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ABSTRACT
In view of raising prices of crude oil and due to increasing demands the need for alternative
sources of bioenergy is expected to increase sharply in the coming years. Cajanus cajan Stalks is the
major agricultural residue, more than 25% primary energy demands met through imports mainly in the
form of crude oil and natural gas. Biofuels as a domestic renewable energy source can significantly
reduce India’s dependence on foreign oil and fossil fuels. The Plant cell wall is a composite material in
which cellulose, hemicelluloses & lignin are closely associated. The major constraint in successful
bioconversion process is the lignin. The study was conducted for various pretreatment methods. The
best is the steam pretreatment method. This method serves as best and effective pretreatment with the
maximum removal of lignin and isolation of more reducing sugars and less pentose’s. The alkaline
method specially NaOH treatment is used for extraction of more pentose’s in crude extract. Finally, our
approach was to find out the best pretreatment method that result in release of maximum reducing
sugars. Steam pretreatment serves to be best followed by saccharification by cellulose. Further, these
fermentable sugars can be utilized for bioethanol production. Cajanus cajan stalk is mostly cultivated
in Kalaburagi district of Karnataka for that can be used for ethanol production. Screening for isolation
of S. cereviceae was carried out by using baker’s yeast and was grown in YPD media. The optimization
of culture condition was carried out for growth of yeast showed optimum temperature at 30 ºC and
optimum pH at 5. Optimum Cellulase enzyme activity was found to be at temperature 40 ºC and pH 4.5.
The ethanol production reaction was optimized by the maximum utilization of sugars by yeast was
optimized by providing hexose and with combination of xylose at temperature 30 ºC and pH 5.0 and the
inoculum size was optimized at 5% volume of total volume for SSF. From the above results, it is clear
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that the cellulase enzyme isolated from Aspergillus niger has ability to grow and produce hexoses under
conditions of optimum temperature and acidic pH. The reducing sugar and pentose’s both can be used
together for ethanol production. The obtained reducing sugar and pentose’s sugar conc. were 1.025
gm/500 ml & 0.5 gm/500 ml. This is only possible by using biological enzymatic pretreatment. The
resultant substrate can used for making 2-3% ethanol. Thus fermentable sugars by these methods can be
utilized for bioethanol production. The ethanol produced from this agro waste is 2-3% in lab scale. Then
go for pilot scale 4-5% and later for industrial scale 7-8% by treat with different pretreatment methods
using SSF. This helps in increases the utilization of wastes for economic use and improves the biofuel
production resources.
Keywords: Bioethanol, agro waste, Cajanus cajan, Saccharomyces cerevisiae, Aspergillus niger,
lignocellulose, Pigeon pea, biomass

1. INTRODUCTION
In view of raising prices of crude oil due to increasing demands the need for alternative
sources of bioenergy is expected to increase sharply in the coming years. Among the potential
alternative bioenergy resources, lignocelluloses have been identified as the prime source of
biofuels and other value added products. Lignocelluloses as industrial, forest and agricultural
residuals account for majority of the total biomass present in the world. In India, ethanol is
produced by fermentation of sugarcane molasses using Saccharomyces cerevisiae strains. In
the recent years, because of increase in the price of molasses and its inadequate availability. To
overcome by using novel approach to use easily available renewable substrates like
lignocellulosic substrates. Agricultural resources of lignocellulosic waste are quite abundant as
estimated by USA. In Karnataka, every year the Cajanus cajan crop is grown in large amount
and the stalks comes after cultivation gets burned without any use. The majorly involve district
is kalaburagi because growth condition required for Cajanus cajan is high temperature and
humidity. Among the various agro waste, Cajanus cajan stalks is the most abundantly wasted
agro waste in Kalaburagi district.
The major constraint to the development of successful bioconversion process of
lignocellulosic materials is the physical protection of cellulose by lignin against cellulytic
enzymes. However, the delignification involves physical, chemical and biochemical
pretreatment of substances to remove lignin. In the last decade, India’s energy demand will see
a quantum of growth in the next 10 years. India like other developing countries is a net importer
of energy. More than 25% of primary energy needs are being met though imports mainly in the
form of crude oil and natural gas. Biofuel used as domestic and renewable energy source and
will significantly reduces the India’s dependence on the foreign oil which minimize the
environmental threat caused by fossil fuels and it is important alternate in securing the energy
needs of the country.
There is huge potential in India’s for the production of biofuels in terms of feed stock
availability present. India ranks 6th in terms of energy demands accounting to 3.6% of total
global energy demand. Energy demand is expected to grow at 4.8% a year. It is fulfilled that
through a coherent and responsible policy and technological initiative India could meet the
every growing energy need through biofuels creating a positive impact on energy economy of
the country.
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1. 1. Composition of Cajanus cajan stalk
Table 1. Composition of Stalk sample used for selection of effective pretreatment
Constituents

