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ABSTRACT 

 
Banana peel was used as a carbon source to produce cellulases and 

cellobiase in shake flask cultures by A. niger.  Peak cellulases and cellobiase 
activities were obtained on the 6th day of fermentation.  The temperature and pH 
influenced the yield of enzymes.  The maximum cellulase activities were recorded at 

30C and pH 5.0.  The maximum rate of enzyme activities was obtained when A. niger 

was grown on 1.5% banana peel.  Deprivation of ammonium sulphate, peptone or 
nitrogen source as whole inhibited cellulolytic enzyme formation.  The maximum 

enzyme activities were recorded at 40C except cellobiase, which had maximum 

activity at 30C.  The optimum pH of CMCase, FPase and cellobiase was 5.5, 6.5 and 
5.5, respectively.  The maximum CMCase and cellobiase activities were detected 
after 1 h, whereas the maximum FPase was detected after 16 h.  More than 50% of 

CMCase, FP-activity and cellobiase retained at 60, 70 and 60C, respectively. 
Keywords: Banana peel, cellulolytic enzymes, Aspergillus niger, carboxymethyl 

cellulase, filter paper-ase, cellobiase. 

INTRODUCTION 

A. niger, a well-known fungus for the production of cellulolytic 
enzymes, is used in a many projects on cellulose utilization.  The main 
purpose for investigating the production of cellulases is to turn the production 
of glucose and single cell protein from cellulosic wastes into an economically 
feasible process (Youssif, 1996).  Work on cellulases production aims at 
increasing enzyme productivity in order to reduce the price of cellulose 
utilization processes (Abd-El Naby, 1988). 

The range of research topics includes also medium composition and 
cultured control optimization. However, the search on cheap waste for 
cellulase production is of a great importance.Agroindustrial and food-
processing wastes are available in staggering quantities, which largely 
become a source of heath hazard.  The majority of these wastes contain 30-
40% cellulose (Deschamps and Huet, 1985).  The use of these wastes for the 
production of cellulases development a cheaper cellulase for use in many 
purposes (Abd-ElNaby, 1988).  

In this study, therefore, cellulases production by A. niger using 
banana peel was examined.  This was for obtaining a cheaper carbon 
substrate.  The optimum temperature and pH for the activity were also 
established. 

MATERIALS AND METHODS 

Organism: 
A. niger used in this study was obtained from Agric. Microbiol. Dept., 

Fac. of Agric., Mansoura Univ., Egypt.  The culture was propagated and 
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maintained on Potato Dextrose Agar (PDA) slants at 4C and subcultured at 
monthly intervals. 

Propagation: 
Spore suspension of 7-day old cultures, containing 6.5 x 106 

spores/1ml in 0.8% NaCl solution, was used as inoculum. 

Production of celluloytic enzymes: 
A series of 500 ml Erlenmeyer flasks, each containing 100 ml of 

Chen and Wayman liquid medium, 1991, (pH 5.0), were sterilized at 121C 
for 15 min and inoculated with 1 ml of spore suspension.  Cultivation was 
performed on a rotary shaker (180 rev./min).  Unless otherwise stated, the 
cultures were harvested on the 6th day of growth by filtration through glass 
wool filter and then centrifuged.  The clear supernatants were used for 
enzyme assays.  Some factors affecting enzymes production by Aspergillus 
niger such as time course, incubation temperature, pH of culture medium and 
banana peel concentration and nitrogen source giving up were studied. 

Enzyme assays: 
Enzyme activities were determined on filtrate samples by measuring 

the released sugars from substrates.  Enzyme activities are expressed as 
international unit (U), which is defined as micromoles of glucose produced 
per min under the assay conditions. 

CMCase activity: 
CMCase activity was done according to the method of Mandels and 

Weber 1969).  0.5 ml diluted enzyme solution was added to 0.5 ml of 1.0% 
carboxymethylcellulose (CMC) in 0.05 M citrate-phosphate buffer (pH 4.8).  

