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INTRODUCTION 

A Global System for Mobile Communication (GSM) recharge card is a kind of 

scratch card. Used GSM recharge cards are used recharge vouchers for airtime 

on a prepaid SIM card which simply supply code numbers which one uses in a 

simple automated procedure to apply for talk time credit. The major raw material 

for all paper works is cellulose fiber 1. The major component of GSM recharge 

card is cellulose. It also contains ink of different colours, scratch film and 

platinum. The GSM recharge vouchers in use in Nigeria are MTN, GLO, Airtel, 

Etisalat, Visafone, Multilinks and Starcom. The used vouchers pose enormous 

problem to the environment and are in many cases disposed of using 

environmentally unfriendly methods like burning 2. Fortunately, this waste is 

bioegradable and cellulase plays very major role in its biodegradation processes 
3. 

Cellulose has the potential, through microbial degradation of transforming 

cellulose wastes into their energy-rich monomeric building blocks which can 

serve as substrates in chemical, pharmaceutical, agricultural, food and feed 

industries 4. Bacteria and fungi constitute the major producers of cellulase in 

Abstract: The use of Aspergillus species and Penicillium species to produce cellulose enzymes 

from used GSM recharge card was investigated. Penicillium sp induced highest exoglucanase and 

β-

6th day of fermentation. An initial medium pH of 3 was optimum for the enzymes induction by 

both isolates excepting β-Glucosidase for which pH 5 was optimum. The enzyme induction was 

highest with the 0.25mm particle size and lowest with the highest particle size of 2mm. The Zn2+ 

enhanced highest enzyme production while Mn2+ inhibited the induction of the enzymes. 

Inorganic nitrogen sources were better enzyme inducers than organic nitrogen. Ammonium 

Nitrate at 3g/L concentration gave the highest activity for the enzymes . 

Key words: GSM Recharge Cards, Utilization, Penicillium SP, Aspergillius SP. 

ORIGINAL ARTICLE                                          Received 13 Jul. 2014                                        Accepted 2 Sep. 2014 

 



Utilization of Used Global System for Mobile… 

nature 5. However, filamentous fungi are attracting greater attention than 

bacteria as potential sources of this enzyme, because they have been found to 

elaborate higher enzyme levels into the culture media 6. 

Production of cellulose by mesophilic filamentous fungi especially species of 

Aspergillus, Fusarium, Penicillium, Trichoderma and Sporotrichum has been 

reported 7. Thermophilic species have also been studied in this regard. Some of 

them include Thermoascus aurantiacus, Chaetomium thermophile, Humicola 

insolens, Sporotrichum thermophile, Melanocarpus sp. and Aspergillus species 

are known to be good cellulose producers 8. 

The littering of used GSM cards in cities and the release of some compounds 

like styrene, benzene, toluene and acrolein into the environment when they are 

thermally degraded1 constitutes environmental challenge. The conversion of 

these used cards for economic advantage especially by microorganisms has not 

been reported. Since the major raw material of used GSM cards is cellulose, it is 

possible to generate a process that will not only bring out their secondary 

economic values but will also bring about their safe disposal and removal from 

the environment. The objective of this work was to use Penicillium species and 

Aspergillus species to produce cellulase enzymes from used GSM cards and bring 

about its safe disposal and removal from the environment. 

 

MATERIAL AND METHODS 

 

Preparation of carbon source 

Used GSM recharge cards were sourced from different telephone stalls in 

Awka metropolis. They were pretreated by reducing the physical size using an 

electric blender. The shredded paper was sieved to small particle sizes of 

0.25mm, 0.5mm, 0.1mm, and 2mm in diameter. These pulverized materials were 

stored in individual clean dry air-tight polythene bags at room temperature until 

required for use. 