Percentage (%)

Organic matter

94

Cellulose

43

Hemi cellulose

18

Crude protein

7

Lignin

2

Fermentation

Pretreatment
Cellulose
Hemi cellulose
Lignin

Monomer
sugars

Ethanol

Figure 1. Proudtion of ethanol from the biomass

1. 2. Pretreatment method
The major constraint to the development of successful bioconversion process of
lignocellulosic materials is the physical protection of cellulose by lignin against cellulolytic
enzymes. However the delignification involves physical, chemical and biological pretreatments
of substrates. Pretreatment methods of woods for enhancing the enzymatic hydrolysis of wood
or biomass can generally be classified as their physical, chemical in nature. Pretreatment is
required to alter the biomass. Macroscopic and microscopic size and structure as well as its sub
microscopic chemical composition to the hydrolytic enzymes and carbohydrates fraction to
monomeric sugarcane be achieved more rapidly and lowering of cost through research and
development. An effective Pretreatment should fulfill the following criteria namely, i) should
avoid the need for reducing size of biomass particle, ii) limits the formation of degradation
products which inhibit growth of fermentative microorganisms and iii) minimizes energy
demands and limits cost. The pretreatment methods are given below:
1. 3. Physico-mechanical
1. 3. 1. Drying
Cajanus cajan stalk is dried at high temperature (45-80 ºC) for 2 hours to standardize
moisture level required for further effective saccharification.
-61-

World Scientific News 117 (2019) 59-81

1. 3. 2. Pulverization
Dried stalks will be grinded into fine particles in the size range of 0.2-1 mm (12-60 mesh)
using pulverizer and further screened.
1. 4. Physiochemical pretreatment
When waste materials can be committed by a combination of chipping, grinding and
milling to reduce the cellulose and hemicelluloses crystallanity.
1. 5. Steam pretreatment
The plant biomasses were mixed with distilled water in 1:10 solid to liquid ratio in a flask
and autoclaved for 30 min. followed by centrifugation.
1. 6. Chemical pretreatment
1. 6. 1. Alkaline pretreatment
Alkaline pretreatment processes utilize lower temperature and pressure technologies. The
major effect of the alkaline pretreatment is the removal of lignin from the biomass, thus
improving the reactivity of the remaining polysaccharides. In addition, alkali pretreatment
removes
1. 6. 2. Acid pretreatment
The plant biomasses were mixed with 0.4% sulphuric acid (v/v) in 1:10 solid to liquid
ratio in a flask and incubated at 50 ºC over night.
1. 7. Total sugars of agro waste
1. 7. 1. Cellulose
Cellulose, the major structural component in the plant cell wall, is a linear homopolysaccharide consisting of anhydrous glucose units (500–15,000) that are linked by b-1,4glycosidic bonds, with cellobiose as the smallest repetitive unit. The b-1,4 orientation of the
glucosidic bonds results in the potential formation of intramolecular and intermolecular
hydrogen bonds, which make native cellulose highly crystalline, insoluble, and resistant to
enzyme attack. The highly crystalline regions of the cellulose in plant cell wall are separated
by less ordered amorphous regions (Chesson and Forsberg 1988).