Incubation of the reaction mixture was performed for 30 min at 40C.  The 
released reducing sugars were determined. 

Filter paper activity (FPase): 
This was done according to the method of Mandels and Sternberg 

(1976).  To 50 mg (1x5 cm) of Whatman No. 1 filter paper 1.0 ml of 0.05 M 
citrate phosphate buffer pH 4.8 and 1 ml of diluted culture filtrate were added.  
The paper strip was coiled by touching the tube to a vibratory mixer.  The 

reaction mixture was incubated at 40C for 30 min.  Released reducing 
sugars were determined. 

Cellobiase activity: 
The assay was performed by a modification of the method described 

by Berghem and Patterson (1974) as follows: to 1.0 ml of 0.4% cellobiose 
dissolved in 0.05 M citrate-phosphate buffer (pH 4.8), 0.5 ml diluted culture 

filtrate was added.  The reaction mixture was incubated at 40C for 15 min.  
The reaction was stopped by heating the reaction mixture in a boiling water 
bath.  The glucose released was determined. 

Determination of reducing power: 
The amount of reducing power was determined by the method of 

Nelson (1944) and Somogyi (1952) with glucose as a standard. 
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RESULTS AND DISCUSSION 

The first part of this work deals with the production of cellulases and 
cellobiase by A. niger using banana peel as the sole carbon source in the 
basal culture medium  

Effect of time-course: 
The production of cellulolytic enzymes from the used fungus as a 

function of incubation time was determined in order to determine suitable 
sampling intervals for further experiments.  The time-course of enzyme 
production by A. niger is shown in Fig. (1).  The results showed that the 
enzymes were maximized in their productivity on the sixth day of incubation, 
there after the enzyme activities reduced.  In subsequent experiments 
cultures were sampled after 6 days.  Maximum enzyme production by A. 
niger was reported after about 7 days by Abd-El Naby (1988).  Kang et al. 

(1999) found that the maximum yield of -glucosidase by A. niger KK2 mutant 
grown on rice straw was obtained after 7 days of incubation. 

 

 

 

 

 

 

 

 

 

Fig. (1): Effect of time course on the production of CMCase (__), FPase (….) and 

cellobiase (- - -) A. niger in liquid medium (pH 5.0 at 30C with 1% 
banana peel). 

Effect of incubation temperature: 
As shown in Fig. (2), the rate of cellulases production was influenced 

by the cultivation temperature.  The production of celluloytic enzymes after 6 
days in basal medium (pH 5.0) increased as the temperature of incubation 

increased up to 30C.  The maximum enzyme production attained at 30C.  
The yields of enzymes were 16.4, 11.1 and 26.3 (U/ml) for CMCase, FP-ase 
and cellobiase, respectively.  Many investigators reported that optimum 

temperature for cellulolytic enzyme biosynthesis are between 27-30C 
(Sternberg, 1976; Allen and Andreotti, 1982; Cauchon and Leduy, 1985; 
Webb et al. 1986, Doppelbauer et al., 1987 and Youssif, 1996). 

 

 

)

)

)

)
)

)

)

)

) )

(

(

(

(

(

0 3 6 9 12 15

Cultivation time (days)

0

5

10

15

20

C
e

ll
u

la
s

e
s

 (
u

/m
l)

0

5

10

15

20

25

30

C
e

llo
b

ia
s

e
 (U

/m
l)



Hauka, F.I.A. et al. 

 6506 

 

 

 

 

 

 

Fig. (2): Effect of cultivation temperature on the production of CMCase (__), 
FPase (….) and cellobiase (- - -) by A. niger in liquid medium (pH 5.0 
with 1% banana peel for 6 days). 

