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Abstract
The aim of this study was to check the ethanol yield of locally available lignocellulosic biomass (Eragrostis airoides Nees) 
by enzymatic saccharification and microbial fermentation. Two types of physico-chemical pretreatments were stud-
ied (dilute acid and alkaline). Physico-chemical pretreatment with dilute acid showed to be superior over the alkaline 
treatment with respect to the rate of enzyme hydrolysis and ethanol productivity. In the pretreatment conditions, the 
5% acid + autoclave yielded the highest concentrations of total reducing sugar (25.46 g/L) and enzymatic hydrolysis 
(9.13 g/L). Fermentation of the E. airoides hydrolyzates by Saccharomyces cerevisiae produced a fermentation yield of 
17.56 g/L ethanol. Therefore, E. airoides could be utilized to produce bioethanol and it can be a potential candidate for 
future bioethanol production as suggested by the analysis.
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Abbreviations
TRS  Total reducing sugar
LCB  Lignocellulosic biomass
IBUS  Integrated Biomass Utilization System
TGA   Thermogravimetric analysis
XRD  X-ray diffraction
FTIR  Fourier transform infrared spectroscopy
DNS  Dinitrosalicylic acid
ν  Enzyme hydrolysis rate
Glut  Glucose concentration at time t
Gluo  Initial glucose concentration at time
S. cerevisiae  Saccharomyceae cerevisiae
GC  Gas chromatography
NDF  Neutral detergent fiber
ADF  Acid detergent fiber
TFS  Total fermentable sugar
P  Pretreatment
EH  Enzymatic hydrolysis

SHF  Separate hydrolysis and fermentation
SSF  Simultaneous saccharification and 

fermentation

1 Introduction

The use of fossil fuels and its adverse effects resulting 
in the global warming by emitting greenhouse gases 
became a matter of concern to the human nation [1]. 
Several countries have already started working on pro-
gressive alternative renewable energy production in 
order to replace the conventional fossil fuels, especially 
in the transport sector. In this context, bioethanol from 
lignocellulosic biomass (LCB) is considered to be one of 
the important promising alternative liquid fuels [2]. The 
use of lignocellulosic biomass as feedstock for bioetha-
nol production [3] has certain advantages over the fossil 
fuels. LCB has a high potential for ethanol production, 
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they are abundant renewable resources, has a variety 
of source, do not compete with the first generation of 
biofuel, and could integrate as Integrated Biomass Utili-
zation System (IBUS) [4].

The traditional production of bioethanol involves fer-
mentation of sugars derived from sugarcane or starch 
followed by ethanol recovery [5]. Biofuels produced from 
these processes is termed as “first generation of biofuels”. 
The first generation of biofuel has certain disadvantages 
like; it competes with the food crops. The second genera-
tion of biofuel (based on non-food crops) has a greater 
potential of sustainability as compared to former. LCB 
falls under the second generation of biofuel and showed 
potential conversion to bioethanol. Structurally, LCB is 
composed of cellulose, hemicellulose and lignin [6, 7] 
with a trace amount of inorganic materials. A Cellulose 
portion of the LCB is the predominant natural biopolymer 
with great abundance, sustainability supply and relatively 
low cost [8]. LCB is particularly attractive as feedstock and 
could be utilized for production of ethanol in three-step 
process: firstly, it is pretreated with dilute acid to rupture 
the polymeric structure thereby increasing the enzyme 
susceptibility; secondly, the cellulose is converted to 
glucose sugars by enzymatic hydrolysis; and thirdly, con-
version of the resulting hexose sugars into ethanol by 
fermentation.

The pretreatment technology is one of the main steps 
involved in the conversion of biomass to bioethanol pro-
duction [9, 10]. It helps in loosened the cellulose fibres 
from the matrix of lignin, thereby allowing the enzyme to 
hydrolyze. The treatment also provides more enzyme sus-
ceptibility to the biomass. Various types of pretreatment 
(physical, chemical and/or biological or combination of 
all) have been developed in other to yield more ethanol 
cost-effectively. However, not every kind of LCB can be 
pretreated in the same way in the same conditions [11]. 
The pretreatment methods, conditions, will be different 
according to the type of biomass used. For example, steam 
explosion pretreatment of agro-residues like corn stover 
and rice straw had been tested and found that an addi-
tional acid hydrolysis step was needed for producing high 
sugars from the biomass, thus need to put more research 
into determine the best possible pretreatment strategy 
that can satisfy the features of good pretreatment [11].