 

Isolation of microorganisms 

Aspergillius species and Penicillium species used in the work were sourced 

from goat droppings and soil samples. Six grammes of the shredded used GSM 

recharge card was dispensed in duplicates in 250ml Erlenmeyer flasks each 

containing an enrichment mineral salt medium (here after called medium F) 

made up of NaN03 (3g/L), K2HPO4 (1g/L), MgS04. 7H2O (0.5g/L), KCL (0.5g/L), 

FeSO47H2O. (0.01g/L) supplemented with 12mg/ml chloramphnicol to suppress 

the growth of bacteria. The medium was then autoclaved at 121oC and 15lb for 

15 minutes and cooled. One gramme of the inoculum source sample was 

dispensed in 50ml of the sterile medium F in 250ml. Erlenmeyer flasks and 

incubated in a Stuart S150 orbital shake incubator set at temperature of 28oC for 

7 days at 150 revolutions per minute (rpm). 
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The broth culture was thereafter used to inoculate plates of solid medium F 

(15g agar in 500ml medium F) and incubated for 7days at room temperature. The 

isolates were thereafter identified using cultural, morphological and microscopic 

properties and also through the use of pictorial colour atlas of fungi 9. 

 

Screening for utilization of used GSM recharge cards 

Six grammes of used GSM recharge card homogenate of particle size 

0.25mm was dispensed in each of duplicate 250ml Erlenmeyer flasks containing 

150ml of medium F supplemented with agar (15g/L). The flasks were then 

autoclaved at 121oC for 15 minutes and on cooling the medium was dispensed 

into Petri dishes and allowed to gel. Seven day old slant cultures of the test 

organisms were point inoculated at the centre of the gelled agar plates. A control 

was prepared as in above but without any inoculation. The plates were incubated 

for 15days. The diameter of the single colony growth was measured on three 

days intervals using a calibrated meter rule. 

 

Cellulase production 

Six grammes of the used GSM recharge cards homogenate of the particle 

size of 0.25mm were dispersed in duplicate into 250ml of medium F contained in 

250ml Erlenmeyer flasks. A control was also prepared. The flasks were then 

autoclaved at 121oC for 15 minutes and cooled. Seven day old cultures of the test 

microorganisms were used to inoculate the individual flasks in duplicate. The 

flasks were incubated in an orbital shaker at the temperature of 28oC with speed 

of 150rpm for 7 days. The contents were thereafter centrifuged at 5000rpm for 

20 minutes. The supernatants were used as crude enzymes and stored in the 

freezer at 4oC. 

 

Assay of enzyme activities 

The substrate used to assay for the endoglucanase activity was the 

Carboxymethyl Cellulose, that of the exoglucanase was the Crystalline Cellulose 

(Sigma cell type 20) while Salicin was used for β-Glucosidase activity. Into 0.2ml of 

each substrate was added 0.2ml of the crude enzyme and this was incubated in 

water bath at 40oC for 30 minutes. The reaction was stopped by adding 0.4ml of 

Dinitrosalicyclic acid (DNS) 10.  The test tubes were then heated in boiling water 

(The water was boiling before the test tubes were dropped in) for 10 minutes. On 

cooling 0.8ml of sterile distilled water was added to the tubes. A blank containing 

the substrate and 0.2ml of sterile distilled water was prepared and treated as in 

above. The optical density (OD) was read at 540 absorbance using a 

spectrophotometer. One unit enzyme activity was expressed as the amount of 

enzyme required to release 1 mol of reducing sugar as glucose11. 

 

Effect of fermentation period on enzyme production 

Six grams of used GSM recharge card homogenate of 0.25mm particle size 

was dispersed in duplicate 450ml Erlenmeyer flasks. Each flask contained 150ml 
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of the medium F which was sterilized alongside a control, was inoculated and 

incubated in an orbital shaker at 28oC with the speed of 150rpm for 12 days. 

Daily samples were taken from the flasks and assayed for enzyme activities 10. 

