32.61 7.96 37.11 

Mn
2+

 9.33 43.50 8.82 41.12 

Mg
2+

 7.76 36.21 7.35 34.30 

Ca
2+

 7.75 36.13 7.46 34.80 

                metal ions in the form of sulfate salt  

 

Table (10): Effect of metal ions with 1mM & 5mM concentration included in the enzyme reaction 

on exo-polygalacturonase activity produced by  A. niger  irradiated at 0.25 kGy 

Metal 

ion as 

sulfate 

salt 

1mM concentration       5mM concentration 

Reducing sugars 

 concentration 

(µM/ml) 

Enzyme activity 

(U/ml) 

Reducing sugars 

 concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

Control 15.22 71.00 15.22 71.00 

Zn
2+

  14.45 67.39 15.12 70.53 

Cu
2+

 13.48  62.88 15.31 71.39 

Fe
2+

 14.13 65.91 14.82 69.13 

Mn
2+

 16.26 75.84 15.68 73.15 

Mg
2+

 8.54 39.82 14.58 68.02 

Ca
2+

 15.02 70.05 15.54 72.50 

                 metal ions in the form of sulfate sal 

2-7- Effect of enzyme extract volume on the enzyme activity: 
 The best volume of crude enzyme extract was 3.00 ml in case of T. viride as the enzyme 

activity was 49.36 U/ml (Table, 11). The lowest enzyme activity was recorded when 0.1 ml of crude 

extract was used in the enzyme reaction. It was noticed that the enzyme activity and the reducing sugar 

concentration was increased by increasing the volume of the enzyme within the reaction mixture. The 

best enzyme volume in case of A. niger included in the enzyme reaction was 2.00 ml with enzyme 
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activity 84.85 U/ml (Table,11). It was noticed that the enzyme volumes of 1.00 ml, 1.50 ml and 

2.00ml were close and approximately had the same effect on the enzyme activity as the enzyme 

activities were 84.10, 84.37 and 84.85 U/ml respectively. By increasing the enzyme volume, the 

enzyme activity increased. The enzyme activity decreased with 3.00 ml of enzyme activity as it was 

83.61 U/ml. 

Table (11):  Effect of different enzyme extract volumes on exo-polygalacturonase activity produced by T. 

viride& A. niger irradiated at 0.25 kGy. 

Enzyme 

extract 

volume 

(ml) 

T. viride A. niger 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

0.10 8.45 39.40 15.22 71.00 

0.25 9.04 42.17 15.50 72.32 

0.50 9.70 45.22 16.21 75.60 

1.00 9.98 46.57 18.03 84.10 

1.50 10.13 47.24 18.09 84.37 

2.00 10.26 47.84 18.19 84.85 

3.00 10.58 49.36 17.93 83.61 

2-8- Effect of substrate concentration on the enzyme activity: 

 Table 12 show that T. viride enzyme extract showed its highest enzyme activity (54.52 U/ml) 

with substrate concentration 1.5 %. By increasing the substrate concentration from 0.5 % up to 1.5 %, 

the enzyme activity increased gradually. Beyond the substrate concentration 1.5 % the enzyme activity 

decreased but to a little extent not dramatic one. The lowest enzyme activity (44.70 U/ml) was 

recorded with substrate concentration of 0.5 %. In case of A. niger crude extract, by increasing the 

substrate concentration, the enzyme activity increased all over the covered range from 0.5 % till 3% 

(Table 12). The maximum enzyme activity (98.09 U/ml) was reported with substrate concentration 3% 

while the lowest EA (82.79 U/ml) was recorded with  0.5%. 

Table(12):  Effect of different substrate concentrations on exo-polygalacturonase activity produced by T. 

viride & A. niger irradiated at 0.25 kGy. 

Substrate 

conc. 