There are mainly two approaches to saccharification; 
acid based and enzyme based. The enzyme -based tech-
nology has certain advantages over the acid based treat-
ment due to higher conversion efficiency, lack of inhibitory 
compounds, no need of recycling the acid, non-corrosive, 
non-toxic to the environment etc. [12]. For example, sev-
eral strains of fungal have been developed since then to 
enhance the cellulase production due to increase cost 
of the fermentation process. One such commercially 

available enzyme used in the production of cellulase is 
Trichoderma reesei [13].

In India, the ethanol is mainly produced from sugar-
cane and molasses in large quantity [14]. India stands at 
fifth position in total ethanol production in the world. It 
contribute around 3% whereas, USA, Brazil, EU and China 
contributes 53%, 21%, 6%, 7% respectively. The present 
context of 5% blending will increase to 20% by 2017 
according to National Biofuel Policy 2008, Govt. of India. 
It can be mentioned that the total demand for ethanol in 
India might rise to 5.7 billion liters by 2017 [15]. To fulfil 
this gap between demand and supply, India needs to look 
upon the use of non-food crops, lignocellulose biomass 
and other waste materials for bioethanol production.

India is the world’s second largest producer of sugar 
but contributes relatively low ethanol [16]. It can be noted 
that India is home to an extraordinary variety of climate 
regions, having tropical, temperate and alpine regions. 
This indicates that India has a high potential of producing 
a variety of lignocellulosic biomass in terms of biodiver-
sity and availability. India has great advantages of being as 
three biodiversity hotspot (The Western Ghats, The Eastern 
Himalayas and Indo-Burma), allow an easy adaptation of 
different species and exploration of new raw material as 
energy crops such as grasses. North-East India is one of the 
national important regions with Indo-Burma biodiversity 
hotspot. The region has eight states with varieties of flora 
and fauna.

The present work focused on the physico-chemical 
compositional analysis and cellulosic bioethanol produc-
tion from grass sp. Eragrostis airoides by enzymatic hydrol-
ysis and microbial fermentation collected from North-East 
India. To the best of our knowledge, this feedstock has not 
been reported elsewhere on bioethanol production. The 
physico-chemical characterization of Eragrostis airoides 
grass was earlier reported by [17]. The plant biomass was 
selected based on the fact that, this biomass could be uti-
lized as one of the best potential candidate for bioethanol 
production [17]. The brief information about the plant spe-
cies is given in the discussion section (Table 4 of ESM). This 
biomass T. reesei was used as cellulase for sugar released 
from the biomass. The solid residue after pretreatment 
was utilized for enzymatic hydrolysis and then fermenta-
tion was carried out by using Saccharomyces cerevisiae. 
Our overall idea was to produce the bioethanol from LCB 
which are not explored or attempted earlier for bioethanol 
production. We aim to explore such biomasses which are 
growing abundantly in hilly terrain areas and this could be 
future substrate for bioethanol production.
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1.1  Novelty of this research article

We have thoroughly search the literature and found that 
there is huge gap in producing biofuel using different 
sources of feedstock. The feedstock such as lignocellulosic 
biomass which comes under second generation of biofuel 
will be future raw materials for biofuel production. In addi-
tion, the future biofuel production will be more localized 
to the domestic and resources available in the native vil-
lages. In this regards, it is very essential to study the energy 
content of different raw materials so that it can be utilized 
as feedstock for biofuel generation. We have explored 
a potential cellulosic grass biomass called as Eragrostis 
airoides Nees grass for better yield of bioethanol and we 
got the results which showing higher rate than other cel-
lulosic biomass.

2  Materials and methods

2.1  Plant material

Eragrostis airoides Nees was collected from Assam, a gate-
way of North-East India. This grass was collected during 
the total inflorescence period and handful amount of bio-
mass was handled carefully. Some of the twig containing 
inflorescence was separated out. The remaining biomass 
was dried in air. The dried sample was made a fine powder 
to a particle size less than 3 mm. The ground material was 
used as feedstock for bioethanol production.

