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Abstract 
Production of ethanol using cellulosic material as 

feedstock is crucial for sustainable fuel ethanol 

production. However, a production process based on 

cellulosic biomass involves several energy and cost 

intensive steps like storage of biomass, pretreatment, 

hydrolysis and fermentation. Areca nut husk waste is 

most abundant renewable energy source that may be 

considered as potential feedstock for ethanol 

production by microbial fermentation. The areca nut 

husk waste was initially subjected to microbiological 

pretreatment for obtaining reducing sugars. 

Cellulolytic fungi are more effective for enzymatic 

hydrolysis.  

 

In fungal treatment, increase the reducing sugar 

concentration for maximum ethanol production. 

Trichoderma viride and Phanerochaete chrysosporium 

NCIM 1197 (TV+PC) are more effective fungi for 

biological treatment. Maximum ethanol production by 

Saccharomyces cerevisiae NCIM 3095, Pichia stipitis 

NCIM 3498, Candida shehatae NCIM 3500 and 

Zymomonas mobilis NCIM 2915 is obtained in all the 

parameters like temperature, pH and inoculum 

concentration. Hence, fungal pretreatment by 

cellulolytic fungi was more effective for ethanol 

production. Areca nut husk was revealed as a suitable 

substrate for ethanol production. 
 

Keywords: Areca nut husk, Bioethanol, Phanerochaete 
chrysosporium NCIM 1197, Trichoderma viride, 

Zymomonas mobilis NCIM 2915. 

 

Introduction 
In order to reduce dependence on fossil fuels and thus 

alleviate associated economic and environmental concerns, 

biofuels derived from renewable and domestic sources have 

received extensive interest for displacement of fossil 

transportation fuels in many countries1-3. Lignocellulosic 

biomass, mostly from agricultural and forestry sources, is 

rich in carbohydrates (55–75% dry basis) and widely 

available, thus providing attractive feedstock’s for ethanol 

production4,5. To maximally utilize carbohydrates in the 

biomass, a pretreatment process is needed to overcome the 

biomass recalcitrance and subsequently improve its 

accessibility to hydrolytic enzymes6-9.  

 

Thermal/chemical pretreatment methods have been regarded 

as the current leading pretreatment technologies; however, 

they usually need expensive corrosion resistant reactors, 

processing large volumes of the waste stream, extensive 

washing of treated solids and detoxification of compounds 

inhibitory to ethanol-fermenting microorganisms. Thus, 

pretreatment still remains one of the most costly steps in 

cellulosic ethanol production and is a significant barrier to 

its commercialization7,10. 

 

Biological pretreatment, as a safe and environmental 

friendly method for lignin removal from lignocellulose, is 

attracting extensive interests11-14. White-rot fungi are the 

most promising microorganisms used for biological 

pretreatment because of their abilities to selectively 

degradation of lignin15-17. Presently, lots of studies on 

pretreatments with various white-rot fungi have been 

reported. Many white-rot fungi were applied to pretreatment 

of wheat straw for enzymatic hydrolysis and it was found 

that about 30% of cellulose was converted to glucose 

 

Areca nut (Areca catechu L.) is one of the most important 

commercial crops in India. India ranks first in areca nut 

production in the world. In India the cultivation of areca nut 

is mostly confined to Karnataka, Kerala and Assam in terms 

of total area under cultivation and production is around 83%. 

The area under areca nut is around 4 lakh hectares with a 

production of around 4.78 lakh tons in India. Karnataka 

stands first both in terms of area and production followed by 

Kerala and Assam. In Karnataka, around 2.15 lakh hectares 

are under areca nut cultivation18,19. Areca nut popularly 

known as betel nut or supari is one of the most important 

plantation crops in Shivamogga district20.  

 

The area under areca nut cultivation has increased more 

rapidly in Shimoga district as compared with Dakshina 

Kannada and Uttara Kannada districts, Karnataka state, 

India. The area under Shivamogga district areca nut is 94, 

077.50 hectares with a production of around 52,781 metric 

tons18,19. The areca nut husk fibers are predominantly 
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composed of cellulose and varying proportions of 

hemicelluloses, lignin, pectin and protopection. The total 

hemicellulose content varies with the development and 

maturity, the mature husk is containing less hemicellulose 

than the immature ones. The lignin content proportionately 

increases with the development until maturity21.  

