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ABSTRACT 
 

Fifty fungi species were isolated from paper mill effluent i.e. Penicillium sp, Trichoderma sp, 
Rhizopus sp, Mucor sp, Aspergillus sp, and Phanerochaete sp. After screening of fungi, 
Phanerochaete sp, a white rot fungus was selected for delignification. The effect of different 
parameters on delignification was studied. It was found that pH (5), temperature (30°C), contact 
time (6 days) and moisture content (40%) were optimum for delignification by Phanerochaete sp. 
Different physicochemical parameters i.e., dissolved oxygen, turbidity, conductivity, chemical 
oxygen demand, biological oxygen demands were also determined.  
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1. INTRODUCTION 
 
Pulp and paper mills are major energy and water 
exhaustive industries and it has been studied 
that 75% of water provided to these industries 
emerges in form of waste [1]. Treatment of this 
waste water is alarming for the environment 

because of its adverse effects. Physiochemical 
methods of treatment of industrial effluent are 
energy consuming as well as costly, so they are 
difficult to implement at industrial sites [2]. 
Researchers are therefore, using biological 
methods for the effluent treatment [3]. Biological 
delignification can be carried out with the help of 
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microorganisms as well as enzymes. There are 
several advantages of biological delignification 
including greater yield of product and low 
demand for energy [4]. It has been found 
that white rot fungi cause more efficient 
degradation of lignin as compared to other     
fungi through the supportive act of various 
lignolytic enzymes [5]. Several studies have   
been carried out to study pssulp delignification    
as well as bioremediation of effluent of paper    
mill using Phanerochaete [6]. Phanerochaete 
chrysosporium has also been involved in 
degradation of ligno-cellulosic materials as well 
as in soil remediation [7]. The objective of this 
study was optimization of different fermentation 
parameters for delignification using lignolytic 
fungi i.e., Phanerochaete sp. 
 
2. MATERIALS AND METHODS 
 
2.1 Sample Collection 
 
Twenty wastewater samples were collected from 
Century Paper Industry near Phool Nagar, 
Lahore, Pakistan. These samples were taken in 
polypropylene bottles to avoid contamination and 
were bought to laboratory. Storage of samples 
was carried out at 4°C.   
 
2.2 Analysis of Waste Water Samples 
 
Samples were analyzed in terms of different 
physicochemical parameters. pH and 
temperature of sample was determined using 
portable pH and temperature meter (WTW Multi 
lab 540). Dissolved oxygen meter (WTW Multi 
lab 540) was used to calculate the amount of 
oxygen dissolved in wastewater samples. 
Turbidity was measured using a Hatch Model 
2100N Ratio Turbid meter (Hatch Company, 
Loveland, CO). Electrical conductivity and Total 
Dissolved Solids were measured using WTW Ion 
Lab 02250017. COD of the wastewater samples 
were determined at 350 nm with a Hach 
DR/2000 spectrophotometer. BOD of the 
wastewater samples mg/L was carried out using 
standard methods [8]. Lignin concentration was 
determined using spectrophotometer [9]. 
 
2.3 Fungal Isolation and Screening 
 
Malt Extract Agar (MEA) medium containing 
streptomycin (1.5 g/L) was used for isolation of 
fungi from waste water samples. The agar plates 
containing waste water samples were incubated 
at 30°C for 72 hrs. Screening of fungus was 
done by growing fungal strain on media 

containing black liquor as lignin source at 30°C 
for 10 days. The reduction in lignin content was 
determined using spectrophotometer. 
 
2.4 Identification of Fungus 
 
Identification of fungus was done on the basis of 
morphology i.e. hyphae, conidiophores,                 
conidia etc. Morphological examination was 
performed using a light microscope equipped 
with a micrometer eyepiece with 400X 
magnification.  
 
2.5 Optmization of Different Parameters 

for Delignification of Paper Mill 
Effluent by Phaernerochaete sp  

 
2.5.1 Optimization of pH and temperature  
 
pH concentration was optimized for lignin 
degradation by Phanarochaete at different 
ranges (2-6). Temperature was also optimized at 
different ranges (20-60°C).   
 