2.2  Herbarium preparation and species 
identification

The twig containing inflorescence was washed thoroughly, 
pressed, dried, poisoned and pasted on the two sheets of 
the herbarium [17]. One copy of the herbarium specimen 
was submitted to Herbarium Unit of Botany Department 
of Gauhati University, Assam India for species taxonomi-
cal identification. The voucher number obtained from the 
herbarium unit was recorded properly. Another copy of 
the same herbarium specimen was maintained at Indian 
Institute of Technology Guwahati (IITG), Assam, India for 
future references and documentation.

2.3  Proximate analysis

The physico-chemical parameters of the collected sam-
ple were analyzed based on the proximate composition 
of the biomass as reported earlier [17]. Briefly, proximate 
analysis includes moisture, volatile, ash, fixed carbon, total 
solid, Thermogravimetric analysis (TGA) and X-ray diffrac-
tion (XRD), Fourier transform infrared spectroscopy (FTIR). 

The fiber analysis was performed using the fibra plus auto-
matic system (Pelican). The detailed biomass composition 
is given in the discussion section [17].

2.4  Microorganisms and maintenance

The yeast strain S. cerevisiae (MTCC 170) to be used for 
fermentation process was procured from IMTECH, Chan-
digarh India. The microorganism was grown at 30 °C main-
tained at 4 °C on MGYP agar plates containing (g/L) glu-
cose, 10; yeast extract, 3; malt extract, 3; peptone, 5; agar 
20 (pH 5.0). The cellulase from Trichoderma reesei ATCC 
26921 was procured from sigma and used for the enzy-
matic hydrolysis.

2.5  Pretreatments

2.5.1  Physico‑chemical pretreatments

The biomass was treated with different concentration 
of chemicals (acids and alkali). The concentration of the 
chemicals was examined properly. In all experiment 10% 
(w/v) powdered biomass in aqueous solution was taken. 
After the treatment, the biomass was filtered using a mus-
lin cloth and washed repeatedly with distilled water until 
the neutral pH of the washed water was achieved. The bio-
mass residue was dried overnight in an oven dry at 60 °C. 
This solid residue was used for further enzymatic hydrol-
ysis. The filtrate was analysed for total reducing sugar 
released during pretreatment. In this study, the physical 
and chemical methods of pretreatment were applied 
simultaneously. The autoclave pressure was released 
swiftly after the pretreatment.

2.5.1.1 Acid + autoclaving The biomass was subjected to 
different concentration of dilute sulphuric acid (1%, 3%, 
5%,7% w/v), at 121 °C, 15 psi for 20 min in a 250 ml Erlen-
meyer flask.

2.5.1.2 Alkali + autoclaving The biomass was subjected to 
different concentration of sodium hydroxide (1%, 3%, 5%, 
7% w/v) at 121 °C for 20 min in a 250 ml Erlenmeyer flask.

2.5.2  Total reducing sugars (TRS)

The total reducing sugars produced from pretreatment 
and hydrolysis of cellulose was measured by the dinitro-
salicylic acid (DNS) method [18]. The sugar containing 
biomass sample (after pretreatment and hydrolysis) were 
centrifuged at 11,000×g for 10 min. The supernatant was 
collected and analysed for sugar content using UV- visible 
spectrophotometer by running the standard glucose solu-
tion. The readings were taken at 550 nm.
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2.6  Enzyme hydrolysis

The pretreated biomass was used as a carbohydrate sub-
strate for enzymatic hydrolysis. The commercially avail-
able cellulase from Trichoderma reesei ATCC 26921 was 
procured from Sigma and used in enzymatic saccharifi-
cation. The pretreated biomass (10 gm) was dissolved in 
a 100 ml of sodium acetate buffer at pH 4.7 and it was 
autoclave at 121 °C, 15 psi, for 20 min. The enzyme was 
loaded to the sample after it was cool down. The mixture 
was incubated in a shaker water bath at 50 °C, 75 rpm for 
4 days. The reaction time was calculated as 1, 2, 3 and 
4 days. The reaction was stopped by placing the sample 
flask in boiling water for 5 min. The mixture was filtered 
and glucose concentration was measured.