 

The availability of areca husk waste is very high in 

Shivamogga district due its area and high productivity in this 

region18,19. Areca nut husk is most abundant renewable 

energy source that may be considered as potential feed stock 

for ethanol production by microbial fermentation22.  

 

The major objective of the present investigation was to 

evaluate the effect of fungal pretreatment on areca nut husk 

for improved yield of reducing sugar and bioethanol 

production by yeasts and bacterium Zymomonas mobilis 

NCIM 2915. The process was carried out by separate 

hydrolysis and fermentation (SHF) Process. 

 

Material and Methods 
Collection of areca nut husk: Areca nut husk was collected 

from the Shivamogga region, Karnataka State, India. The 

sample was brought to the laboratory and was maintained at 

room temperature for microbiological study.   

 

Physical Pretreatment (Milling) of areca nut husk: The 

areca nut husk sample was sun dried for 24 hours in order to 

remove the moisture content present and later the areca nut 

husk was kept in hot air oven 80 C for 24–48hr.Then, the 

areca nut husk was completely air dried and the areca nut 

husk was poured to the milling machine for hammer milling 

where the milling was done in order to cut the areca nut husk 

into small pieces (1mm) (Figure 1)20-23.  

 

Selection of fungal species: The more efficient cellulolytic 

fungal specie such as Trichoderma viride was isolated from 

naturally contaminated areca nut husk waste. Phanerochaete 

chrysosporium NCIM 1197 was procured from National 

Chemical Laboratory (NCL), Pune, India. The cultures were 

maintained on Potato Dextrose Agar slants and stored at 4°C. 

 

Selection of yeast cultures and bacteria: The standard 

yeast strains and bacteria used for the fermentation process 

were Saccharomyces cerevisiae NCIM 3095, Candida 
shehatae NCIM 3500, Saccharomyces uvarum NCIM 3455, 

Pichia stipitis NCIM 3498 and Schizosaccharomyces pombe 

NCIM 3457 maintained on MGYP medium (Composition of 

MGYP medium: Malt extract 3g, Glucose 10g,  Yeast 

extract 3g, Peptone 5g, Agar 20g, distilled water 1000 mL, 

Adjust pH to 6.4-6.8) and bacterium Zymomonas mobilis 

NCIM 2915 was maintained on nutrient agar with 2% 

glucose (Composition of nutrient agar: Beef extract 10g, 

Sodium chloride 5g, Peptone 10g, Glucose 20g, Agar 20g, 

Distilled water 1000 ml, Adjust pH to 7.0–7.5). These yeast 

cultures and bacteria were procured from the National 

Chemical Laboratory (NCL), Pune, India24-27. 

 

Inoculum preparation: For inoculum preparation, yeast 

cultures were grown in YPD broth (Composition of YPD 

broth: Yeast extract 10g, Peptone 10g, Glucose 50g and 

Distilled water 1000mL) and bacterium Zymomonas mobilis 

NCIM 2915 was grown in nutrient broth with 2% glucose 

(Composition of nutrient broth: Beef extract 10g, Sodium 

chloride 5g, Peptone 10g, Glucose 20g and Distilled water 

1000mL) at 30 °C in a rotary shaker (150 rpm) for 72 hours, 

harvested by centrifugation, washed three times with sterile 

distilled water and suspended in sterile water to get 1x106 

cells per mL28. 

 

Determination of the effect of fungal treatment: About 

10g/lit of each residue was suspended in Mandle’s medium 

and sterilized. Each flask was inoculated with individual 

fungal isolates. These flasks were incubated at room 

temperature for five days on an incubator shaker (150rpm). 

After five days of incubation, mycelium was separated by 

filtration. The filtrate was centrifuged and supernatant was 

collected for further studies. The reducing and non-reducing 

sugar contents were determined (26).  

       

 
(a) 

 
(b) 

 
(c) 

Figure 1: A. Areca nut palm (plant), B. Areca nut husk and C. Milled areca nut husk 
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Optimization of conditions for fungal treatment: Fungal 

isolates were cultivated on areca nut husk and optimization 

of conditions for maximum reducing sugar yield by each 

isolate was recorded. 

