
ABSTRACT
The non-renewable sources of energy are depleting all over the globe at an alarming rate. Bioethanol is considered as 
the fuel of modern era as it contributes around 10-14% of the total global energy supply. Researches are in continuous 
search of renewable resources for energy production. The use of biodegradable waste as a source of energy is gaining 
interest.  In the present study, different renewable resources viz. sugarcane juice, molasses, and paddy straw were tested 
for their efficacy to produce bioethanol. Three different yeast strains designated as Y1, Y2, and Y3 were isolated from 
over-ripened fruits and were used to ferment the different substrates used in the present study. Sugarcane and molasses 
were directly used for ethanol production while paddy straw was pre-treated biologically and chemically before using 
it as substrate for ethanol production. For biological treatment, cellulolytic microorganisms were used to degrade paddy 
straw while acid and alkali treatments were given to paddy straw during chemical treatment. Thereafter, ethanol was 
produced using selected yeast strains. The study showed that the strain Y3 produced maximum ethanol with all three 
substrates viz. sugarcane juice (9.4%), molasses (9%) and paddy straw (4.21%). Paddy straw yielded very little ethanol 
as compared to sugarcane juice and molasses. The present study showed that sugarcane and molasses are very good 
substrates for the production of alcohol but lignocellulosic agricultural waste like rice straw can also be used for the 
production of alcohol but they need to be pre-treated. This research is expected to act as a milestone for future studies 
providing with credible baseline work.
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INTRODUCTION

ethanol is the important fuel used in automotive 
industries and in other potable purposes. It is considered 
as a renewable alternative to fossil-based fuel. So, its 
production needs to be enhanced in the coming time by 
using modern techniques. ethanol is basically produced 
by the fermentation of sugar or starch from agricultural 
crops by yeast or bacteria. a variety of substrates are used 
for the production of ethanol. These substrates include 
molasses, sugar beet pulp, and waste newspapers (Xin et 
al., 2010; lópez et al., 2012; Kasavi et al., 2012; amid et 
al., 2021) etc. Substrate, strain, nutrient, and physiological 

factors like temperature and ph affect the fermentation 
process and ethanol production. 

The availability and cost of the substrate need to be 
assessed before beginning fermentation. The use of cheap 
and readily available substrate is recommended to make 
the fermentation process cheaper. The production cost 
can be further reduced by using renewable sources like 
molasses, potato starch, sugarcane, and paddy straw 
(oscar and carlos 2008; amid et al., 2021). molasses are 
the most commonly used and easily available substrates 
and cheapest too but the increased demand has reduced 
the availability, thereby increasing the cost (Schweinitzer 
and josenhans 2010; amid et al., 2021). 

So it is the need of hour to focus on alternative substrate 
for ethanol production. Recently, focus has shifted from 
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molasses to paddy straw. Sugarcane is regarded as a 
good source of ethanol production because of its high 
sugar content and even infected plant juice can also 
be used for ethanol production. moreover, the energy 
accumulated in the sugarcane biomass is directly from 
the products of photosynthesis, due to carbon dioxide 
fixation, which decreases the crop’s overall contribution 
to global warming.  alternatively, paddy straw is also 
a very good substrate for the completion of ethanol 
requirements because it contains 32-47% cellulose and 
19-27% hemicellulose. however, some problems are also 
associated with paddy straw if used for fuel production. 
one of the major problem is the presence of lignin, 
cell wall polysaccharides, and cellulose crystallinity. 
lignin makes enzymatic degradation difficult as it 
covers cellulose and hemicellulose and hence protects 
polysaccharides from degradation. So removal of lignin 
is necessary so that cellulose becomes accessible to the 
enzymes and yeast action. lignin can be hydrolyzed by 
using some chemical and biological methods (Krishna 
and chowdary 2000; malik et al., 2021).

