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Abstract- The ever-increasing demand for fossil fuel, 

the limitation of universal petroleum reserves and 

the impact of greenhouse gases (resulting from 

petroleum burning) on climatic change have 

augmented the requirement for sustainable and 

renewable biological fuels an imperative for the 

future. Lignocellulosic materials are abundant 

source for ethanol production. Lignocellulosic 

biomass constitutes a substantial renewable 

substrate for bioethanol production that does not 

compete with food and animal feed and is a 

promising feedstock for future renewable fuels. 

Thermophillic bacterium produce cellulase enzyme 

which hydrolysis pretreated biomass and converts 

simple sugars to ethanol. The effect of nutrients on 

cellulase & ethanol yield from pretreated Allium 

ascalonicum leaves using the thermophillic bacterial 

isolate was estimated and statistically optimized 

using RResponse Surface Methodology. The present 

study compares these approaches for cellulase 

production for enzymatic hydrolysis of Allium 

ascalonicum leaves biomass to maximize cellulosic 

monomers for ethanol production. 

Keywords: cellulase, consortia, ethanol, 

optimization, response surface methodology 

 

1. Introduction 

Ethanol is a volatile, flammable, colorless 

liquid with a slight chemical odor and it is a non-toxic 

fuel. This bio ethanol can be used as a bio fuel in 

automobiles in order to reduce the amount of carbon 

emission from the automobiles. Bio ethanol can be 

produced by converting Lignocellulosic biomass into 

bio ethanol. (Klein et al., 2016).  

Lignocellulosic biomass is a plant dry 

biomass most abundantly available feedstock for 

biofuel production, mainly for bioethanol. 

Lignocellulosic biomass is rich in carbohydrate consists 

of cellulose, hemicelluloses and lignin. The aromatic 

lignin which connects the cellulose and hemicelluloses 

in the plant cell wall. (Klein et al., 2016). The cellulose 

and hemicelluloses are hydrolyzed by acid 

pretreatment. (Vandenbossche et al., 2014), (Varma et 

al., 2013). The lignocelluloses feedstock used is Allium 

ascalonicum leaf. This lignocellulosic biomass is 

converted into bioethanol by consolidated bio 

processing method using thermophilic cellulolytic 

bacteria. (Satoshi et al.,). 

This bioethanol production is performed by 

consolidated bio processing at low cost. Consolidated 

bio processing method follows four biological 

processes (Production of cellulolytic enzymes, 

Hydrolysis of Polysaccharides present in Pre-treated 

biomass, Fermentation of hexose sugar and 

Fermentation of pentose sugars) in a reactor. The 

cellulolytic enzyme is produced by the thermophilic 

cellulolytic bacteria. This bacteria acting as the primary 

candidate for consolidated bioprocess method. (Satoshi 

et al.,). 

Thermophilic cellulolytic bacteria capable of 

producing cellulolytic enzyme. Bioconversion of 

cellulose into bioethanol from Allium ascalonicum leaf 

is performed by cellulolytic bacteria using one factor at 

a time method. Being cellulolytic and ethanologenic 

abilities, capable of directly converting a cellulosic 

substrate into ethanol. 

  

https://en.wikipedia.org/wiki/Volatility_(chemistry)
https://en.wikipedia.org/wiki/Flammability
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2. Experimental Methods 

2.1 Chemicals: 

High purity of sodium chloride, carboxy methyl 

cellulose, dinitro salicylic acid, ammonium chloride, 

citric acid, disodium hydrogen phosphate, cellulase, 

sodium chlorite and glucose were procured from 

Sigma–Aldrich (Bommasandra, Bengaluru, India) used 

for proximate biochemical analysis. Acetic acid and 

nitric acid was used for pretreatment of Allium 

ascalonicum leaves was purchased from Merck 

Chemicals Ltd., Mumbai, India. Additional chemicals 

and solvents used in this research study purchased from 

Sigma Aldrich or Merck.  

2.2 Sample Collection and Handling: 

The Allium ascalonicum leaves were collected in 

polythene bags from the agricultural field of Erode 

District. The cellulolytic thermophilic microbes were 

isolated from the compost soil. The Allium ascalonicum 

leaves were dried in hot air oven at 60⁰C for 3 hrs and 

grounded to powder. The powdered leaves were then 

stored in 4⁰C for further use. 

2.3 Proximate Biochemical Characterization: 

Moisture, ash, lipid, Starch, protein, cellulose, 

hollocellulose, hemicellulose and total solids were 

estimated by standard AOAC 2000 methods. 