 

Effect of initial pH of the medium on enzyme production 

The pH of the medium F was adjusted to range from pH 3 to pH 11 using IN 

HCL and IN NaOH solution respectively. Six grams of used GSM recharge card 

homogenate of 0.25mm particle size was dispersed in each of duplicate 250ml 

Erlenmeyer flasks containing 100ml of the adjusted medium F for the various pH 

values. The culture media were then sterilized and inoculated with the test 

microorganisms individually in the flasks. They were incubated in orbital shaker 

at 28oC with the speed of 150rpm for 7 days and assayed for enzyme activity. 

 

Effect of particle size on enzyme production 

The used GSM recharge cards was classified into four different particles 

(diameter) size (0.25mm, 0.5mm, 1mm, and 2mm) using metal-mesh sieves of 

(ASTMEL, OHIO) corresponding pore sizes. Six grams of each particle size 

diameter was dispersed in duplicate 250ml Erlenmeyer flasks containing 100ml of 

medium F. The resultant media were sterilized, inoculated, and incubated in a 

shaker at 28oC with speed of 150rpm for 7 days. The enzyme activities were then 

assayed. 

 

Effect of metal ions on enzyme production 

The salts that were used for the tests for the effect of metal ions on the 

enzyme production include CaC12, COCl2, ZnCL2 and MnSO4. Four different 

divalent metal ions: Ca2+, CO2+, Zn2+ and Mn2+ were incorporated at 1mM 

concentrations into individual duplicate 250 Erlenmeyer flasks containing 100ml 

of medium F. Medium F without the test metal ions serves as the control. The 

sterilization, inoculation, incubation and enzyme assayed 12. 

 

Effect of nitrogen sources on enzyme production 

The organic nitrogen sources tested were yeast extract, beef extract and 

bovine blood meal. Ammonium sulphate (NH4)2S04, Ammonium Nitrate 

(NH4N03), Sodium Nitrate (NaN03). Potassium Nitrate (KNO3) and Ammonium 

Chloride (NH4C1) were the inorganic nitrogen sources used. Three grams of each 

nitrogen source was used as the sole nitrogen source to prepare a mineral salt 

medium comprising of six grams of used GSM recharge card homogenate of 

0.25mm particle size; K2HPO4 (1g/L); KCL (0.5g/L); MgSO4 7H2O (0.5g/L); FeSO4 

7H20 (0.01g/L) and Choloramphenicol (0.05mg/L) (hereafter called medium N). 

They were sterilized, inoculated, incubated and the enzyme activities assayed 13 . 

The effects of various physicochemical and catalytic parameter on enzyme 

activities were evaluated using two-way analysis of variance using SPSS 15.0 for 

Windows Evaluation Version Release 2006. All data are the results of duplicate 
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determinations. Analysis-of-variance (ANOVA), Student t-test and Correlation 

were employed to statistically analyse the results 14. 

 

RESULTS  

The rate of utilization of used recharge card as shown by their growth rate in 

recharge card medium is shown in Table 1 while the ability of the test organisms 

to produce cellulase from used GSM recharge card is shown in Table 2. The effect 

of fermentation period on cellulase production is shown in Table 3. The effect of 

pH of the medium on cellulase production is shown in Table 4 while the effect of 

particle size of the used recharge card on cellulase production by the test 

organisms is shown in Table 5. The effect of metal ions on cellulase production 

from used recharge cards by the test organisms is shown in Table 6 while the 

effect of nitrogen sources for cellulase production by the organisms is shown in 

Table 7.  
 

Table 1. Diameter of colony of isolates on used GSM recharge card medium (cm) 

Day Penicillium sp  Aspergillius sp 

Values represent mean of duplicate determinations. 

Table 2. Cellulase production by the test organisms (Cellulase Activity mole/ml)   

Isolate Endoglucanase Exoglucanase β-Glucosidase 

Control 

Penicillium sp 

Aspergillum sp 

  0.001 

  0.132 

  0.573 

  0.002 

  1.981 

  0.103 

  0.001 

  0.453 

  0.187 

Medium F. Values represent mean of duplicate determinations. 