The cellulose and hemicellulose become fermentable 
sugars by pretreatments either it is chemical or 
biological means, the later employing enzymes 
like cellulases and hemicellulases. although, some 
advantages and limitations are there for both methods. 
chemical hydrolysis though advantageous by being 
rapid but is limited by low sugar recovery efficiency, 
formation of furfural and other degradation products 
are poisonous to the fermentation microorganisms and 
raised environmental concerns due to disposal of acid. 
The biological (enzymatic) methods, on the other hand, 
have the advantage of being highly specific, ecofriendly, 
and no degradation products of glucose are formed 
(Sukumaran et al., 2010; hou et al., 2021). The present 
study, aims to utilize alternative renewable resources for 
ethanol production using both chemical and enyzymatic 
means of degradation. The use of paddy straw for ethanol 
production is a potential and a low-cost method that 
can be employed at commercial scale. Further, it will 
also help to solve the paddy straw burning problem in 
northern India.

MATERIAL AND METHODS

The present study was carried out in the department of 
Biotechnology, govt. college, hisar (haryana). all the 
material for yeast isolation and substrates for ethanol 
production was taken from the local market and field 
of hisar. The chemicals and media ingredients were of 
aR or gR grade and procured from either m/s e. merck 
or Bdh or hI- medIa, India. The glassware used was of 
high-quality Borosil. For the yeast was isolated on YePd 
medium from honey, cheese, tomato, curd, sugarcane, 
jaggery, and molasses procured from the local market 
of hisar (haryana) and then characterized. The isolated 
colonies of yeast were tested for their ethanol-producing 
abilities. These were tested on different substrates like 
sugarcane, paddy straw, and molasses (Kreger-van Rij 
1984).

For the isolation of cellulolytic microorganisms, one 
gram of rice straw powder was taken and suspended 
in 9 ml of sterile distilled water. after serial dilution of 
this suspension (10-1 to 10-6 times), 100 μl from each 
dilution was spread on carboxymethyl cellulose (cmc) 
agar plates (1% cmc, 0.1% Kh2Po4, 0.1% K2hPo4, 
0.04% mgSo4, 0.005% nacl, 0.000125% FeSo4, and 
1.8% agar, ph 7.0) and incubated at 37°c for 24-48 h 
which is suitable temperature for the growth of yeast. 
The isolated bacterial colonies forming clear-zones after 
application of 1% congo red dye solution were selected 
as cellulase producers. Bacterial isolates producing 
significant clear zone on cmc agar were identified 
based on cultural, morphological, and biochemical 
characteristics (cowan and Steel 1974; Kasana et al. 
2008). For observations, plates were stained with 1% 
congo red dye (15 min), followed by de-staining with 
1m nacl solution for 20 min. cellulolytic strains were 
selected on the basis of the hydrolysis zone surrounding 
the colonies. The cultures were identified based on the 
cultural, morphological, and biochemical characteristics 
(Rifai 1969; cowan and Steel 1974; Teather and wood 
1982). For the ethanol production from sugarcane, the 
samples of sugarcane juice were collected from local 
hand-operated cane crushers from different locations of 
hisar. different pretreatments like filtration, sterilization, 
and concentration were given to sugarcane juice. Then 
it was inoculated with a previously isolated yeast strain 
and incubated at 30 oc for 24 h for fermentation.

For the ethanol production from paddy straw, the paddy 
straw saccharification was conducted by microorganisms. 
The isolated colonies of bacteria were then tested for 
their ability to grow and degrade rice straw. Rice straw 
was crushed and added into 100 ml of mineral salt 
medium in a 500 ml erlenmeyer flask and autoclaved. 
The media was allowed to cool down and 3 ml of yeast 
suspension was added to it for fermentation. The cultures 
were incubated at 25°c for 14 days. after 14 days, 
culture aliquots were centrifuged (RemI) at 6000 rpm 
to remove solids. The supernatant was used as crude 
enzyme solution (Belal and el-mahrouk 2010). now the 
supernatants were assayed for their enzymatic activity. 
cellulase activity was determined by incubating 0.5 ml 
of the supernatant with 1% cmc and it was incubated 
at 60°c for 30 min. after incubation, the reaction was 
terminated by adding3 ml of 1% 3,5-dinitrosalicylic acid 
(dnS) reagent to1ml of the reaction mixture and heated 
for 10 min at 100 oc. In these tests, reducing sugars were 
estimated calorimetrically using glucose as standard 
(miller 1959; Belal and el-mahrouk 2010).