 

Incubation temperature: To find out the optimum 

temperature for saccharification, each isolate was cultivated 

in basal salt medium containing 1g of substrate. Incubation 

was carried out at different temperature (20 to 40 °C) in an 

incubator shaker (150 rpm). Determination of reducing and 

non-reducing sugar in the culture filtrate was done by DNS 

method. 

 

Medium pH value: The effect of the pH value was 

investigated by cultivation of the isolate in media which 

were adjusted to different pH values from 4 to 8.  

 

Media were inoculated and incubated at 30 °C in an 

incubator shaker (150 rpm). Determination of reducing and 

non–reducing sugar in the culture filtrate was done by DNS 

method. 

 

Incubation time: Fungal isolates were cultivated on raw 

material under the optimum conditions of pH and 

temperature. Every 24 hours sample was taken and reducing 

sugar, non–reducing sugar content was estimated by DNS 

method. 

 

Separate Hydrolysis and Fermentation (SHF): The 

substrates were initially hydrolyzed by the action of 

cellulolytic enzymes (fungal treatment) for saccharification. 

After complete hydrolysis, the fermentation was conducted 

separately.  

 

Step 1- Saccharification: Raw material was taken in 

Mandle’s medium and sterilized. Each flask was inoculated 

with different fungal isolates. These flaks were incubated at 

30 °C for 5 days in an incubator shaker (150 rpm). After five 

days, mycelium was separated by filtration. 

 

Step 2- Fermentation: Culture filtrate from fungal 

treatment was further inoculated with each of the yeasts and 

bacteria separately (3 % inoculum) and allowed for 

fermentation for 72 hours. After fermentation, the sample 

was recovered by distillation unit for spectrophotometric 

analysis of ethanol concentration (29). 

 

Optimization of conditions for fermentation: 

Fermentation conditions were optimized for the highest 

reducing sugar yield treatment. 

 

Incubation temperature: To optimize the temperature for 

fermentation, incubation was carried out at different 

temperature (20 to 40 °C) in an incubator shaker (150 rpm). 

 

Medium pH value: The effect of the pH value was 

investigated by carrying out the fermentation in media which 

were adjusted to different pH values 4 to 8. 

Inoculum concentration: The culture filtrate was 

inoculated with different amount of inoculums concentration 

(1 to 5 %) and fermentation was carried out to find the 

optimum inoculum concentration for better ethanol yield. 

 

Ethanol recovery by distillation process: The fermented 

broth was dispensed into round bottom flask and fixed to a 

distillation column attached in running tap water. A conical 

flask was fixed to the other end of the distillation column to 

collect the distillate. A heating mantle with the temperature 

adjusted to 78 °C was used to heat the round bottomed flask 

containing the fermented broth. When the vapors enter the 

condenser, condenser will cool the vapors and 10 to 20 mL 

of distillate was collected in a test tube and immediately 

plugged in order to avoid escaping the alcohol (30). 

 

Analytical Methods 

Determination of reducing sugar: The glucose 

concentration was determined by dinitrosalicylic acid (DNS) 

method as described by Miller,31 using glucose as a standard. 

The aliquots of extract were pipetted out from 0.5 to 3 mL in 

test tubes; the volume was equalized to 3 ml with water in 

all the tubes. Then 3 mL of DNS reagent was added, mixed 

and heated for 5 min. on a boiling water bath. After the 

colour has developed, 1 mL of 40 % Rochelle salt solution 

was added and mixed.  

 

The tubes were cooled under running tap water and the 

absorption was read at 510 nm. The amount of reducing 

sugar in the sample was calculated using standard graph 

prepared from working standard glucose. 

 

Determination of non-reducing sugar: Non-reducing 

sugars present in the extracts were hydrolyzed with sulfuric 

acid to reducing sugars. Then the total reducing sugars were 

estimated by DNS method. About 100 mg of the sample was 

taken and the sugars were extracted with 80 % alcohol (hot) 

twice (5mL each time). The supernatant was collected and 

evaporated on water bath. Ten ml of distilled water was 

added to dissolve the sugars. One ml of extract was pipetted 

into a test tube and 1ml of 1N H2SO4 was added.  

 

The mixture was hydrolyzed by heating at 49 °C for 30 min. 

and then 1 or 2 drops of methyl red indicator were added. 

The contents were neutralized by adding 1N NaOH drop 

wise from a pipette. Appropriate reagent blanks were 

maintained. Then total non-reducing sugar was estimated by 

DNS method26,32,33. 