Figure 2. Action of cellulase enzyme on cellulose
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1. 7. 2. Hemi cellulose
Hemi cellulose is a short, highly branched polymer of pentose’s (e.g. D-xylose and Larabinose) and hexoses (e.g. D-mannose, D-galactose, and D-glucose) with 50–200 units. The
acetate groups were randomly attached with the ester linkages to the hydroxyl groups of the
sugar rings. The role of hemicelluloses is to provide a linkage between lignin and cellulose
(Holtzapple et al. 1993).
1. 8. Saccharification
It refers to the amount of reducing sugars liberated on treated the substrate with the
enzyme. This is the major step that yields the fermentable sugars, which could later be used for
bioethanol production that adds to the economy of the country. An effective pretreatment is
evaluated in terms of reducing sugars released. In addition to the sugars liberated after the
pretreatment, saccharification i.e., exposure of the pretreated samples to the enzyme liberates
still more amount of sugars. In this process, the cellulose hydrolyses the hemicelluloses fraction
of the stalk and release the component sugars free. These sugars may further be acted upon by
fermentative microbes to yield bioethanol an alternate biofuel in the forthcoming years. The
sugars liberated may be either reducing, non reducing or total sugars that could be estimated
according to the standard methods. The amount of saccharification was estimated in terms of
release of reducing sugars by DNS method by Miller. The amount of reducing sugars and total
sugars liberated are estimated by DNS method. The objective of this work includes the
Extraction of Reducing Sugar and xylo-oligosaccharide from agro waste (Cajanus cajan stalk),
screening and isolation of Saccharomyces cerevisiae and bioethanol Production using solid
state fermentation.
Many research efforts were made for effective bioconversion process involving agro
industrial residue , like Cajanus cajan stalk to produce value added products. As advanced
technology was developed by bio energy international to convert 5 and 6 carbon sugars to
ethanol. Cellulose and hemicelluloses are potential sources of fermentable sugars (Hinmann et
al., 1989; Ho et al., 1998; Taherzadeh et al., 1999; Sreenath and Jeffries, 2000). In the year
2003, the Planning Commission of the Government of India brought out an extensive report on
the development of biofuels (Planning Commission, 2003) and bio-ethanol and biodiesel were
identified as the principal biofuels to be developed for the nation.
The global biofuel production and its use have increased dramatically in the recent years,
from 18.2 billion liters in 2000 to 60.6 billion liters in 2007, with about 85 % of this being
bioethanol. Bio-ethanol is the most common and practically important liquid fuel and can be
produced from the variety of cheap substrates. According to an estimate, it can reduce
greenhouse gas emissions by approximately 30–85 % compared to gasoline, depending on the
feedstock used (Fulton et al., 2004; Doddabasawa et al., 2014 and Doddabasawa et al., 2014;
Patil et al., 2018). The USA and Brazil are currently the primary producers of fuel ethanol,
producing 49.6 and 38.3 % of 2007 global production, respectively (Coyle et al., 2007).
Worldwide increasing attention in the production of bioethanol is exemplified by the production
of 85 billion liters of bioethanol in 2011 (Singh and Bishnoi 2012; Avci et al, 2013).
The present review is the concise overview of basic concepts and some recent advances
in the ethanol production with the special emphasis on lignocellulosic agricultural residues,
wastes and their sources, pretreatment methods, enzymatic hydrolysis and fermentation to
generate bio-ethanol in ecologically sustainable and cost-effective manner.
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Few challenges still existing in the economic production of second-generation bioethanol
and their potential solutions are discussed in brief towards the end. Lignocellulosic biomass
which is derived second generation biofuels are promising alternatives to the petroleum based
fossil fuels. The utilization of the agricultural residues and wastes for the bioethanol production
is a cost effective and environmental-friendly approach for the sustainable development.
Considering, the recent research progress in the ﬁeld of enzymes production, pretreatment, as
well as the metabolic engineering of yeasts, production of bioethanol from the lignocellulosic
agricultural wastes will certainly prove to be feasible technology to achieve the energy security
in the very near future.
The raw untreated biomass is extremely a recalcitrant to enzymatic digestion. Decades of
research have demonstrated that biomass requires extensive processing and hydrolysis of raw
materials into fermentable sugars and its subsequent biological conversion into s myriad of
fuels and chemicals. Therefore, the number of thermochemical pretreatment methods have been
developed to improve the digestibility (wyman et al., 2005). An effective pretreatment is
characterized by several criteria. It avoid the need for reducing the size of biomass particles,
preserves the pentoses (hemicelluloses) fractions, limits formation of degradation products that
inhibit growth of fermentative microorganism, minimizes energy demands and limits cost.
Pretreatment has great potential for improvement of efficiency and lowering of cost
through research and development (Nathan et al, 2005). For the production of ethanol, product
yields has a strong influence on process economics (Lynd L R et al, 2003). Pretreatment
methods can be classified into four categories physical, chemical, biological and combined
chemical pretreatments have received more attention because the physical pretreatment are
relatively in efficient, and the combined pretreatment rarely have improved digestibility when
compared with simple treatments. The pretreatment samples had a greatly enhanced enzymatic
digestibility. A 92% conversion of 2.5% substrate to sugar was achieved (Raghavendra et al,
2007).
The interaction of cell wall and pretreatment method can leads to compositional and
structural alterations which directly affects the enzymatic saccharification (Ong R. et al. 2014).
Cellulose crystallinity, its accessibility and extent of lignifications can be correlated to sugar
recovery (Chundawat, et al, 2011; Pu Y, et al, 2013). These factors in association contribute to
biomass recalcitrance which can be overcome by choice of pretreatment method (Foston M,
2012 et al, Zhao X et al, 2012)
Pretreatment is necessary element in bioconversion of lignocellulosic materials to fuels
and chemicals. The primary purpose of the pretreatment is to make lignocellulosic biomass
accessible and reactive to allow the high rates and yields on the enzymatic hydrolysis. Till date,
a number of pretreatment methods have been proposed and investigated including steam,
alkaline & acid pretreatment.
Cellulose hydrolysis, also known as sacchariﬁcation, is the process in which the cellulose
is converted into glucose. Enzymatic hydrolysis is a key to cost effective for ethanol production
from ligno-cellulosic substrates in the long run, as it is very mild process, gives potentially high
yields, and the maintenance costs are low compared to the alkaline or acid hydrolysis (Kuhad
et al. 1997). Factors that affecting the enzymatic sacchariﬁcation process involves substrate
concentration, enzyme loading, temperature and time of the sacchariﬁcation (Tucker et al,
2003). With increasing availability of organisms capable of converting the pentose and hexose
to ethanol, high recovery of hemicelluloses sugars are key future of leading pretreatment
methods (Hyon Hee et al, 1998).
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2. MATERIALS AND METHODS
2. 1. Sample collection
The sample was collected separately from place of their availability in polythene bag and
bought to laboratory for isolation of reducing sugars.
2. 2. Substrate
Regional available agricultural waste (Cajanus cajan stalk) was collected and subjected
as substrate for production of ethanol.
2. 3. Culture media
The YPD Media was used and the composition of media as mentioned in the Table 2.
Table 2. Composition of YPD media.
Ingredients