Effect of initial pH value: 
To optimize the production of cellulolytic enzymes further, the effect of 

initial pH was investigated and the results are shown in Fig. (3).  The pH 
greatly affected the enzyme activity of culture filtrates. Enzyme activities 
increased by the increase of the pH of the culture medium from 3.0 to 5.0.  A 
pH range 5.0 to 6.0 seemed to be optima for cellulolytic enzymes production.  
Outside this range, enzyme biosynthesis was repressed, which was lowered 
to some extent.  The enzyme productivity was maximized at pH 5.0, 
indicating that the A. niger protease was produced on acidic medium and the 
increase of acidity or alkalinity of the medium by which organism was 
surrounded, profoundly affected enzyme formation.  These results are in 
agreement with those reported for cellulase and cellobiase by Mandels and 
Andreotti (1978). 

 
 

 

 

 

 

 

 

 

Fig. (3): Effect of initial pH of the culture medium on the production of CMCase 
(__), FPase (….) and cellobiase (- - -) by Aspergillus niger grown in 

liquid medium with 1% banana peel for 6 days at 30C. 
 

Effect of banana peel concentration: 
The effect of banana peel at various concentrations was investigated for 
production of cellulolytic enzymes by used fungus.  The optimal banana peel 
concentration for enzyme production was 1.5% (Fig. 4).  Increasing the 
concentrations of banana peel discouraged enzyme production.  Youssif 
(1996) found that 1.5% beet pulp achieved the maximum values of both 
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CMCase and FPase by Trichoderma viride and further increase in 
concentration caused gradual repression of enzyme biosynthesis.  Selim 
(2000) found that the maximum yield of amylases was obtained when banana 
peel, at a concentration of 0.5% was added as a carbon source into the basal 
medium employed for enzyme production. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Fig. (4): Effect of banana peel concentration on the production of 

CMCase (__), FPase (….) and cellobiase (- - -) A. niger grown 

in liquid medium with 1% banana peel for 6 days at 30C. 
 

Effect of (NH4)2SO4 or/and peptone giving up: 
As shown in Fig. (5), both ammonium sulphate and peptone was 

required to support cellulolytic enzymes formation by A. niger.  Deprivation of 
ammonium sulphate or peptone resulted in suppression of celluloytic 
enzymes synthesis.  These results are in agreement with those for A. wentii 
(Srivastava et al., 1987) and A. niger (Abd-El-Naby, 1988).  They reported the 
suitability of ammonium sulphate as the inorganic N and proteose peptone as 
the organic N source for the production of active cellulase and cellobiase by 
Aspergillus sp. 

Some properties of cellulase activity: 
Temperature optima: 

To determine the optimum temperature of enzyme activity, different 
temperatures were tested to determine enzyme activity.  Data illustrated in 

Fig. (6) assured that 40C was the optimum temperatures for CMCase and 

FP-activity.  On the other hand, 30C was the optimum temperatures for 
cellobiase activity.  Increasing or decreasing the temperature outside the 

range 30-50C resulted in progressive drop in the activity.  Kanamoto et al. 
(1979) found that the optimum temperature for two carboxymethyl cellulose 

hydrolyzing enzymes (F-I and F-V) of A. aculeatus were 45 and 55C, 
respectively.  Kang et al. (1999) found that the optimal temperature for 

enzyme activity of A. niger mutant was 60-70C. 
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Fig. (5): Effect of (NH4)2SO4 or/and peptone giving up on the production of 

CMCase (__), FPase (….) and cellobiase (- - -) A. niger grown in liquid 

medium with 1.5% banana peel for 6 days at 30C. 

 

 

 

 

 

 

 

Fig. (6): Effect of reaction temperature on the activity of CMCase (__), FPase 
(….) and cellobiase (- - -) of A. niger (reaction was done at pH 4.6 for 
15 min, 30 min and 60 min for cellobiase, CMCase and FPase, 
respectively). 

 

Optimum pH: 
The results (Fig. 7) indicated that CMCase, FP-activity and cellobiase 

showed their pH optima at 5.5, 6.5 and 5.5, respectively.  Kang et al. (1999) 

found that the optimum pH for -glucosidase by A. niger was 4.8. Kanamoto 
et al. (1979) found that the optimum pH of two carboxymethyl cellulose 
hydrolyzing enzymes (F-I and F-V) of A. aculeatus were 4.0-4.5 and 5.0, 
respectively. Kang et al. (1999) found that the optimal pH for enzyme activity 
of A. niger mutant was 4.8. 
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Fig. (7): Effect of pH value on the activity of CMCase (__), FPase (….) and 

cellobiase (- - -) of A. niger (reaction was done at 30, 40 and 40C for 
cellobiase, CMCase and FPase, respectively). 