 

Table 3. Effect of fermentation period on cellulose production (Cellulase Activity 

mole/ml) by the test organisms. 

 

Day 

Penicillium species 

Endoglucanase   Exoglucanase   β-

Glucosidase 

Aspergillus species 

Endoglucanase   Exoglucanase   β-

Glucosidase 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.003                       0.019              0.005 

Nd                           Nd                   Nd 

0.028                      0.036               0.044 

0.033                      0.689               0.163 

0.040                      0.055               0.229 

0.140                      1.416               0.247  

0.038                      1.717               0.243 

0.053                      1.082               0.209 

Nd                           Nd                   Nd 

0.043                      0.906               0.190 

0.005                       0.003              0.005                            

Nd                           Nd                   Nd 

0.082                      0.079               0.003 

0.729                      0.097               0.010 

0.089                      0.064               0.028 

0.997                      0.193               0.043  

0.818                      0.088               0.038 

0.736                      0.149               0.034 

Nd                           Nd                   Nd 

0.665                      0.073               0.032 
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11 

12 

0.033                      0.686               0.171 

0.025                      0.078               0.087   

0.306                      0.051               0.022 

0.117                      0.019               0.019   

Values represent mean of duplicate determinations. Nd = Not Determined. 

 

Table 4. Effect of pH of the medium on cellulase production (Cellulase Activity mole/ml) 

by the test organisms. 

 

pH 

Penicillium species 

Endoglucanase   Exoglucanase   β-

Glucosidase 

Aspergillius species 

Endoglucanase   Exoglucanase   β-

Glucosidase 

3 

5 

7 

9 

11 

0.088                       0.153             0.056                    

0.066                       0.045             0.093 

0.039                      0.038              0.022 

0.018                      0.023              0.013 

0.005                      0.003              0.008 

0.138                     0.094              0.071           

0.067                      0.081             0.088 

0.022                      0.045             0.085 

0.018                      0.023             0.067 

0.018                      0.017             0.057  

Values represent mean of duplicate determination. 

 

Table 5. Effect of particle size on cellulase production (Cellulase Activity mole/ml) by the 

test organisms. 

 

Pore 

size 

Penicillium species 

Endoglucanase   Exoglucanase   β-

Glucosidase 

Aspergillius species 

Endoglucanase   Exoglucanase   β-

Glucosidase 

0.25mm 

0.5mm 

1mm 

2mm 

0.196                      1.051             0.440                          

0.142                       0.991             0.140 

0.085                      0.735              0.098 

0.010                      0.661              0.060 

1.087                     0.456              0.267                           

0.151                      0.138             0.138 

0.038                      0.022             0.030 

0.017                      0.014             0.016 

 

Table 6. Effect of metal ions on cellulase production (Cellulase Activity mole/ml) by the 

test organisms. 

Metal 

Ions 

Endoglucanase   Exoglucanase  β-

Glucosidase 

Endoglucanase   Exoglucanase  β-

Glucosidase 

Nil 

Ca2+ 

CO2+ 

Mn2+ 

Zn2+ 

0.030                       0.078             0.047                           

0.028                       0.065             0.068 

0.061                      0.083              0.031 

0.014                      0.034              0.040 

0.112                      0.006              0.844 

0.068                     0.113              0.189                           

0.060                      0.129             0.313 

0.060                      0.272             0.034 

0.087                      0.111             0.187 

0.879                     0.428             0.536  

Values represent mean of duplicate determinations. 

 

Table 7. Effect of nitrogen sources on cellulase production (Cellulase Activity mole/ml) 

in the test organisms. 