 

Determination of ethanol concentration: The amount of 

ethanol content was estimated by spectrophotometric 

method (JENWAY–6305, UV–VIS Spectrophotometer) as 

described by Caputi et al.34 

 

Statistical analysis: All the results were statistically 

analyzed using SPSS software to determine the mean of 

three replicates and its standard error value from 

independent experiments. 
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Results 
Initial composition of areca nut husk: The initial 

composition of areca nut husk is as follows: particle size 

(0.64 ± 0.01 mm), reducing sugar (2.91±0.01 mg/g), non-

reducing sugar (0.30±0.001 mg/g), total sugar (3.21±0.11 

mg/g), cellulose (46.0 ± 1.53 %), hemicelluloses (40.3 ± 

0.23 %) and lignin (21.0 ± 0.19 %) (Table 1). 

 

Table 1 

Initial chemical composition of areca nut husk 
 

S.N. Parameters Areca Nut Husk 

1 Particle size (mm) 0.64 ± 0.01 

2 Reducing sugars (mg/g) 2.91 ± 0.01 

3 Non-reducing sugars (mg/g) 0.30 ± 0.001 

4 Total sugars (mg/g) 3.21 ± 0.11 

5 Cellulose (%) 46.0 ± 1.53 

6 Hemi-cellulose (%) 40.3 ± 0.23 

7 Lignin (%) 21.0 ± 0.19 
Note: Results are mean ± S.E. of three replicates (n=3) 

 

Selection of fungal species: More efficient cellulolytic 

fungi Trichoderma viride and lignin degrading fungi 

Phanerochaete chrysoprorium NCIM 1197 were selected 

for microbiological treatment. Before fermentation, raw 

material was treated with specific fungal species to increase 

the maximum sugar yield. After fungal treatment, obtained 

filtrate was further subjected to fermentation using yeast 

strains and bacterium Z. mobilis NCIM 2915. 

 

Optimization of the culture conditions for fungal 

treatment 

Incubation temperature: The fungal isolates were grown 

in the cultivation medium with raw material and incubated 

at various temperatures (5 °C to 50 °C) to define the optimal 

temperature for growth and saccharification. The fungal 

isolates were able to grow and yield reducing sugar in a 

broad range of incubation temperatures from 5 °C to 50 °C. 

The maximum reducing sugar yield temperature was 

between 25 °C to 30 °C for the isolates Trichoderma viride 

and P. chrysoprorium NCIM 1197 on the raw material. The 

optimum temperature was between 25 °C to 30 °C for the 

isolates (Table 2) (Figure 2). 

 

Medium pH value: The fungal isolates were grown on the 

media with raw material and pH adjusted to different values 

from 4 to 8. The isolates have shown the reducing sugar yield 

in wide range of pH from 4 to 8. The maximum reducing 

sugar yield was observed at pH 6 for the isolate of T. viride 

and P. chrysoprorium NCIM 1197 on the raw material 

(Table 3) (Figure 3). 

 

Table 2 

Effect of temperature on fungal treatment of areca nut husk 
 

Temperature 

(°C) 

 

Reducing Sugar yield (mg/g) Non-Reducing Sugar Yield 

(mg/g) 

Total Sugar Yield  

(mg/g) 

TV PC TV PC TV PC 

20 20.16 ± 0.98 32.0 ± 3.21 2.0 ± 0.07 10.5 ± 0.54 22.16 ± 4.0 42.5 ± 2.31 

25 28.0 ± 1.41 44.32 ± 2.35 5.0 ± 0.11 12.6 ± 0.62 33.0 ± 3.81 56.92 ± 2.45 

30 38.0 ± 1.50 54.0 ± 4.10 8.11 ± 0.36 15.0 ± 1.0 36.11± 3.30 69.0 ± 3.12 

35 36.0 ± 2.36 41.85 ± 3.38 7.04 ± 0.39 14.0 ± 0.94 43.0 ± 2.81 55.85 ± 3.42 

40 36.45 ± 2.80 40.0 ± 3.83 7.0 ± 0.40 13.2 ± 0.81 43.45 ± 4.83 53.2 ± 2.45 

Note: Results are mean ± S.E. of three replicates (n=3). TV– Trichoderma viride, PC– Phanerochaete chrysosporium NCIM 1197 