Effect of incubation time on enzyme activity: 
Incubation time of enzyme was varied from 15 to 120 min, with 

keeping the other operational conditions (pH and temperature) constant.  The 
results illustrated in Fig. (8) indicated that the activities increased gradually 
with the increase of time.  In the early time of celulolysis, cellulose hydrolysis 
was very high up to 60-75 min, after that hydrolysis continued in a very slow 
rate.  Therefore, 60 min was chosen as the best reaction time of CMCase 
and cellobiase activities.  The optimum reaction time for FPase activity was 
16 h. 

 

 

 

 

 

Fig. (8a): Effect of reaction time on the activity of CMCase (__) and cellobiase   (- 
- -) of A. niger. 

 

 

 

 

 

Fig. (8b): Effect of reaction time on the activity of FPase activity of Aspergillus 
niger. 

Thermal stability: 

Thermal inactivation on CMCase, FPase and cellobiase activities was 
investigated by measuring the residual activities after incubating the culture filtrate at 

40, 50, 60 and 70C for 15, 30 and 45 min.  It is clear from Fig. (9) that the enzyme 

was stable at 40 and 50C for 45 min, and lost less than of 50% of activity after 45 min 

at 00C.  Also, the results show clearly that enzyme lost about 50% from maximum 

activity at 70C after 45 min.  These results show that this enzyme was a 
thermostable and suitable to use in some industrial processings exposed to high 
temperature for 45 minutes.  Abd-El Naby (1988) reported similar results on cellulases 
and cellobiase of Aspergillus niger and Trichoderma viride. 
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Fig. (9): Thermal inactivation on cellulases and cellobiase activities (thermal stability was investigated 

by measuring the residual activity, after incubation the culture filtrate at40, 50, 60 and 70C 
for 15, 30 and 45 min.  Enzymatic reaction was done at optimum temperature, pH and time). 
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  س       لأسبررلل                                                                إستخدام قشر الموز لإنتاج إنزيمات السليوليز من عزلة محلية من فطر ا
     نيلر

        ى ريومى                                                                  فتحى إسماعيل على حوقه ، عرد الله العوضى إرراهيم سليم ، سامية محمد مرس
      مصر .  –         المنصورة   –               لامعة المنصورة   –             كلية الزراعة   –                   قسم الميكروريولولى 

ستممإستخممت قشإسالممزسشمصمم وسيص ممقزس   مم س س سس سس س س سس س س سسسس س سسسسسس سس سسقسمليزبمم لإستاتمملإنسشتاو صمملإلسشمص للمملسملخممل  م وسصمملإس  ممزسسسسس س سسس س سس سسس سسس سسسس س سس س سسسس سس سس سس سسس سس سس سس س س س س سسسس
سسسشلأخبزجلسسا جزس ىسصوزعلسصهتوةس.سس اقس جقسأا ىستاتلإنسملإاو صلإلس مىسب ةملسشمموزاسيملإلإسب مقس سسس سس سس س س سسسس سسسسس س سس سس سس سس سسس سسسسسس س سسسسس س سسسس سسسسسس سس س سس س س س س سس سسس س سسسس سس س سس س سسأ ملإإس س ألإسسسس6س سس سسسسسسس

سسأاخبسقزجلس زشزةسهىس س سسس سس س سس س س سسس س س03سس س سسإس س أ ضلسسْْ س سسس سسملإاتلإنسسسpHسسسس سسسس س5.3.س سس سس س عاقسقزشخلستأث زستزي وشلسشمص لفسشمصضملإ لستممىسسسس سسسس سسس س سسسس سس س سسسس سس سس س سسس سسسسسس س سس سسسسس س سس
سب ةلسب ةلسشمو سسسس سسسسس سسزاستبم لإسألإسأصثملستزي موسمت ل منسشتاو صملإلسص ضمثسشمب م سهم سسسس س سس س سسسسس س س س سس سس سس سس سسس سسس سسسس سس س سسس سس سسس سسس سسسسس س.55س سسصملإسالمزسشمصم وس س امقسأق سسسس%سس سسسسس س سسسس س س سسسس س سسس س



Hauka, F.I.A. et al. 