2.6.1  Enzyme hydrolysis rate (ν)

The enzyme hydrolysis rate was calculated on the 
enzyme hydrolysis time. The ν was plotted as the con-
centration of glucose released per hydrolysis time.

where ν, enzyme hydrolysis rate (mg/ml glucose per hour); 
Glut, concentration of glucose at time t (mg/ml); Gluo, ini-
tial glucose concentration at time, 0 h (mg/ml); t, hydroly-
sis time (h) and  to, 0 h.

2.7  Analytical methods

The presence of sugars (glucose, xylose and arabinose) 
released during the pretreatment technology in the fil-
tered hydrolysates was detected by HPLC with capable of 
detecting refraction index using the reported methods 
[19].

2.8  Fermentation

Fermentation was carried out with the fungal S. cerevi-
siae. A growth medium (containing (g/L) glucose, 10; 
yeast extract, 3; malt extract, 3; peptone, 5; (pH 5.0) 
was prepared and fresh colonies from agar plate were 
selected and used to inoculate 50  ml of the growth 
medium in 250 ml Erlenmeyer flasks. The culture was 
grown in shaker bath; harvested and centrifuged at 
11,000×g. Cells were re-suspended in 2 ml of deionized 
water.

The 1 L flask containing enzyme hydrolysed pretreated 
biomass sample, 5 g yeast extract, and S. cerevisiae was 
inoculated. The pH was maintained at 6.0 and fermenta-
tion was carried out at 35 °C, 75 rpm, 72 h. After 72 h, the 

ν = dS∕dt = Glut − Gluo∕t−to

supernatants were collected and analysed for ethanol 
estimation.

2.8.1  Ethanol determination

The quantitative monitoring of the ethanol production 
in the fermentation process was carried out by using Gas 
chromatography (Shimadzu GC-14A Gas Chromatograph 
with a Restek RTX-5 capillary column and Fisher 1-butanol 
A383-1 as the internal standard). The column tempera-
ture was initially adjusted at 100 °C for 2 min; and further 
increased to 180 °C for 1 min, 220 °C with a rate of 5 °C/min 
for 5 min. The carrier gas  (N2) flow rate was maintained at 
1 ml/min. Four standards (10, 20, 30 and 40 ml of ethanol) 
are prepared in 50 ml volumetric flask. The percentage of 
ethanol in volume was counted as volume ethanol/total 
volume multiply by 100. Approximately 1 µL of standards 
and unknowns are injected into the column [20].

All the experiment’s results are taken after three con-
secutive reading.

3  Results

3.1  Plant material

The photograph of the plant material collected from 
Northeast India (Fig. 1A of ESM), the grounded plant bio-
mass material is given in powder form (Fig. 1B of ESM), 
herbarium specimen (Fig. 2 of ESM), taxonomical position 
of the plant species (Table 1 of ESM), and morphological 
characters of the plants (Table 4 of ESM) can be found from 
Data in support of Cellulosic bioethanol production from 
Eragrostis airoides Nees grass collected from Northeast 
India (as supplementary file).

3.2  Fiber analysis

The cellulose, hemicellulose, lignin, NDF and ADF of the 
biomass sample are presented in Fig.  1. The cellulose, 

Fig. 1  Composition of Eragrostis airoides (Adapted from [17])
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hemicellulose and lignin content were found to be 43.17%, 
30.89%, 10.94% respectively.

3.3  Physico‑chemical pretreatment

Chemical and physical pretreatment methods were 
applied simultaneously. Dilute acid  (H2SO4) and alkali 
(sodium hydroxide) of different concentration was treated 
with biomass and autoclaved were performed. The total 
fermentable sugar (TFS) was calculated based on the sugar 
released during pretreatment and enzymatic hydrolysis. 
The maximum TFS (60.67 g/100 g of biomass) was found 
in pretreatment condition with 5% acid + autoclave treat-
ment (Table 1). The minimum TFS (44.90 g/100 g of bio-
mass) was seen in 1% alkali + autoclaving.