 

 
Figure 2: Graphical representation of effect of temperature on fungal treatment of areca nut husk 

Note: TN- Trichoderma viride, PC- Phanerochaete chrysoprorium NCIM 1197 
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Table 3 

Effect of pH on fungal treatment of areca nut husk 
 

pH Reducing Sugar Yield  

(mg/g) 

Non-Reducing Sugar Yield 

(mg/g) 

Total Sugar Yield  

(mg/g) 

TV PC TV PC TV PC 

4 26.0 ± 3.64 29.0 ± 4.21 4.0 ± 0.07 9.0 ± 0.10 30.0 ± 1.40 38.0 ± 3.33 

5 33.0 ± 3.45 35.31 ± 4.12 6.6 ± 0.06 10.0 ± 0.14 39.6 ± 1.63 45.31 ± 2.12 

6 40.24 ± 4.78 52.0 ± 5.10 12.0 ± 0.21 16.5 ± 0.29 52.24 ± 2.45 68.5 ±1.42 

7 39.0 ± 2.85 42.0 ± 5.0 9.4 ± 0.18 14.0 ± 0.34 48.4 ± 2.91 56.0 ± 2.96 

8 38.12 ± 3.10 36.0 ± 3.69 9.0 ± 0.17 12.0 ± 0.41 47.12 ± 3.20 48.0 ± 3.45 

Note: Results are mean ± S.E. of three replicates (n=3). TV– Trichoderma viride, PC– Phanerochaete chrysosporium NCIM 1197 

 

 
Figure 3: Graphical representation of effect of pH on fungal treatment of areca nut husk 

Note: TN- Trichoderma viride, PC- Phanerochaete chrysoprorium NCIM 1197 

 

 
Figure 4: Graphical representation of effect of incubation time on fungal treatment of areca nut husk 

Note: TN- Trichoderma viride, PC- Phanerochaete chrysoprorium NCIM 1197 

 

Incubation time: There was increase in the reducing sugar 

after two days until five days of incubation. But, from sixth 

day of incubation there was a decrease in the reducing sugar 

in all the fungal species. Therefore, the optimum incubation 

time for saccharification of raw material was considered as 

5th day (Table 4) (Figure 4).    

 

Optimization of conditions for fermentation (SHF) 

Incubation temperature: Ethanol yield was observed at 

range of 20 to 40 °C. For S. cerevisiae NCIM 3095, P. stipitis 

NCIM 3498, C. shehatae NCIM 3500 and Z. mobilis NCIM 

2915, 30 °C was optimum with the treatment of T. viride + 

P. chrysoprorium NCIM 1197 (AF+PC) on areca nut husk, 

similar yield was observed at both 25 °C and 30 °C. Overall 

30 °C was found as the optimum temperature for 

fermentation (Table 5) (Figure 5). 

30

39.6

52.24 48.4 47.12
38

45.31

68.5

56

48

0

10

20

30

40

50

60

70

80

4 5 6 7 8

T
o

ta
l S

u
ga

r 
Y

ie
ld

 (
m

g/
g)

pH

TV PC

0

10

20

30

40

50

60

70

80

1 2 3 4 5 6 7

T
o

ta
l S

u
ga

r 
Y

ie
ld

 (
m

g/
g)

Incubation Time (Days)

TV PC



Research Journal of Biotechnology                                                                                                          Vol. 16 (3) March (2021)  
Res. J. Biotech 

100 

Medium pH value: Fermentation was carried out at a range 

of 4-8 pH. In AF+PC treatment, for S. cerevisiae NCIM 

3095, P. stipitis NCIM 3498, C. shehatae NCIM 3500 and 

Z. mobilis NCIM 2915 on areca nut husk showed maximum 

ethanol yield at 5 and 6 pH. Overall maximum ethanol yield 

was observed in pH 6 (Table 6) (Figure 6).  

 

Inoculum concentration: Fermentation with inoculum 

concentrations ranging from 1-5 % was conducted. In each 

case yield was similar with 2 and 3 % inoculum. But with 

TV+PC treatment, for S. cerevisiae NCIM 3095, P. stipitis 

NCIM 3498, C. shehatae NCIM 3500, Z. mobilis NCIM 

2915 on areca nut husk showed maximum ethanol yield at 2 

% and 3 % inoculum. Overall maximum ethanol yield was 

observed with 3 % inoculum (Table 7) (Figure 7).  