For the alkali and acid treatment to the rice, paddy 
straw was procured from Ramray village of jind district 
(haryana). It was dried at 50 oc, comminuted to small 
pieces using grinder fitted with sieves of different mesh 
sizes. For alkali treatment, about 50 g chopped (>2 cm 
length) dried rice straw was suspended in 1, 2, 3, 4, and 
5% naoh in a ratio of 1:10 (w/v). Thereafter, the samples 
were incubated in water bath at 85°c for 1 h. Finally, 
hydrolysate was passed through cheesecloth. For acid 
hydrolysis, about 50 g chopped dried rice straw was 
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suspended in an 1:10 (w/v) sulfuric acid solution of 1, 3, 
5, 7, and 9%. The mixtures were autoclaved at 121°c for 
15 minutes and enzymatic treatment was given to slurry 
(1:10 of alkali-treated paddy straw in distilled water).

commercial cellulose was added at a concentration of 7.5 
FPu/g substrate and incubated at 35oc in an incubator. 
Reducing sugar was estimated by dnS method (miller 
et al., 1959). For the ethanol production after treatment, 
the pretreated samples were inoculated with the isolated 
cultures of yeast for fermentation. after fermentation 
ethanol was estimated using dichromic method  
(caputi et al., 1968). absorbance was read at 600 nm 
against a suitable blank using spectrophotometer. The 
amount of ethanol was determined by referring to a 
standard curve plotted from different concentrations 
(1-7%) of absolute alcohol. For the statistical analysis, 
analysis of variance (anova) was used to test the 
significant difference among the three strains viz. Y1, 
Y2, and Y3. mean differences among the categories 
were separated by Tukey’s test at a confidence interval 
of 95%.

RESULTS AND DISCUSSION

In the present study, isolated cultures were screened 
for primary identification from different samples and 
fermented products as described above. a total of ten 
cultures were isolated from these samples out of which 
three were identified as yeast. apple, orange, banana, 
and other fruits were locally available and thus served 
as readily available raw materials for the separation of 

ethanol-producing yeasts. various strains of indigenous 
yeasts capable of producing ethanol were isolated from 
local fermented pineapple juice by eghafona (1999). 
These isolated strains were used for the production of 
ethanol from different substrates (Belal et al., 2013).

a comparative study on ethanol production from molasses 
using Saccharomyces cerevisiae and Zymomonas mobilis 
was performed by Bansal and Singh (2003) and hossain 
et al. (2014). different concentration of glucose (50, 10, 
30, 50, and 70g/l) was used as a sole source of sugar in 
the mgYP medium; the consequences showed that the 
maximum yeast biomass and maximum ethanol yield 
was obtained at high glucose concentration. The cultures 
were identified as yeasts based on colony characters, 
microscopic examination, and budding formation. 
colonies formed by yeast isolates were circular, smooth, 
and cream (aguilar 2011).

colony size varied from small to large (Table 1). 
Individual cells were oval, elongate, ovoid to spherical 
when young and hexagonal when aged. cells showed 
oval, globose, spherical and ellipsoidal budding. Based 
on differences in colony morphology, color, appearance, 
size, and margin these strains were designated as Y1 to 
Y3 (Table 1) (moaris 1996; aguilar 2011). The isolated 
yeast strains were analyzed microscopically under 40X 
resolution of compound microscope (olympus) using 
wet mount. viability of Saccharomyces sp. also studied 
by moaris (1996) and aguilar (2011). In 50% glucose, 
reported viability of 10-98.8% in different strains of yeast 
(moaris 1996; aguilar 2011).