3.4  Sugar assay

The individual sugars (glucose, xylose and arabinose) 
released during the pretreatment technology was 

determined by HPLC. The maximum glucose concentration 
(g/L) released in pretreatment condition 5% acid + auto-
clave was found to be 1.62 g/L (Fig. 2). The minimum was 
found in condition with 1% alkali + autoclave 1.12 g/L. 
The pentose sugars like xylose and arabinose were also 
released during pretreatment technology and their values 
are quite high as compared to glucose. The possible rea-
sons are discussed in the discussion section later.

3.5  Enzymatic hydrolysis

The enzymatic saccharification was carried out in different 
pretreatment conditions by using T. reesei. The saccharifi-
cation yield was determined and found that pretreatment 
condition in 5% acid + autoclaving shows maximum yield 
(Fig. 2). In all pretreatment conditions, the acid pretreated 
biomass showed higher saccharification than those 
treated with alkali (Fig. 3).

Table 1  Results of total 
fermentable sugar release 
(pretreatment + enzymatic 
hydrolysis)

a B, biomass, TRS total reducing sugar, TFS total fermentable sugar, EH, enzymatic hydrolysis (values cor-
respond to mean ± SD of measurement performed in duplicate)

Pretreatment (P) TRSa (P, g/L) TRS (P, mg/g) TRS  (EHa, g/L) TRS (EH, mg/g) TFSa yield
g/100 g of  Ba

1% acid + autoclaving 37.15 ± 0.02 371.5 ± 0.02 14.56 ± 0.036 145.6 ± 0.036 51.71
3% acid + autoclaving 38.23 ± 0.02 382.3 ± 0.02 16.35 ± 0.036 163.5 ± 0.036 54.58
5% acid + autoclaving 40.16 ± 0.02 401.6 ± 0.02 20.51 ± 0.034 205.1 ± 0.034 60.67
7% acid + autoclaving 39.54 ± 0.03 395.4 ± 0.03 17.81 ± 0.035 178.1 ± 0.035 57.35
1% alkali + autoclaving 36.73 ± 0.03 367.3 ± 0.03 13.23 ± 0.036 132.3 ± 0.036 49.96
3% alkali + autoclaving 34.26 ± 0.03 342.6 ± 0.03 12.16 ± 0.040 121.6 ± 0.040 46.42
5% alkali + autoclaving 33.38 ± 0.02 333.8 ± 0.02 11.52 ± 0.030 115.2 ± 0.030 44.90
7% alkali + autoclaving 35.52 ± 0.03 355.2 ± 0.02 12.66 ± 0.04 126.6 ± 0.02 48.18

Fig. 2  Individual sugar released during different pretreatment con-
ditions of biomass E. airoides 

Fig. 3  Enzymatic hydrolysis of Eragrostis airoides under differ-
ent pretreatment conditions. Hydrolysis conditions: buffer pH 4.7, 
50 °C, 75 rpm
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Furthermore, the rate of enzyme hydrolysis in acid 
treatment and alkali treatment were calculated and 
presented in Figs. 4 and 5. The higher rate of enzyme 
hydrolysis was obtained for the pretreatment condi-
tion 5% acid + autoclaving. As the time passed, the rate 
of enzyme hydrolysis decreases gradually (Table 2).

3.6  Ethanol production

The ethanol production from fermentation was checked. 
It can be seen that the maximum ethanol yield (17.56 g/L) 
was obtained in pretreatment condition with 5% 
Acid + Autoclave pretreatment (Fig. 6). As the ethanol con-
centration increases, the level of the sugar in the system 
reduces simultaneously (Fig. 7).

4  Discussion

The bioconversion of LCB into fermentable sugars for the 
production of bioethanol is a vibrant research area where 
enormous efforts are going on in terms of process simplic-
ity and efficiency for higher yield. Although extensive stud-
ies have been carried out to meet the future challenges, 
there is no self-sufficient process or single step protocol for 

Fig. 4  Action of enzyme on acid pretreated biomass

Fig. 5  Action of enzyme on alkali pretreated biomass

Table 2  Rate of enzyme hydrolysis for different pre-treatment con-
dition of biomass material using Trichoderma reesei 