2.4 Acid Pretreatment of The Sample:  

The lignin was removed from the cellulose by 

acid pretreatment. 1 gram of the sample was taken in 

triplicate and 3 ml of acetic/nitric reagent was added to 

each and every test tube and mixed well in a vortex 

mixer. Then the sample was heated for 30 min in water 

bath at 100⁰C. While heating the sample gets changed 

into orange yellowish in color. The yellow color 

indicates the presence of lignin content. The residue 

was washed with distilled water and 1:1 ratio of 

acetone and ethanol using filter paper until the residue 

comes to white color. The white color residue indicates 

the cellulose content in the sample. Initially the filter 

paper was weighed and the filter paper with the residue 

was dried in hot air oven for 30 min. The weight of the 

filter paper with the residue was weighed and the 

amount of cellulose content was estimated. These 

pretreated samples were used for the production of 

bioethanol. 

2.5 Isolation of Cellulolytic Bacteria From Compost 

Soil:  

Media has been prepared for isolating 

cellulolytic thermophilic microbe. The media 

composition were 1g – peptone, 1g-CMC, 0.2g-

K2HPO4, 1.5-agar, 0.03g-MgSO4.7H2O, 0.25g-

(NH4)2SO4. Compost soil has been taken from our 

college. 1 gram of the sample was weighed and 10 ml 

of distilled water was added to it. The sample was then 

serial diluted up to 10-5 dilution rate. The serially 

diluted sample was then spread plated in the media. 

From the spread plate a group of colony has isolated 

and streak plate has done to isolate single colony. The 

plate was then placed in an incubator for 48 hours at 

30⁰C for them to grow in a suitable condition. Single 

colony has been isolated from the plate. 

2.6 Identification Of Cellulolytic   Bacteria: 

The microbes were identified 

morphologically and gram’s staining was performed to 

view the shape and nature of the bacteria. 

The CMC agar plates were flooded with 1 % 

Congo red and allowed to stand for 15 min at room 

temperature. One molar NaCl was thoroughly used for 

counterstaining the plates. In other case Gram’s iodine 

flooded over the CMC agar. Clear zones were appeared 

around growing bacterial colonies indicating cellulose 

hydrolysis. The bacterial colonies having the largest 

clear zone were selected for identification and cellulase 

production in submerged system. 

2.7 Cellulase Assay  

The culture medium was centrifuged at 5000 

rpm for 20 min at 4°C. The supernatant was used as 

crude enzyme  source  for  cellulase  assay.  0.450ml  

of  1% Carboxy methyl cellulose  as  the  substrates  in  

0.2M  citrate  phosphate  buffer  (pH-5)  and  incubated  

at  55°C  for  15 min.The  reaction  was  terminated  by  

addition  of  0.5ml  of  Dinitro solicilic acid  reagent  
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and  tubes  were  kept  at boiling water bath for 5min. 

After cooling the tubes at room temperature, 3ml of 

distilled water was added in each tube.  The  intensity  

of  the  color was  read  at  540nm.Standard  curve  was 

performed  with  glucose  solution.  One  unit  of  

enzyme  activity  was  defined  as  the  amount  of 

enzyme  required  for  release  1µ mol  of  glucose  per  

minute  under  assay  condition. 

2.8 Biochemical Test: 

 Biochemical test were performed to identify 

the type of organism. Indole test, MR-VP test, 

carbohydrate, citrate test, TSI test were some of the 

biochemical test performed. 

2.9 One-factor-at-a-time Method: 

 In this one factor at a time method the 

effective results were observed for all single media 

components. The media was prepared with one element 

at a time. Pretreated sample was taken as a carbon 

source. Peptone, yeast extract, Sodium chloride, 

KH2PO4, K2HPO4, Ammonium chloride, Ammonium 

nitrate, Magnesium chloride, Copper sulphate, Zinc 

chloride were some of the elements used for the 

process. 

2.10 Plackett Burman Design: 

 The Plackett–Burman design was firstly 

employed to identify the significant variables on 

ethanol production from the main inorganic 

components, yeast extract. According to Plackett–

Burman design, each variable is represented at two 

levels, high (+1) and low (-1). In this study, seven 

assigned variables together with four dummy variables 

were tested in 12 experiments. 

EVi =∑yVi(+)-∑yVi(-)/(N/2) 

  

where EVi represents the effect of variable i, yVi(+) and 

yVi(-)  are the response of the high and low levels of 

variable i, respectively, N stands for number of trials. 

And then the standard deviation (SD) of dummies was 

calculated by: 

𝑆𝐷 = √∑(𝐸𝑑)2/𝑛 

where SD represents the effect of dummy variables, 

and n is the number of the dummy variables. T-test was 

finally performed as follows to determine the 

significance of these factors. 