Quantity

Yeast extract

0.83 gm

Peptone

1.66 gm

Dextrose

3.33 gm

Volume

150 ml

pH

5

Temp

30 ºC

2. 4. Reagents
2. 4. 1. Standard sugar solution
Prepare glucose & xylose solution in concentration of 1mg/ml.
2. 4. 2. DNS reagent
Dilute 1 gm of DNS in minimum amount of water. Make 2N NaOH by stirring on
magnetic stirrer. Add Sodium Potassium tartarate by continuous stirring and make up volume
to 100 ml.
2. 4. 3. Orcinol reagent
Dissolve 100 mg of Fecl3 of 100 ml of conc. HCL. Add 3.5 ml of 6% orcinol prepared in
alcohol.
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2. 4. 4. Chromic acid
Mix 20 gm of K2Cr2O7 with sufficient distilled water to make paste of chromate salt. Add
300 ml of 6N H2SO4 with care.
2. 4. 5. Buffer (Acetate Buffer):
Solution A - Add 0.230 ml of CH3COOH in 20 ml of distilled water
Solution B - Add 0.33 gm of CH3COONa in 20 ml of distilled water
Mix solution A & B in separate flask.
2. 5. Methodology
2. 5. 1. Source of agro waste
The Cajanus cajan agro waste was collected from Kalaburagi and Bidar district.
2. 5. 2. Substrate
Cajanus cajan agro waste (only use above branching point stalks) was spread over
surface, washed properly to remove dust particles and was dried at sun light for 10 hours as
well as hot air oven for 2 hours to standardize the moisture level. The dried agro waste was
pulverized into fine particles in the size range 0.2-1.0 mm (12-60 mesh) using grinder. The
powder was sieved in a 1mm sieve and was further used for analysis and fermentation.
2. 6. Physico-chemical pretreatment
2. 6. 1. Steam (Autoclave) pretreatment
The plant biomasses were mixed with distilled water in 1:10 solid to liquid ratio in a flask
and autoclaved at 121 ºC for 15 minutes. The substrate was filtered and dried sample was further
used for Saccharification.
2. 6. 2. Chemical pretreatment
2. 6. 2. 1. Alkaline NaOH pretreatment
About 3 grams of agro waste was weighed and 4 % NaOH added to it. After incubation
for 24 hours, the substrate was filtered and dried sample was further used for Saccharification.
2. 6. 2. 2. Acidic H2SO4 pretreatment
About 3 grams of agro waste was weighed and 4 % NaOH added to it. After incubation
for 24 hours, the substrate was filtered and dried sample was further used Saccharification.
The commercial cellulase enzyme (CDH manufacturer) was used isolated from
Aspergillus niger. About 3 gm of steam pretreated Cajanus cajan agro waste was weighed and
12 ml of acetate buffer with pH range 4.5-5 was taken in 250 ml Erlenmeyer’s flask with an
enzyme loading of 11,530 U/gm of protein. The final volume of reaction mixture was 50 ml.
Then flask were incubated in an orbital shaker at 100 rpm for 3 days at 40 ºC. After 72
hours add 1ml of DNS reaction to stop the enzymatic reaction. The amount of sugars liberated
was estimated by DNS method.
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Figure 3. Collection of sample from Gulbarga (LHS) and Bidar (RHS) district.