 

Discussion 
The major component of lignocellulosic materials is 

cellulose followed by hemicellulose and lignin35,36. 

Cellulose and hemicelluloses are macromolecules 

constructed from different sugars whereas lignin is an 

aromatic polymer synthesized from phenylpropanoid 

precursors37-39. The composition and proportions of these 

compounds vary between plants. Cellulose is a linear 

polymer that is composed of D-glucose subunits linked by 

β-1, 4 glycosidic bonds forming the dimer cellobiose. 

Cellulose usually is present as a crystalline form and a small 

amount of non organized cellulose chains forms amorphous 

cellulose. In the latter conformation, cellulose is more 

susceptible to enzymatic degradation10,40,41.  

 
Figure 5: Graphical representation of effect of temperature on fermentation used  

for T. viride + P. chrysosporium NCIM 1197 

Note: SC–Saccharomyces cerevisiae NCIM 3095, SU–Saccharomyces uvarum NCIM 3455,  

SP–Schizosaccharomyces pombe NCIM 3457, PSt–Pichia stipitis NCIM 3498, CS–Candida shehatae NCIM 3500 

and ZM-Zymomonas mobilis NCIM 2915 

 

 
Figure 6: Graphical representation of effect of pH on fermentation used for T. viride + P. chrysosporium NCIM 1197 

Note: SC–Saccharomyces cerevisiae NCIM 3095, SU–Saccharomyces uvarum NCIM 3455,  

SP–Schizosaccharomyces pombe NCIM 3457, PSt–Pichia stipitis NCIM 3498, CS–Candida shehatae NCIM 3500  

and ZM-Zymomonas mobilis NCIM 2915 

0

2

4

6

8

10

12

14

16

20 25 30 35 40

E
th

an
o

l P
ro

d
u

ct
io

n
 (

g/
l)

Temperature (0 C)

SC SU SP PSt CS ZM

0

2

4

6

8

10

12

14

16

4 5 6 7 8

E
th

an
o

l P
ro

d
u

ct
io

n
 (

g/
l)

pH

SC SU SP PSt CS ZM



Research Journal of Biotechnology                                                                                                          Vol. 16 (3) March (2021)  
Res. J. Biotech 

101 

Table 4 

Effect of incubation time on fungal treatment of areca nut husk 
 

Time in 

Days 

Reducing Sugar Yield (mg/g) Non-Reducing Sugar Yield 

(mg/g) 

Total Sugar Yield (mg/g) 

TV PC TV PC TV PC 

1 14.0 ± 0.94 17.0 ± 1.12 4.0 ± 0.06 5.0 ± 0.09 18.0 ±0.21 22.0 ± 0.24 

2 11.0±0.85 13.0±1.13 4.2±0.08 7.0±0.08 15.2 ±0.24 20.0 ±0.29 

3 29.2±2.10 29.4±2.23 6.3±0.09 8.2±0.05 35.5 ±3.8 37.6 ±1.5 

4 42.0±2.31 32.2±2.65 8.0±0.10 10.0±0.14 50.0 ±2.8 42.2 ±2.5 

5 50.0±5.63 58.0±6.10 9.0±0.09 14.3±0.28 59.0 ±1.6 72.3 ±2.4 

6 38.0±4.15 47.3±5.84 4.1±0.08 11.0±0.32 42.1 ±3.3 58.3 ±1.3 

7 36.4±4.10 45.0±4.89 3.2±0.06 10.0±0.09 39.6 ±3.1 55.0 ±3.0 

 Note: Results are mean ± S.E. of three replicates (n=3).  