𝑡𝑣𝑖 = 𝐸𝑣𝑖/𝑆𝐷 

Four dummy variables were studied in 12 experiments 

to calculate the standard error. R2 (the coefficient of 

determination) was used to examine the fitness of the 

Plackett–Burman design. Average value of ethanol 

production was taken as the response. Variables with 

confidence levels above 90% were considered to have 

significant effect on ethanol production and thus were 

used for further optimization. 

2.11 Response Surface Methodology: 

Response surface method was used to optimize the 

effect of bacterial growth, cellulose activity and ethanol 

concentration for different media composition. A full 

quadratic polynomial regression model was used to 

correlate the experimental data. The established 

polynomial equation was used to plot three-

dimensional (3-D) surfaces and visualize individual and 

interactive effects of the process factors on the response 

variables within the predefined range. 

3.Results And Discussions 

3.1 Sample Collection: 

Allium ascalonicum leaf were collected from 

agricultural field and dried in hot air oven at 60°C for 3 

hr and made as powder. The dried powdered sample 

was stored at 4°C for further studies. 
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Fig3.1 Fresh sample Fig 3.2 Dried sample 

3.2 Biochemical Characterization: 

Allium ascalonicum leaf was a good raw 

material for ethanol production. The Allium 

ascalonicum leaf a rich source of carbohydrates. 

Anbuselvi and Balamurugan (2013) reported 

biochemical characterization of cassava pulp and 

leaves. In their work they have estimated the amount of 

protein content present in cassava pulp (6.8/mg) and 

leaves (7.0/mg). Roviero et al., (2015) has reported the 

cellulose and lignin content of sugarcane juice under 

biochemical characterization. The values obtained from 

cellulose and lignin, for sugar cane bagasse were 

around 48% and 34.5%. 

The protein content present in Allium 

ascalonicum leaf has been estimated to have 0.043% 

(w/w). The leaves have been estimated to have 11.8 % 

of cellulose content and 0.12 % lignin content. 85 % of 

moisture content and 15 % of total solid contents were 

estimated in Allium ascalonicum leaf. 

The biochemical constituents of Allium ascalonicum leaf were summarized in Table 3.1. 

Table: 3.1: Biochemical composition of Allium ascalonicum leaf 

Constituents % 

Total Moisture Content 85 ± 0.1 

Total Solids 15 ± 0.1 

Total Cellulose Content 11.8 ± 0.004 

Total Protein Content 0.043 ± 0.0002 

Total Nitrogen Content 0.0069 ± 0.0002 

Total Lignin Content 0.12 ± 0.01 

4.3 Pretreated Sample: 

The sample was hydrolyzed by acid pretreatment for the removal of cellulose content combined with lignin. 

Acid reacts directly with the substrate and removes all the lignin content present in the sample. The lignin was removed 

from the residue by repeated washing with distilled water and acetone and ethanol in 1:1 ratio. The washed residue 

contains only cellulose content. 
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3.4 Isolation Of Cellulolytic Thermophilic Microbe From Compost Soil: 

 The compost soil contains the microbes which has been isolated for checking the cellulase productivity. 1 gram 

of sample was taken and 10 ml of distilled water was added to it. Then serial dilution was performed up to 10-5 dilution 

rate in test tubes. The serially diluted soil sample was plated by spread plate technique in CMC agar plate. Then a group 

of colony has been isolated from the spread plate and streak plate was performed to isolate a single colony. 6 isolates has 

been marked and plated in CMC agar plate. 

3.5 Identification Of Cellulolytic Thermophilic Microbe: 

3.5.1 Colony Morphological Identification: 

 Six isolates has been isolated from spread plate and plated in CMC agar plate by streak plate technique (Fig 

3.6). Morphological identification was observed for the six isolates showe in Table 3.2. The isolate 1 and isolate 2 were 

circular in shape. Isolate 3 appeared as filamentous in shape. Isolate 4, 5 and 6 were appeared as irregular in shape. Then 

size of the isolate was examined for these six isolates. Isolate 1 appeared as puncti form and isolate 2 appeared as small in 

size. The size of the isolates 4, 5 and 6 were larger in size. On observing the elevation part the isolate 1, 3 and 5 were flat 

and the isolates 2, 4 and 6 were slightly raised. Margin of isolate 1 and 2 were entire and isolate 4, 5 and 6 were undulate. 

Isolate 3 appeared as filamentous in nature. 