Pretreatment condition Rate of enzyme hydrolysis

1st day 2nd day 3rd day

1% acid + autoclaving 0.1733 0.1079 0.0855
3% acid + autoclaving 0.2329 0.1475 0.1051
5% acid + autoclaving 0.2916 0.1564 0.1168
7% acid + autoclaving 1.1895 0.8447 0.7854
1% alkali + autoclaving 0.1587 0.1068 0.0809
3% alkali + autoclaving 0.2166 0.1237 0.8472
5% alkali + autoclaving 0.2329 0.1312 0.0956
7% alkali + autoclaving 1.0166 0.7375 0.6583

Fig. 6  Concentration of ethanol and sugar released in fermentation 
using S. cerevisiae on 5% Acid + Autoclave pretreatment

Fig. 7  Ethanol concentration on different pretreatment conditions 
with S. cerevisea 
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all the biomass to convert into bioethanol. The pretreat-
ment [21] methods and the hydrolysis process are the two 
crucial stages in the whole conversion process. These two 
stages mainly determined the overall efficiency process.

The production of bioethanol from lignocellulosic feed-
stock such as grasses seems very attractive and sustain-
able. As we know that, using such biomass will drastically 
help in reducing the greenhouse gas emission. That is why 
it is very important to utilize LCB for ethanol production 
in larger scale cost-effectively and in an environmentally 
sustainable way.

In India, the second generation of bioethanol is mainly 
confined to few plant species such as Lantana, Saccharum 
spontaneum, Eichornia, Parthenium sp. [14]. It is highly 
needed to focus on an exploration of new raw material 
that could be a potential candidate to be used as feedstock 
for bioethanol production. It can be noted that the pro-
duction and utilization of feedstock for bioethanol should 
be derived from inedible parts of food crops or lignocel-
lulosic biomass, in order to overcome the competition 
between food and fuel [22].

Basically, various species of lignocellulosic biomass 
native to North-East India was collected to find out the 
best potential candidate to be used as feedstock for 
bioethanol production. Eragrastis airoides was found to be 
one of the most dominating, widely distributed, and easily 
available species to this region. The voucher number was 
assigned to the herbarium specimen. This voucher num-
ber was used as the reference for the future study of the 
particular specimen. The documentation of the specimen 
was important to discuss the fact that this specimen will 
provide future references of the sample and local areas 
where it grows. The collection and identification of new 
raw material in bioethanol production is equally impor-
tant. North-East India was selected as the site of collection 
for LCB. Various plant species are available to this region. 
The hilly terrains and fallow lands of these regions are lying 
unused due to difficulty in the cultivation of food crops. 
However, the grass species could easily grow in such areas. 
The grasses such as Saccharum spontaneum, Phragmites 
karka have been used in the production of bioethanol. Our 
attempt is to explore new feedstock material easily avail-
able to this region for biofuel generation. Our selected bio-
mass Eragrostis airoides is profoundly found in this region. 
The documentation in the form of herbarium specimen 
of such biomass was highly required in other to know the 
phenological changes occur due to global warming [23]. 
The documentation of the specimen provides the ecologi-
cal habitat of the sample. That is the main reason why we 
have made herbarium specimen and submitted to the her-
barium unit, which is well recognised by Botanical Survey 
of India (BSI). The systematic position of the plant sample 
gives details about the Class, Order, Family, Genus and 

Species it belongs to can be found from supplementary 
table.

The physico-chemical characterization of Eragrostis 
airoides was earlier reported by [17]. Briefly, the moisture 
content was found to be 8.275%. The combustion yield of 
biomass is affected by the moisture content. High mois-
ture content decreases the combustion yield of biomass 
[24]. Volatile matter (VM) is considered an important fac-
tor for determining fuel efficacy. The VM was found to be 
86.840%. The fixed carbon content influenced the bio-
logical conversion process of the fuel [25]. Usually, the 
woody biomass has higher fixed carbon content than 
lignocellulosic biomass. The fixed carbon content of Era-
grostis airoides was found to be 1.225%. The ash content 
of biomass affects the combustion rate. The ash content 
was found to be 3.660%. The thermal profile indicates the 
thermal stability of the sample at a different range of tem-
perature. Thermogravimetric analysis (TGA) is a technique 
which determined the weight loss kinetic of the biomass 
sample during the decomposition. The Eragrostis airoides 
went through three distinct stages ranging from 100 to 
200 °C, 200 to 500 °C, and 500 to 900 °C. The cellulose 
and hemicellulose component degraded at 200–500 °C 
and lignin being high thermal stability degraded beyond 
500 °C. The X-ray Diffraction determined the crystallin-
ity of the biomass sample. The decrease in the degree of 
crystallinity is an indication of a decrease in the degree of 
polymerization [24–28]. The crystalline index of the sam-
ple was found to be 26.663. The elemental composition of 
Eragrostis airoides is carbon (41.024%), hydrogen (6.723%), 
Nitrogen (1.138%), and oxygen (51.115%) respectively.