2.5.2 Optimization of contact time and 

moisture content  
 
Contact time (1-10 days) and moisture content 
(20-100%) was also optimized for delignification. 
 
2.6 Lignin Degradation 
 
The concentration of lignin in sample was 
determined using spectrophotometer. The 
absorbance was determined between                 
280-480 nm.  
 
3. RESULTS 
 
3.1 Physicochemical Characterization of 

Effluent Samples 
 
The characteristics of effluent samples are given 
in Table 1. The concentration of lignin in these 
samples was found to be many times higher than 
levels permitted by the environmental legislation 
of NEQS and WHO.  
 
3.2 Isolation and Screening of Fungi 

Capable of Delignification 
 
Different fungi species were isolated from 
effluent using standard method by drop spore 
technique [10]. This technique was used to 
obtain samples on Malt Extract Agar media (pH 
5-6) containing antibiotics (0.3 g/L penicillin and 
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1.3 g/L streptomycin). The agar plates were then 
incubated at 30°C for 24 hours. Fungi isolated on 
Malt extract agar media are indicated in Table 2. 
The isolated fungi were further screened for 
delignification. Morphological examination was 
performed using a light microscope equipped 
with a micrometer eyepiece with 400X 
magnification. The strain capable of efficient 
delignification was identified as Phanerochaete 
chrysosporium which appeared white in color 
and it grows by producing thread like branching 
filaments known as hyphae as indicated in Fig. 1.   
 

 
 

Fig. 1. Phanerochaete chyrosporium  isolated 
on malt extract media 

 
3.3 Optimization of Different Parameters 

for Delignification of Paper Mill 
Effluent  

 
3.3.1 Optimization of pH  
 
pH concentration was optimized at different 
ranges (2-6) as shown in Fig. 2. At                                 
pH 2 delignification efficiency was found to be 
20%. A further increase in pH resulted in 
increase in delignification efficiency and at                      
pH 5 maximum delignification upto 65% was 
obtained. Therefore, pH 5 was selected to be 
optimum for delignification by Phanerochaete 
chyrsosprium.  
 
3.3.2 Optimization of temperature  
 
Temperature was optimized at different ranges 
(20-60°C). At 15°C delignification rate was found 
to be 30% and it increased with increasing 
temperature. At 30°C maximum delignification of 
75% was obtained as indicated in Fig. 3. A 
further increase in temperature leads to decrease 
in delignification rate and at 60°C delignification 
efficiency was reduced to 12%. 

3.3.3 Effect of contact time  
 
Delignification by Phanerochaete sp was 
optimized at different time intervals (1-10 days). 
Delignification efficiency increased with time and 
maximum delignification efficiency of 90% was 
achieved after 6 days. However, further increase 
in time of incubation led to decrease in 
delignification efficiency as indicated in Fig. 4. 

 

 
 

Fig. 2. Optimization of pH for delignification 
by Phanerochaete chrysosporium.  Y error 

bars indicate standard deviation among three 
parallel replicates 

 

 
 

Fig. 3 . Optimization of temperature for 
delignification by Phanerochaete 

chrysosporium at pH 5 and temperature 60°C. 
Y error bars indicate standard deviation 

among three parallel replicates  
 

Table 1. Physicochemical analysis of effluent 
samples collected from century paper mill 

 
Sr. no.  Parameters  Values  NEQ’S 
1 pH  7.33 6 – 10 
2 Temperature 60°C 40°C 
3 Dissolved oxygen 12 ppm 8.7 ppm 
4 Turbidity 109 - 
5 Conductivity 3.34 - 
6 Chemical oxygen 

demand 
170 mg/L 150 mg/L 

7 Biological oxygen 
demand 

70 mg/L < 30 mg/L 

8 Lignin 50 gm/kg < 20 gm/kg 
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Table 2. Different fungal species isolated from eff luent samples and their morphological 
characteristics 