Figure 4. Agro waste sample chopped into 5-10 cm sticks and proceed with pretreatment.
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Figure 5. Stalk sample steam pretreatment before autoclaving

Figure 6. Stalk sample steam pretreatment after autoclaving
at 121 psi for 15 min Saccharification Reaction
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2. 7. Use of substrate as carbon source
The lignocellulosic agro waste materials were used as carbon source for S. cereviceae are
collected from Gulbarga and Bidar district. The comparison of isolated sugars concentration
from respective sample was performed.
2. 8. Standard glucose calibration curve
This was carried out by using DNS method. Into a series of test tubes pipette out 0-1000ul
with standard 1mg/ml glucose solution and volume was adjusted to 1ml by water. A 1ml of
DNS was added to all the tubes and the tubes placed in boiling water for 10minutes. The tubes
were cooled and the colour developed was suitably diluted by adding 8ml of distilled water.
The optical density of orange colour was read at 540 nm against reagent blank. A standard
graph of optical density at A540 against concentration of glucose was plotted (Figure 11). This
was used to determine the reducing sugar produced by agro waste which later consumed by
yeast.
2. 9. Standard xylose calibration curve:
This was carried out by using orcinol method. Into a series of test tubes pipette out 01000 ul with standard 1mg/ml xylose solution and volume was adjusted to 1ml by water. A 3ml
of orcinol reagent was added to all the tubes and the tubes placed in boiling water for 5minutes.
The tubes were cooled and the colour developed was suitably diluted by adding 8ml of distilled
water. The optical density of orange colour was read at 650 nm against reagent blank. A
standard graph of optical density at A650 against concentration of xylose was plotted (Figure
12). This was used to determine the reducing sugar produced by agro waste.
2. 9 .1. Isolation of yeast
The commercial baker’s yeast was grown in YPD media. First the activation of yeast cells
by incubate in hot water for 2 hour at room temperature. Then add 1ml of activated yeast cells
into prepared YPD media. The maintained growth conditions was 30oC for 72 hours. After 3day incubation, each 100 μl of suspension was spread on a plate containing YPD was incubated
aerobically at 30 °C for 3 days. Single colony formed was picked, and the cells were observed
under a microscope and presence of S. cerevisiae was confirmed by biochemical test. The
culture of yeast was maintained by sub culturing on slants using YPD, incubating for 48 h at
30°C and thereafter, storing in a refrigerator at −4 °C for future use.
2. 9. 2. Optimization parameter for fermentation
To determine the optimum conditions required for maximum production of ethanol by
S. cerevisiae, the following parameters are:
2. 9. 3. Effect of temperature
To study the effect of temperature on ethanol production by S. cerevisiae, fermentation
media with different reducing sugar concentration were used for the production of ethanol.
Fermentation was carried out at different temperature (30 ºC, 35 ºC & 40 ºC) in a volume of 250
ml media in a 500-ml conical ﬂ ask. A 48-hour-old inoculums of yeast was added to the
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medium. Samples were withdrawn at different times and estimated for residual sugars as well
as ethanol content in the media.
2. 9. 4. Effect of PH
To study the effect of pH on ethanol production by S. cerevisiae, fermentation media with
different reducing sugar concentration were used for the production of ethanol. Fermentation
was carried out at different pH (5.0, 6.0, 7.0) in a volume of 250 ml media in a 500-ml conical
ﬂ ask. A 48-hour-old inoculums of yeast was added to the medium. Samples were withdrawn
at different times and estimated for residual sugars as well as ethanol content in the media.
2. 9. 5. Purification of distillate
The culture was purified by distillation to find out the produced ethanol by S. cerevisiae
at optimized conditions.
2. 9. 6. Standard ethanol calibration curve
This was carried out by using chromic acid method. Into a series of test tubes pipette out
1.5 ml of 0-2% ethanol concentration and 2.5ml of chromic acid and volume was adjusted to
5ml by water. The tubes placed in boiling water for 10 mins. The tubes were cooled. The optical
density was read at 600 nm against reagent blank. A standard graph of optical density at A600
against concentration of ethanol was plotted (Figure 13). This was used to determine the ethanol
produced by S. cerevisiae in optimized conditions