% 

(w/v) 

T. viride A. niger 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

Reducing sugars 

concentration 

(µM/ml) 

Enzyme 

activity 

(U/ml) 

0.5 9.58 44.70 17.75 82.79 

1.0 10.58 49.36 18.19 84.85 

1.5 11.69 54.52 19.23 89.69 

2.0 11.60 54.12 20.81 97.06 

3.0 11.48 53.54 21.03 98.09 
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خصائص انزين اكسو جالكتويورينيزالونتج بواسطة جراثين فطرى اسبرجلس نيجر وترايكودرها فيردى خصائص انزين اكسو جالكتويورينيزالونتج بواسطة جراثين فطرى اسبرجلس نيجر وترايكودرها فيردى 

  الوعاهلة باالشعاعالوعاهلة باالشعاع

 * نيرهين جوعه** عادل الوحالوى* - هشام سويلن– *بثينة  هحود يوسف 

 
ٍصز . هيئت اىطبقت اىذريت- قظٌ  اىَينزوبيىىىصيب االشؼبػيه ببىَزمش اىقىٍي ىبغىد و حنْىىىصيب االشؼبع*

.صبٍؼت ػيِ شَض - مييت اىؼيىً- قظٌ اىَينزوبيىىىصي**

 

 ػشىت ٍِ عيذ قذرحهب ػيً حنظيز اىبنخيِ و اعذاد حغييز فً اىيشوصت و اّخبس 69حٌ اخخيبر أفضو ػشىخبُ فطزيخبُ ٍِ بيِ 

و االخزي  (ٍؼشوىت ٍِ ٍخيف بْضز اىظنز)وحٌ حؼزيفهب ػيً اّهب طالىت ٍِ اطبزصيض ّيضز  . اىظنزيبث اىَخخشىت فً بيئت اىَْى 

. (ٍؼشوىت ٍِ ٍخيف قشز اىَىس  )حزاينىدرٍب فيزدي 

وقذ وصذ اُ اىَؼبٍيت بضزػت .  ك صزاي 3   و حٌ ٍؼبٍيت ٍؼيق صزاريٌ مال اىفطزيِ بضزػبث ٍخخيفت ٍِ أشؼت صبٍب حصو اىً 

 ك صزاي ىهب حأريزٍغفش  الّخبس اّشيٌ امظىصالمخىيىرّيش ٍِ فطز حزاينىدرٍب فيزدي بيَْب حزاوعج اىضزػت اىَزيً 25.0قذرهب 

.  ك صزاي ببىَقبرّت ببىَؼيق اىضزرىًٍ غيز اىَشغ 50.0 ــ 25.0الّخبصه ٍِ فطز اطبزصيض بيِ 

:-             وبذراطت خصبئص االّشيٌ احضظ ٍب ييً 

ً ىيَظخخيص ◦ 45ً ببىْظبت ىالّشيٌ اىَْخش بىاططت حزاينىدرٍب فيزدي بيَْب مبّج ◦ 50درصت عزارة اىخغضيز اىَزيً مبّج  

. االّشيًَ اىَْخش بىاططت اطبزصيض ّيضز

 دقيقت ببىْظبت ىيَظخخيص االّشيًَ ىفطزي 60 ــ 50,  دقيقت 80 ــ 70أفضو فخزة ىيخغضيِ ىيخفبػو االّشيًَ حزاوعج بيِ  

 . اطبزصيض ّيضزػيً اىخىاىً , حزاينىدرٍب فيزدي 

  .pH 5مبُ أفضو أص هيذروصيًْ ىيخفبػو االّشيًَ ىنو ٍِ اىَظخخيصيِ ػْذ رقٌ  

ٍِ دراطت حأريز وصىد بؼض االٍالط اىَؼذّيت وصذ اُ طيفبث اىَْضْيش مبُ ىهب حأريز ٍغفش ىْشبط االّشيٌ اىَظخخيص ٍِ مال  

. اىفطزيِ بيَْب ٍؼظٌ االٍالط االخزي مبُ ىهب حأريز ٍزبظ 

 . ٍو ىفطزي حزاينىدرٍب فيزدي و اطبزصيض ّيضز ػيً اىخىاىً 2,  ٍو 3وصذ اُ أفضو عضٌ ٍِ اىَظخخيص االّشيًَ مبُ  

. ىفطزي حزاينىدرٍب و اطبزصيض ّيضز ػيً اىخىاىً  % 3.0 , 1.5مبّج  (بنخيِ اىَىاىظ  )وصذ أُ أفضو ّظبت ٍِ ٍبدة اىخفبػو  

و ػيً ضىء حيل اىْخبئش يَنِ اخخيبرأفضو اىظزوف ىيغصىه ػيً اىنفبءة اىَزيً ىْشبط اىَظخخيص  االّشيًَ                                    

ىفطزي حزاينىدرٍب فيزدي و اطبزصيض ّيضز

 