Yeast Colony Colony Appearance Elevation Margin
Isolate Color Nature and Size

Y1 cream Smooth  circular & small Raised entire
Y2 cream Smooth circular & Small Raised entire
Y3 cream Smooth Yeast like & medium convex entire

Table 1. Colony characteristics of yeast isolates

all the isolated strains were characterized on the basis of 
physiological parameters.  all three selected yeast isolates 
were able to grow at 25°c-42°c. Therefore, the isolated 
yeast was considered to be thermo-tolerant. ethanol 
tolerance of yeast was also checked and it was observed 
that yeast isolates can grow in liquid YePd media 
containing up to 15% ethanol. maximum growth was 
observed in 5% ethanol containing media. a very high or 
low concentration of ethanol is inhibitory for the growth 
of yeast. So, an optimum concentration is required for 
the growth of yeast. as far as we are concerned with 
sugar concentration, yeast was found to be resistant to 
sugar up to 10% (w/v) glucose concentration. The use 
of different concentrations of glucose (50, 10, 30, 50, 
and 70g/l) showed that the maximum yeast biomass and 
maximum ethanol yield was obtained at high glucose 
concentration (nasreen et al., 2014).

ethanol production from sugarcane bagasse was found 
to be 0.41g/l (Irfan et al., 2014). Rice straw (49 g/l) and 
wheat straw (34 g/l) also produced ethanol but their 
production was not good as compared to sugarcane 
bagasse. This difference in ethanol production was due 
to the availability of fermentable sugars from cellulose 
present in biomasses. use of commercial enzyme 
for saccharification showed that treated rice straw 
gave better ethanol production (85 g/l) as compared 
to untreated (70 g/l) rice straw (jalil et al. 2010). 
Pretreatment of sugarcane bagasse with 1 n naoh 
resulted in 48% ethanol production by C. cladosporoides 
after 48 h of fermentation under static condition  
(uma et al., 2010). a maximum ethanol production of 
3.36 g/l was obtained from pretreated sugarcane bagasse 
under optimized process conditions in aerobic batch 
fermentation (Sasikumar and viruthagiri 2010).
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“Isolation of cellulolytic microorganisms” Rotted rice 
straw residues were used as source for cellulolytic 
microorganisms in the present study. only five 
microorganisms were isolated by using clear zone 
formation on mSa (mineral salt agar) containing 
carboxymethyl cellulose as a sole source of carbon. 
a preliminary classification based on cultural and 
morphological characteristics of the isolates revealed 
that the rice straw residues – degrading microorganisms 
belong to the group of fungi as well as to the group of 
bacteria, (Stella et al., 2015).

The data was statistically significant with a p-value of 
≤0.02. Brooks (2008), isolated yeast strains from ripe 
banana peels for ethanol production and found, that 
isolates fermented 40% glucose at 30oc to yield 3.6 
and 5.8% ethanol respectively. molasses was used as a 
reference to check the production of ethanol in sugarcane 
and paddy straw. “ethanol production using sugarcane 
juice” Sugarcane juice was explored for ethanol 
production. The process of ethanol production depends 
on the yeast strain employed (Stella et al., 2015).

The yeast strains differ considerably in the production of 
ethanol; therefore, it is essential to select suitable yeast 
strains for ethanol production from sugarcane. Y1, Y2, 
and Y3 yeast isolates of different morphology retrieved 
from different samples and sugarcane juice samples by 
dilution plating and enrichment culture technique were 
tested for ethanol production and their efficiency was 
compared against a standard culture of Saccharomyces 
cerevisiae (giri 2008). Yeast strain Y3 give maximum 
ethanol production (8.21) but it was not higher than 
the standard culture of Saccharomyces cerevisiae. Y1 
and Y2 produced almost similar i.e., 6.05% and 6.12% 
ethanol when sugarcane juice was used as substrate 
(Figure 2) (giri 2008; Stella et al. 2015). The data 
was statistically significant with a p-value of ≤0.003. 
Sugarcane (Saccharum officinarum) is a c4 plant having 
high capability to convert solar radiation into biomass 
(Black et al., 1969). It is the most important feedstock 
grown in tropical and subtropical countries that can be 
used as juice or molasses (by-product of sugar mills) 
for fuel ethanol production. Total fermentable sugar 
content in sugarcane juice is about 12–17% in which 
90% of this sugar is sucrose and the remaining 10% is 
glucose and fructose (wheals et al., 1999). Sugar content 
in juice varies based on variety, maturity, and harvest 
time (dhaliwal et al., 2011).