The heating value is an important parameter defining 
the effectiveness of any biofuel [29, 30]. The heating value 
was calculated and found to be 15.273%. The FTIR analysis 
shows the presence of various functional groups which 
links with the cellulose, hemicellulose and lignin compo-
nent. The peaks at 480–815 cm−1 indicate the presence 
of sugars like arabinan, galactan and B-D fructose. The 
compositional analysis was conducted in other to know 
the cellulose, hemicellulose and lignin content in the bio-
mass. The cellulose and hemicellulose component can be 
hydrolyzed to monomers. These monomers can be further 
used in fermentation to produce ethanol. The Eragrostis 
airoides content cellulose (43.17%), hemicellulose (30.89%) 
and lignin (10.94%). By taking all these parameters into 
account, the biomass was further processed for pretreat-
ment, enzymatic hydrolysis and fermentation.

The pre-treatment of lignocellulosic biomass is a cru-
cial step before hydrolysis. The objective of pre-treatment 
is to decrease the crystalline nature of cellulose thereby 
enhancing the enzymatic saccharification. The efficient 
enzymatic conversion of cellulosic biomass into ferment-
able sugars depends heavily on the effectiveness of the 
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pretreatment condition. During the pretreatment, the 
impeding layers of carbohydrate are disrupted and the 
cellulose portion becomes easily accessible to enzymes 
[31]. Numerous pretreatment strategies have been devel-
oped to enhance the enzymatic hydrolysis to yield more 
fermentable sugars [32–36]. However, only a small num-
ber of pretreatment methods have been reported as being 
potentially cost-effective. We have adopted physico-
chemical pretreatment of dilute acid and alkali treatment 
with autoclaving. The different concentration of acid and 
alkali was prepared (1%, 3%. 5% and 7% respectively). 
The parameter for autoclaving was kept constant for all 
pretreatment condition. The most effective pretreatment 
condition was observed in 5% acid + autoclaving. It was 
found that the maximum glucose (1.62 g/L) concentration 
was released in 5% acid + autoclaving condition.

From the HPLC analysis, it was found that pentose sug-
ars like xylose and arabinose were released during the pre-
treatment methods (Fig. 2). This implies that the pretreat-
ment condition adopted also degrading the hemicellulose 
(pentose sugars) present in the biomass. It was also seen 
that the TRS yield in enzymatic hydrolysis did not show 
much rise. This may be due to the consequences of some 
cellulose undergoing hydrolysis during acid + autoclave 
pretreatment which limits the TRS released in enzymatic 
hydrolysis (Table 2).

The enzymatic hydrolysis of the grass biomass was car-
ried out by cellulase enzyme (T. reesei). Unlike chemical 
hydrolysis, enzymatic hydrolysis is highly specific to the 
substrate, pH and a temperature. The hydrolysis was con-
ducted with mild conditions at a pH of 4.7 and tempera-
ture of 50 °C. The enzymatic hydrolysis using T. reesei was 
considered as because the hydrolysis does not corrode the 
apparatus in spite of taking several days over the chemi-
cal hydrolysis, the enzymes are more specific to the sub-
strate and highly dependent on the reaction environment 
such as pH. Moreover, when the enzyme gets saturated, it 
affects the process unless they are removed subsequently 
[37]. However, the use of enzymes in large-scale industry is 
limited and the process of hydrolysis took around 4 days.