 The texture and appearance of all the isolates was smooth and glistening in nature except isolate 3 which has 

rigid texture and dull appearance. Only isolate 6 was observed as pigmented (pale green) microbe where all other isolates 

were observed as non-pigmented. The optical property of the isolates was also noted. Isolate 3 was translucent and all the 

other isolates were opaque in nature. 

  

Fig 4.4 Dried sample        Fig 4.5 Pretreated sample 
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Figure 3.3 Biochemical profile of Allium ascalonicum leaf
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a)Isolate 1 

 
b) Isolate 2 

 
c) Isolate 3 

 
d) Isolate 4 

 
e) Isolate 5  

d) Isolate 6 

Figure 3.6 Different bacterial isolates 
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Table 3.2 Morphological characteristics of isolated cellulolytic bacterium

S.No Morphology Observation 

Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 Isolate 6 

1 Shape Circular Circular Filamentous irregular Irregular Irregular 

2 Size(diameter) Punctiform Small Large large Large Large 

3 Elevation Flat Raised Flat raised Flat Raised 

4 Margin Entire Entire Filamentous undulate Undulate Undulate 

5 Texture Smooth Smooth Rigid smooth Smooth Smooth 

6 Appearance Glistening Glistening Dull glistening Glistening Glistening 

7 Pigmentation Non 

Pigmented 

Non 

pigmented 

Non 

pigmented 

Non 

pigmented 

Non 

Pigmented 

Pigmented 

(pale green) 

8 Optical property Opaque Opaque Translucent opaque Opaque Opaque 
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3.5.2 Gram’s Staining: 

 Gram’s staining was performed for all the six 

isolates. The six isolates were smeared on a glass slide 

and few drops of crystal violet were added to the smear. 

Then the slides were washed with distilled water and 

then few drops of iodine solution was added and left it 

for few seconds. The slide was then washed with 

distilled water and followed by few drops of saffranin 

and allowed it for few minute. Finally the slide was 

washed with distilled water and viewed under light 

microscope. The first four isolates were observed to be 

gram negative bacteria and rod shaped. The isolate 5 

was a gram positive bacteria and rod shaped. The 

isolate 6 was a gram negative and spherical in shape 

(Table 4.3). 

 

 

 

 

Table 3.3 Gram’s staining 

S.No Isolate Observation 

1 I (-ve) Rod 

2 II (-ve) Rod 

3 III (-ve) Rod 

4 IV (-ve) Rod 

5 V (+ve) Rod 

6 VI (-ve) Spherical 

 

3.5.3 Identification of cellulase producing bacteria 

by gram’s iodine:  

The CMC agar plates were flooded with 

Gram’s Iodine and observed the zone of clearance 

which indicates cellulose hydrolysis. In Fig 4.7 clear 

zones were appeared around growing bacterial colonies 

indicating cellulose hydrolysis. The bacterial colonies 

having the largest clear zone were selected for 

identification and cellulase production in submerged 

system. 

 

a) Isolate 1 

 

b) Isolate 2 

 

c) Isolate 3 
  

d) Isolate 4 
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e) Isolate 5 
 

f) Isolate 6 

Fig 3.7 Gram’s iodine test for cellulose hydrolysis 

 

3.5.4 Cellulase assay 

 From the CMS hydrolysis assay cellulase 

activity of isolated different bacterial strains were 

recorded. The results shows that for the isolates 1 to 6, 

cellulase activity varied in the range of 0.26 to 1.57 

IU/ml which is projected in Table 4.4. 

Tale 3.4 Cellulase activity of isolated microorganism 

 Cellulase activity(IU/ml) 

Isolate 1 0.7 

Isolate 2 0.23 

Isolate 3 0.09 

Isolate 4 1.57 

Isolate 5 1.02 

Isolate 6 0.26 

3.6 Biochemical Tests: 

 Isolate 4 has the high cellulose activity and 

selected for the further work. This isolate 4 has been 

selected and biochemical tests were performed to 

identify the organism. 

3.7 Plackett Burmann Design: 

The Plackett-Burman experimental design was used in 

this work to screen the significant hydrolysis and 

fermentation parameters on bioethanol production from 

pretreated sample. Design-Expert (STAT-EASE Inc., 

Version 10(32-bit)) was applied for the experimental 

design and the analysis of data obtained. Eleven 

independent variables (Table 1) in twelve combinations 

were organized according to the Plackett-Burman 

design matrix (Table 2). For each variable, a high (+1) 

and a low (-1) level was tested. 

Table 1: Experimental range and levels of independent variables in the Plackett-Burman    experiment. 