 6512 

سس مففسأ سصمملإسخممللألإلسشلأص ا مم إسأ سشمببتمم لإسأ سيل هصملإسصمملإسب ةمملسشممموزاسشمصخممت قصلس مىسشتاتمملإنستمممىستثبمم  ست ل ممنس س سس سسس سس سسسس سسسس سس سس سسس س سس س سس سس س سسسس س س سسسس س سسسس س سسس س سسس سس سسس س س سسسسسس سسسس س سس س س سسس سسسس سس س سس سسس سس
سسسشتاو صلإلس. سس سس سس سس

سسس اممقس جممقسألإسأا ممىسالمملإ ستاو مملإلسشمخممل  م وسيمملإلإسعاممقس س سس سس سس سسس سسس سسسس سس س سس سس سس سسس س سسسس سسسس س سسس س03س س سإس سبإخممتثالإإستاممسْْ سسس سسسسس سسو إسشمخممل ب  وس  ممقسسسسسس سسس س سسس سس سسس جممقسسسسسسسسس س
سسسسأا ىساللإ سمهسعاقس سس سسس سس سسس س س03سس س سسسسسسإس س عاقسقزشخلستأث زسقزجلإلسشمم سسْْ سس س سسس سسسسسس س سس سسسسس س سعلمىسالملإ سشتاو صملإلس جمقسألإسأصثملسقزجملسسpHسسسس س س سسس سس سسس سسسس س سس سس سس سس سسس سس سسس سسpHسسسس

سمالمملإ سملإاو صمملإلسشمص للمملسمليزب يخممىسص ث مملسخممل  م وس  زلسشمتزلمم ىس شمخممل ب  وسهممى س سس س سسس سس سسس سس سس س سسسسس س س س سس سسس سسس سس س سسس سس س س س سس س سسسس سسس س سسسس سس سس سس سسس سس س5.3.سس سس س.65سس سس س.5.سس سسسسس سس سس سسسس3
سسسعلىسشمتزت بس س عاقسقزشخلسأاخبس السمت ض لإسشتاو إ سس سسس سس س سسسس سس سس س سسسس س سس سسسسس س سسسس سسس سسسسس ستتضىسأاهس مىس لإمملسشتامو إسشمص لملسمليزب يخمسسسس س س سس س سسسس سس س سسسسسس سس سسس سسس سس س سس سسسس س سسىسص ث ملسسس سسسس سس

سسسسسسخل ل وس شتاو إسشمص للسملخل ب  وسيملإلإسأاخمبس تمزةةسملت ضم لإسب مقسخملإعلسب اصملإس مىس لإمملسشتامو إسشم سس سسس سسس سس س سسس سسسسس س سس سسس سسس سس س سسسسسسس سسسس س سسسس سس سس س سسس سس سسسس سس س سسسسسس سس سس سس س سص لملسمم زلسسسس س س سسس سس سسس
سسسشمتزل ىس  قسيلإلإسأاخبس املسملت ضم لإسب مقس سسس سس س سسسسس س س سس س سسسس سس سسسسسس سس س س56سسس سخملإعلس سيصملإسمم  بسثبملإلسشتاو صملإلسبقزجملسعلإم ملسعلمىسقزسسس سسس سس سس سسسس سس س س سسسس سس سس سس سسس سسسسس س س سسسس س سسسس س سسجملسسس س

سسس زشزةس سس س03س س3.سس-سس-س س سس.سسسإسْْ