It is well known that the acid pretreatment helps in 
improving the enzymatic hydrolysis of the cellulosic com-
ponent, however, it has no effect on lignin composition 
[38]. Results on the enzymatic hydrolysis of the pretreated 
grass (Eragrostis airoides) using the enzyme T. reesei shows 
that the best hydrolysis was obtained with the acid + auto-
claving. The 5% acid + autoclave pretreatment is more 
superior to other conditions as it produces saccharification 
yield of 91.3 mg/g and TRS of 40.16 g/L (Table 1). The TRS 
yield depends on the composition and molecular structure 
of the biomass as well as the condition applied for pre-
treatment and enzymatic hydrolysis (Cardona et al. 2014). 
The TRS yield obtained from another type of LCB could 

not be compared with the TRS obtained in these studies. 
For instance, a TRS yield of 36.15 mg gdb−1 was reported 
on Kans grass with 1% biomass loading [39]. A TRS yield of 
118.1 mg/g was obtained on rice straw pretreated with 4% 
NaOH [40]. For the Switchgrass, a yield of 810 mg/g was 
achieved on pretreatment condition with 2% NaOH [41].

Enzymatic hydrolysis is a crucial step in the conversion 
of cellulosic biomass to biofuels. There are several steps 
involved in the process. The cellulose portion present in 
the biomass is separated out from the lignin mixture. Then, 
the cellulose is broken down into respective smaller mono-
mers (sugars) and then these molecules are utilized further 
by S. cerevisiae for fermentation process [42].

It was seen that the rate of enzyme hydrolysis decreases 
as the time passed (Figs. 4, 5 and Table 2). The rate of the 
enzyme hydrolysis was maximum in the first day as com-
pared to the 2nd and 3rd day. This may be due to the 
formation of inhibitory substances in the hydrolysate as 
well as due to the alteration of cellulose crystallinity by 
the pretreatment condition which affecting in the rate of 
enzyme hydrolysis [11].

Saccharomyces cerevisiae is one of the most effective 
ethanol-producing microorganisms which utilized the 
hexose sugars including glucose, mannose and galactose 
for ethanol production [43–45]. The main component of 
lignocellulosic hydrolysate is glucose (a hexose sugar). In 
the enzymatic hydrolysis, the cellulose portion was con-
verted to glucose. Saccharomyces cerevisiae with high eth-
anol productivity then used up these glucose molecules 
to ethanol. It is reported that S. cerevisiae is high tolerance 
to inhibitory compounds present in the hydrolysate of 
lignocellulosic biomass [46, 47]. However, this strain is 
unable to utilize the pentose sugars for the production 
of ethanol through fermentation. Some yeast strains have 
been developed to ferment xylose into ethanol but the 
rate and ethanol yield is considerably low as compared to 
their glucose fermentation [45, 48].

S. cerevisiae is commonly used in industrial ethanol 
production from sugar or starch-based raw materials. For 
example, in the fermentation of sugar from Saccharum 
spontaneum with S. cerevisiae could yield 19.45 g/L ethanol 
(Table 3). The highest ethanol yield (20 g/L) was obtained 
in Reed canary grass by yeast strain VTT-B-03339 [49]. 
However, our study on E. airoides using the S. cerevisiae 
could produce ethanol yield of 17.56 g/L.

The overall mass balance diagram was produced based 
on the composition analysis after each step, including 
physicochemical pretreatment, enzymatic hydrolysis and 
fermentation (Fig. 8). As compared with pretreatment, the 
saccharification decreased total sugar by twofold. The fer-
mentation of hydrolysates using S. cerevisiae resulted in 
their effective conversion to 17.56 g/L of ethanol.
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5  Conclusion

Our results show clearly and consistently that the used 
of feedstock Eragrostis airoides could efficiently produce 
bioethanol more than the feedstock such as elephant 
grass and Parthenium hysterophorus. This biomass offers 
better candidate than other biomass in terms of biofuel 
production, energy content, calorific value and cellu-
losic component which are one of the major criteria for 
selection of using as feedstock for biofuel production. 
The more beautiful conclusive of using this feedstock 
is that, the biomass is usually grows in fallows areas of 
this region without proper maintenance and this could 
be one of the most concerned factors in regards to food 
crops versus fuel crops. Taking into account the high 
energy productivity and cellulosic component of the 
feedstock, the biomass was considered as substrate for 
enzymes for bioethanol production. To the best of our 
knowledge, the grass Eragrostis airoides is a viable feed-
stock for a source of bioethanol production. This feed-
stock can be used to produce ethanol as this raw mate-
rial is abundantly found in North-East India.
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