 Inorganic    

Nitrogen 

Penicillium species 

Endoglucanase Exoglucanase β-

Glucosidase 

Aspergillus species 

Endoglucanase  Exoglucanase   β-

Glucosidase 
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NH4C1 

 

KNO3 

 

NaN03 

 

(NH4)2S04 

 

NH4N03 

 

Yeast Extract 

Bovine 

Blood Meal 

Beef Extract 

0.020                     0.431             0.09 
                             

0.019                     0.345             0.088 
 

0.083                     0.537             0.240 
 

0.096                     0.902             0.212 
 

0.021                     1.050             0.292 
 

0.023                     0.078             0.087  
 

0.014                     0.086             0.074 
 

0.012                     0.067             0.073 

    0.130                     0.215              0.098 
                             

    0.000                     0.000              0.000 
 

    0.132                     0.304              0.102 
 

    0.196                     0.313              0.141 
 

    0.239                     0.511              0.137 
 

    0.095                     0.045              0.034  
 

    0.022                     0.062              0.075 
 

    0.011                     0.041               0.032 

Values Represent Mean of Three Determinations 

 

DISCUSSION  

The test microorganisms showed significant growth on mineral salt agar 

containing extracts of the used GSM recharge card as sole carbon source. This 

obviously is because those organisms produced cellulose enzyme that digested 

the cellulose content of the recharge card and enabled the organisms to use the 

recharge card as a substrate for growth. The test organisms produced both 

endoglucanase exoglucanase and β-glucosidase to a reasonable quantity that 

may encourage their utilization in mass production of those enzymes using used 

GSM recharge cards. It is thus obvious that these organisms can also be used 

effectively in the decomposition and degradation of used recharge cards that 

litter the environment. The result showed that Penicillium species showed higher 

exoglucanase and β-glucosidase activity than Aspergillius species while 

Aspergillius species showed higher endoglucanase activities (Table 2). The 

production of cellulase enzymes from diverse sources by Aspergillius species and 

Penicillium species have severally been reported 15,16,17,18. It is therefore not 

surprising that the two test microorganisms produced cellulose that showed 

relatively high activity on used GSM card substrate. 

The fact that Penicillium species produced higher level of exoglucanase and 

β-glucosidase while Aspergillius species produced endoglucanase activity 

suggests that synergism between fungi cellulase components during hydrolysis of 

cellulose can effect extensive hydrolysis of cellulose as earlier reported 19
. 

Aspergillius species elaborated highest enzyme activity at the 6th day of 

fermentation (Table 3). This observation agrees with the report of Ali et al. 16 who 

reported a maximum yield of cellulase activity from Aspergillius terreus on water 

hyacinth matrix at the 6th day of the fermentation period. The weak positive 

correlation in the statistical analysis of the two isolates implies that the increase 

in the number of days does not necessarily lead to increase in enzyme 

production. 
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The highest production of endoglucanase and exoglucanase was realized at 

an initial medium pH3 while pH5 was optimum for β-glucosidase (Table 4). This 

observation was also noted by Mishra and Rao 11 who reported that 

hemicellulase and cellulose production by most fungi is drastically affected by 

minor shift in initial medium pH. The used recharge card gave fairly good 

cellulase activities within the pH5-pH7 and this is an advantage from the point of 

view of adaptability for industrial production purpose. 

Higher induction of endoglucanase, exoglucanase and β-glucosidase 

activities were obtained using the smallest particle size of 0.25mm. This result is 

expected because smaller particle size increased the surface area for action of 

the enzymes. This also agrees with the observation of Dasari 20 who worked on 

effect of particle size on hydrolysis reaction rates and rheological cellulosic 

slurries. 

Different metallic ions tested and nitrogen from different sources affected 

the endoglucanase, exoglucanase and β-glucosidase activities respectively (Table 

6 and 7). This result is expected as certain metallic ions are known to inhibit 

enzyme activities while some others increase enzyme activities. Ali et al., 16 Forbes 

and Dickkinson 13 made a similar report when they worked on effect of 

temperature, pH and nitrogen on cellulolytic activity of Fusarium arenaceum. 
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