Variables Range 

High Low 

A.Pretreated sample +1 -1 

B.Yeast extract  +1 -1 

C.Peptone +1 -1 

D.Ammonium chloride +1 -1 

E.Dipotassium hydrogen phosphate +1 -1 

F.Sodium chloride +1 -1 

G.Potassium dihydrogen phosphate +1 -1 

H.Ammonium nitrate +1 -1 
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I.Magnesium chloride +1 -1 

J.Copper sulphate +1 -1 

K.Zinc sulphate +1 -1 

Table 2:Plackett-Burman design matrix representing the coded values for 11 independent variables. 

Run A B C D E F G H I J K Cellulase 

activity IU/ml 

Ethanol 

concentration g/L 

1 1 1 -1 1 1 1 -1 -1 -1 1 -1 0.506 0.176736 

2 1 1 1 -1 -1 -1 1 -1 1 1 -1 0.475 0.09468 

3 -1 -1 1 -1 1 1 -1 1 1 1 -1 0.504 0.129396 

4 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0.524 1.30974 

5 1 -1 1 1 -1 1 1 1 -1 -1 -1 0.509 0.132552 

6 1 -1 -1 -1 1 -1 1 1 -1 1 1 0.553 0.119928 

7 -1 1 1 -1 1 1 1 -1 -1 -1 1 0.49 0.074166 

8 -1 1 -1 1 1 -1 1 1 1 -1 -1 0.564 0.09468 

9 -1 -1 -1 1 -1 1 1 -1 1 1 1 0.777 0.566502 

10 -1 1 1 1 -1 -1 -1 1 -1 1 1 0.502 0.159378 

11 1 -1 1 1 1 -1 -1 -1 1 -1 1 0.516 0.093102 

12 1 1 -1 -1 -1 1 -1 1 1 -1 1 0.55 0.0789 

 

3.8 Response Surface Method: 

Response surface methodology (RSM) based 

on Box Benhen Design (BBD) was used to determine 

the optimum condition for maximum level of 

bioethanol production from the pretreated sample. The 

four most significant factors (pretreated sample, 

peptone, potassium di hydrogen phosphate and sodium 

chloride) were investigated at five different levels ( -1, 

0, 1) (Table 1) and the experimental design used for 

this study is shown in Table 2. All trials were 

performed, with the mean values of ethanol 

productivity considered as the response. 

 

Table 1  

Run P.Sample Peptone Nacl KH2PO4 

Cellulase 

activity IU/ml 

Ethanol 

concentration 

g/L 

1 4 3 3 3 0.316879 0.995718 

2 4 5 3 3 0.503523 1.40915 

3 4 3 3 3 0.399424 0.95807 

4 4 3 5 3 0.463405 0.95667 

5 3 4 2 2 0.566343 0.93932 

6 5 2 4 4 0.493052 0.81763 

7 3 4 4 4 0.120937 0.90938 

8 4 3 1 3 0.0686086 0.672228 

9 5 4 2 4 0.0825629 0.93143 

10 3 4 4 2 0.172103 0.95825 

11 5 4 4 2 0.081993 0.82827 

12 4 1 3 3 0.115123 0.850722 

13 4 3 3 5 0.353509 0.33927 

14 5 4 4 4 0.153497 0.762174 

15 5 2 2 4 0.012465 0.353472 

16 3 4 2 4 0.35816 0.9865 

17 5 4 2 2 0.281412 0.645582 

18 3 2 4 2 0.355835 0.83156 

19 3 2 4 4 0.362812 0.90974 
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20 3 2 2 4 0.265132 0.937872 

21 4 3 3 3 0.376754 0.9653 

22 4 3 3 1 0.645465 0.80794 

23 5 2 4 2 0.021753 0.787422 

24 3 2 2 2 0.225013 0.82056 

25 2 3 3 3 0.120937 0.87065 

26 5 3 3 3 0.247689 0.904194 

27 4 3 3 3 0.333147 0.939676 

28 5 2 2 2 0.122222 0.885258 

29 4 3 3 3 0.338985 0.95528 

30 4 3 3 3 0.383156 0.94955 

 

The following fig shows the RSM of 

cellulose activity:
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The following fig shows the RSM of ethanol concentration: 



15 

 

 

 

 

 

 

 

 

 

 



16 

 

4. Conclusion 

 The lignocellulosic feedstock is the most 

permissible potential source for bioethanol production. 

Allium ascalonicum leaf contains 15% cellulose on the 

dry weight basis, which should be the potential source 

for fuel production. Six different bacterial isolates were 

selected and screened for cellulase and ethanol 

production. 
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