           TV– Trichoderma viride, PC– Phanerochaete chrysosporium NCIM 1197 

 

Table 5 

Effect of temperature on fermentation for T. viride + P. chrysosporium NCIM 1197 
 

 

Temperature 

(°C) 

Ethanol yield (g/L) 

S. cerevisiae 

NCIM 3095 

S. uvarum 

NCIM 3455 

S. pombe 

NCIM 3457 

P. stipitis 

NCIM 3498 

C. shehatae 

NCIM 3500 

Z. mobilis 

NCIM 2915 

20 9.8 ± 1.20 7.8 ± 0.54 7.3 ± 0.52 9.4 ± 0.08 7.8 ± 0.09 5.0 ± 0.07 

25 10 ± 1.30 8.4 ± 0.56 7.8 ± 0.41 13.5 ± 0.64 10.6 ± 0.18 8.6 ± 0.09 

30 11.8 ± 0.94 8.7 ± 0.35 8.4 ± 0.40 14.2 ± 1.32 11.8 ± 0.34 11.0 ± 0.47 

35 10.12 ± 1.40 8.2 ± 0.47 7.6 ± 0.23 12.0 ± 0.94 9.8 ± 0.45 10.4 ± 0.35 

40 9.4 ± 0.87 7.9 ± 0.68 6.9 ± 0.09 12.4 ± 0.92 8.5 ± 0.64 8.4 ± 0.41 

Note: Results are mean ± S.E. of three replicates (n=3).  

 

Table 6 

Effect of pH on fermentation for T. viride + P. chrysosporium NCIM 1197 
 

 

pH 

Ethanol yield (g/L) 

S. cerevisiae 

NCIM 3095 

S. uvarum 

NCIM 3455 

S. pombe NCIM 

3457 

P. stipitis 

NCIM 3498 

C. shehatae 

NCIM 3500 

Z. mobilis 

NCIM 2915 

4 11.0 ± 1.10 8.0 ± 0.78 7.8 ± 0.14 14.0 ± 1.14 10.7 ± 0.87 10.0 ± 0.94 

5 11.9 ± 1.0 8.2 ± 0.54 8.1 ± 0.23 14.3 ± 0.98 11.0 ± 0.84 11.4 ± 1.0 

6 12.4 ± 0.94 8.6 ± 0.36 8.0 ± 0.65 14.6 ± 1.11 11.8 ± 0.96 12.0 ± 1.20 

7 11.6 ± 0.65 8.1 ± 0.47 7.7 ± 0.87 14.0 ± 1.0 10.4 ± 0.74 10.8 ± 0.87 

8 11.0 ± 0.68 7.7 ± 0.25 7.2 ± 0.09 13.2 ± 0.91 10.0 ± 0.64 10.2 ± 0.83 

Note: Results are mean ± S.E. of three replicates (n=3).  

 

Table 7 

Effect of inoculum concentration on fermentation for T. viride + P. chrysosporium NCIM 1197 
 

 

Inoculum 

Concentration 

(%) 

Ethanol yield (g/L) 

S. cerevisiae 

NCIM 3095 

S. uvarum 

NCIM 3455 

S. pombe 

NCIM 3457 

P. stipitis 

NCIM 3498 

C. shehatae 

NCIM 3500 

Z. mobilis 

NCIM 2915 

1 10.4 ± 0.45 8.4 ± 0.24 7.4 ± 0.09 13.4 ± 0.45 10.8 ± 0.25 10.2 ± 0.16 

2 10.8 ± 0.44 8.9 ± 0.29 8.0 ± 0.15 13.9 ± 0.53 10.9 ± 0.34 11.4 ± 0.28 

3 11.4 ± 0.36 9.9 ± 0.34 8.6 ± 0.21 14.3 ± 0.54 11.8 ± 0.26 12.4 ± 0.19 

4 11.0 ± 0.38 9.6 ± 0.35 8.0 ± 0.26 14.0 ± 0.64 10.2 ± 0.33 11.0 ± 0.34 

5 10.6 ± 0.29 9.0 ± 0.28 7.4 ± 0.33 13.5 ± 0.61 9.4 ± 0.22 10.6 ± 0.37 

 Note: Results are mean ± S.E. of three replicates (n=3) 
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Figure 7: Graphical representation of effect of inoculum concentration on fermentation used  

for T. viride + P. chrysosporium NCIM 1197 

Note: SC–Saccharomyces cerevisiae NCIM 3095, SU–Saccharomyces uvarum NCIM 3455,  

SP–Schizosaccharomyces pombe NCIM 3457, PSt–Pichia stipitis NCIM 3498, CS–Candida shehatae NCIM 3500 

and ZM-Zymomonas mobilis NCIM 2915 
 

In the present study, we have to use more efficient 

cellulolytic fungi Trichoderma viride and lignin degrading 

fungi P. chrysoprorium NCIM 1197 was selected for 

microbiological treatment. Hatakka42 proposed a biological 

pretreatment of wheat straw using white rot fungi instead of 

thermo chemical pretreatment. Even though he was able to 

produce high ethanol yield, the requirement for sterile 

incubation of biomass for 5 weeks proves the technique non-

economic and practically impossible. Hatakka also tested a 

semi bio-chemical treatment with a reduced time of 

biological treatment and subsequent thermo chemical 

pretreatment. But some sugars released by the initial 

biological treatment were converted to inhibitors in the later 

chemical treatment. 