Sugarcane juice contains adequate amount of organic 
nutrients and minerals in addition to free sugars making 
it an ideal raw material for bioethanol production. 
“ethanol production using paddy straw” an attempt 
was made to produce ethanol from paddy straw. In this 
experiment, paddy straw was de-lignified by using alkali 
and acid treatment. Thereafter, cellulosic enzymes were 
used for saccharification (dhaliwal et al., 2011). after the 
treatment with cellulase, this solution was inoculated 
with three strains of yeast for fermentation. It was found 
that Y3 produced (4.21%) maximum ethanol followed 
by Y2 (2.12%) and Y1 (2.05%) (Figure 3). no statistical 
significance was observed in the data (p ≥2.99) (dhaliwal 
et al., 2011). lignocellulosic residues including rice straw, 
sugarcane bagasse, wheat straw, corn stover, spruce and 
municipal solid waste have been researched by several 
workers for microbial and enzymatic bioconversion with 
commercial or in-house produced cellulase into glucose 
employing various pretreatment protocols including 
acid, alkali and steam (li et al., 2007; Patel et al., 2007; 
Kovacs et al., 2009; Rabelo et al., 2009; Yoswathana and 
Phuriphipat 2010).

Figure 1: Percent ethanol produced from molasses after 
24 h of fermentation

Figure 2: Percent ethanol produced from sugarcane juice 
after 24 h of fermentation

a total of three microorganisms were found to be 
gram-positive and rod-shaped. Results of identification 
showed that the rice straw degrading bacterial strain was 
identified as Bacillus. a microbial consortium consisting 
of 30 bacteria to study biodegradation of rice straw was 
developed by Stella et al., (2015). The microorganisms 
in the consortium were generally identified as Proteus 
mirabilis, Raoutella planticola, Serratia sp., Pseudomonas 
viridilivida, Klebsiella oxytoca, B. fusiformis, B. cereus, 
Klebsiella sp., B. licheniformis, Corynebacterium 
urealyticum, Cellulomicrobium cellulans, and B. subtilis 
using 16s rdna molecular identification technique. 
“ethanol production using molasses” Yeast isolate 
was examined for ethanol production using 25% 
(w/v) molasses, as substrate under the constant set of 
conditions. ethanol production was estimated at 28°c 
and calculated after completion of fermentation. Yeast 
strains Y3 produced maximum ethanol (9%) followed by 
Y1 and Y2 (Figure 1) (Stella et al., 2015).
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Figure 3: Percent ethanol produced from paddy straw after 
24 h of fermentation

Following pretreatment, plant cell wall polysaccharides 
are more susceptible to enzymatic hydrolysis that 
breaks them into monomeric (single) sugars that can be 
fermented into ethanol. The multiple mean comparisons 
(Tukey’s test) of the average ethanol produced from 
molasses, sugarcane juice, and paddy straw using the 
three strains Y1, Y2, and Y3 showed that the average 
ethanol production from molasses was significantly 
different with paddy straw. a significant difference in 
ethanol production was also observed among sugar cane 
juice and paddy straw (lynd et al., 1999; Yoswathana 
and Phuriphipat 2010).

CONCLUSION

although the percentage of bioethanol produced during 
this study was not so high that can meet the increasing 
demand for fuel in modern time if parameters were 
optimized properly, this percentage can be improved. 
clearly, the results exploring methodologies that allow 
the isolation of efficient ethanol-producing yeast strains 
from different source is limited and further research is 
needed. The opportunity exists to use such yeast strains 
to improve the efficiency of ethanol production from 
complex substrates like paddy straw. It should help 
reduce the current reliance on petroleum-based fuel. 
To take advantage of this opportunity, new approaches 
in the isolation of stable yeast strains capable of being 
used during high-temperature ethanol production will 
need to be developed.
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