 
Fungal culture 
isolated 

Total no of 
isolates 

Macroscopic characteristics  

Penicillium sp 6 Slow growing grey smooth mycelial mat  
Trichoderma sp 5 Green and yellow, fast growing mycelia 
Rhizopus sp 4 White, fast growing cottony mass of mycelia 
Mucor sp 5 Dark green, slow growing, smooth mycelial mass 
Aspergillus sp 8 Moderate growing strain with dark black spores 
Phanerochaete sp 10 White, fast growing mycelia with filamentous thread like structure 

 

 
 

Fig. 4. Optimization of contact time for 
delignification by Phanerochaete 

chrysosporium at pH 5 and temperature 60°C. 
Y error bars indicate standard deviation 

among three parallel replicates 
 
3.3.4 Effect of moisture conditions  
 
Moisture content was optimized at different 
ranges (20-100%). Maximum delignification rate 
(92%) was obtained at moisture content of 40%. 
Further increase in moisture content led to 
decrease in moisture content as indicated in              
Fig. 5. 
 

 
 

Fig. 5 . Optimization of moisture content for 
delignification by Phanerochaete 

chrysosporium at pH 5 and temperature  
60°C. Y error bars indicate standard  

deviation among three parallel  
replicates 

4. DISCUSSION 
 
The research work was conducted to examine 
and remove the lignin contents in waste water 
from Century Paper Mill using fungal sp.  
Physicochemical analysis revealed that effluent 
samples were acidic and have high lignin content 
of 50 g/kg. Phanerochaete chrysosporium was 
found to be potential bio degraders of lignin. 
Culture conditions affecting lignin degradation by 
Phanerochaete chrysosporium were examined. 
Delignification efficiency was greatly influenced 
by pH. The value of pH 5 was found to be 
optimum for lignin degradation. Similar results 
were reported [11] who suggested pH 5 to be 
optimum for growth of Phanerochaete 
chrysosporium. [11] also suggested that pH in 
range of 4-8 are most appropriate for effluent 
treatment. Therefore, acidic pH was favorable for 
growth of Phaeneochaete. Variation in 
temperature also influences delignification 
efficiency. Maximum lignin removal was obtained 
at temperature of 30°C. Any further increase in 
temperature reduced delignification efficiency. 
This might be due to fact that high temperature is 
unfavorable for fungal growth. Contact time also 
play a fundamental role in delignification process. 
Lignin content in effluent was reduced to 90% 
after 6 days of incubation. However after 6 days 
a decrease in delignification efficiency was 
observed. This might be due to fact that 
production of secondary metabolites resulted in 
decrease in delignification [12]. The moisture 
content was a key factor for fungal growth. Too 
low moisture contents limit fungal delignification 
without providing sufficient water to fungal 
growth. Higher moisture contents cause clogging 
inter-particle spaces, limited oxygen circulation, 
often inhibited aerobic solid state cultivation     
and increased susceptibility to bacterial 
contamination [13]. 
 

5. CONCLUSION 
 
It was concluded from the current investigation 
that the fungi Phanerochaete sp. displayed 

0

10

20
30

40

50

60

70
80

90

100

1 2 3 4 5 6 7 8 9 10

Time of Incubation (Days)

D
el

ig
ni

fi
ca

ti
on

 e
ff

ic
ie

nc
y%

0

20

40

60

80

100

120

20 40 60 80 100

Moisture content%

D
el

ig
ni

fi
ca

ti
on

 e
ff

ic
ie

nc
y%



 
 
 
 

Tahir et al.; JABB, 9(2): 1-5, 2016; Article no.JABB.27876 
 
 

 
5 
 

tremendous removal potential for lignin content 
from industrial effluent. The effects of different 
parameters were studied. The results of this 
research work clearly showed that the 
optimization of various parameters maximize the 
lignin removal efficiency of the fungi. 
Phanerochaete chrysosporium could be used for 
biodegradation of waste. 
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