 

The organisms predominantly responsible for 

lignocelluloses degradation are fungi and the most rapid 

degraders in this group are basidiomycetes43,44. The ability 

to degrade lignocelluloses efficiently is thought to be 

associated with a mycelial growth habit that allows the 

fungus to transport scarce nutrients such as nitrogen and iron 

to a distance into the nutrient-poor lignocellulosic substrate 

that constitutes its carbon source45. The fungal degradation 

occurs exocellular either in association with the outer cell 

envelope layer or extracellular because of the insolubility of 

lignin, cellulose and hemicelluloses46.  

 

Fungi have two types of extracellular enzymatic systems: the 

hydrolytic system, which produces hydrolases that are 

responsible for polysaccharide degradation and a unique 

oxidative and extracellular ligninolytic system which 

degrades lignin and opens phenyl rings. Several 

microorganisms, mainly fungi have been isolated and 

identified as lignocellulolytic organisms47. In the present 

work, ethanol yield was observed at range of 20 to 40 °C. 

For S. cerevisiae NCIM 3095, P. stipitis NCIM 3498, C. 

shehatae NCIM 3500 and Z. mobilis NCIM 2915, 30 °C was 

optimum with the treatment of T. viride + P. chrysoprorium 

NCIM 1197 (TV+PC) on areca nut husk.  

 

Extracellular enzymes produced during fungal pretreatment 

of corn stover were extracted and assayed to determine the 

activities of oxidative and hydrolytic enzymes. No LiP was 

detected during the corn stover decay process47, which is 

consistent with the observations of Ruttimann-Johnson et 
al48 and Rajakumar et al49 that C. subvermispora lacks LiP 

activity in either liquid culture or solid culture. MnP and 

laccase were two major lignin degradation enzymes detected 

in the solid culture on corn stover47. 

 

The main drawback that is limiting the industrial use of this 

kind of pretreatment in lignocellulosic ethanol production is 

represented by the very low process rate50. The fact that 

some of the carbohydrate fraction is consumed by the 

microorganism could also be a disadvantage51,52.  

 

Fungal pre-treatment of lignocellulosic materials is an 

important biological pre-treatment method in which 

microorganisms are used for selective degradation of lignin 

and hemicelluloses. It is a safe, environmentally friendly and 

less energy intensive method compared to other pre-

treatment methods. Fungal pre-treatment, however, has not 

received much attention in the past probably due to the 

substantial loss in cellulose and hemicellulose during the 

pre-treatment step and the very slow rate of hydrolysis 

reaction leading to long pre-treatment time, both of which 

tend to reduce the overall yield.  

 

Conclusion 
Compared to current leading thermal or chemical 

pretreatment processes, fungal pretreatment with white rot 

fungi is an environmental friendly and energy-efficient 
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process. In the present work, fungal treatment of areca nut 

husk was found to be the best method of saccharification. 

Consortium of fungi was more effective (Trichoderma viride 
with Phanerocheate chrysoprorium NCIM 1197). White rot 

fungi with a high selectivity of lignin degradation over 

cellulose loss are important for fungal pretreatment. 

Complete decontamination may not be necessary since white 

rot fungi can survive in contamination and actively act on 

degradation. Fungal pretreatment prior to mild physical and 

chemical pretreatment has shown synergism on the 

improvement of cellulose digestibility with advantages 

similar to that of the biopulping process. Fungal 

pretreatment can modify the cell walls before evident 

degradation takes place; the required pretreatment severity 

of thermo-chemical pretreatment can be substantially 

reduced. In the present study, Pichia stipitis NCIM 3498 was 

found to give better ethanol yield after fermentation from 

areca nut husk followed by Candida shehatae NCIM 3500 

and Zymomonas mobilis NCIM 2915. 
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