3. RESULTS AND DISCUSSION
3. 1. Mechanical pretreatment
Agro waste was spread out on a suitable surface and was sun dried following hot air oven
dried at high temperature for 2 hours to standardize the moisture level. The dried Cajanus cajan
stalks was pulverized into fine particles in the size range 0.2-1 mm (12-60 mesh) using grinder.
The powder was sieved in a 1mm sieve and was further used for analysis and fermentation. The
powder obtained was put into plastic bags and kept in a freezer until used. The agro waste used
in the tests was divided into two parts. One part was highly heterogeneous particle size this part
was called as non screened stalks (Figure 4) and other part was screened stalks in the size range
of 0.2-1mm (12-60 mesh size) (Figure 5). The screened stalks was used for further analysis.
3. 2. Chemical pretreatment
Evaluation of pretreatment
Lignocellulosic biomass requires pretreatment, mainly because the lignin in the plant cell
walls forms a barrier against enzyme attack. An ideal pretreatment reduces the lignin content
and crystallonity of the cellulose and increases the surface area. In this study, different alkaline
pretreatment methods were compared. Since, steam pretreatment is more efficient in selective
removal of lignin with less effect on hemicelluloses fraction. Three different types of
pretreatment were carried out such as steam (Figure 5 & 6), alkaline NaOH (Figure 5 & 6). All
the pretreatment methods found to be effective in removal of lignin. The most effective alkaline
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pretreatment method was evaluated based upon the ethanol produced at 5 % inoculums level
by S. cerevisiae and total amount of soluble sugars present in the pretreated samples.

Figure 7. Biomass used for saccharification after steam pretreatment

(a)
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(b)
Figure 8(a,b). Saccharification reaction performed by cellulase at 40 ºC for 72 hour

Figure 9. Ethanol production after optimized conditions
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3. 3. Effect of steam pretreatment on total sugars of Cajanus cajan stalks
Figure 10, shows that among the different steam pretreatment showed an increase in total
soluble sugar content, reducing sugar compared to other pretreated sample. This indicates that
steam has effect on sugar removable; it selectively removes the lignin part of stalks with
increase in accessibility of ethanol using sugars.
3. 4. Enzymatic saccharification of steam pretreated Cajanus cajan stalks
As already reported that steam pretreated Cajanus cajan stalks exhibited better enzyme
digestibility as compared to other pretreatment methods. So, in this report we have used only
steam pretreated stalks for saccharification and it was carried out at different pH range 4.5-5.
Figure 8, shows the enzymatic digestibility of steam pretreated biomass by auto
hydrolysis. The biomass samples pretreated by steam exhibit enhaced enzymatic digestibility
of cellulose fraction. An important observation is that the lime pretreatment modifies the side
groups present on the cellulose and thus increases the digestibility of the stalks as compared to
other pretreatment.
Table 3. Concentration of sugars obtained after the steam and NaOH pretreatment
(using 5-10 cm sized Stalks).
Biomass

Steaming Pretreatment (5-10 cm)

NaOH Pretreatment

Reducing sugar

0.22 mg/ml

0.23 mg/ml

Pentose

04 mg/ml

0.30 mg/ml

Table 4. Concentration of sugars after the steam pretreatment (2 mm mesh)
Steam Pretreatment (2 mm Size)
Reducing sugar

1.6 mg/ml

Pentoses

0.90 mg/ml

Table 5. Concentration of sugars after NaOH and H2SO4 pretreatment

Pretreatment

NaOH 3%

NaOH 4%

NaOH 5%

H2SO4 0.3%

H2SO4 0.4%

H2SO4 0.5%

Reducing sugar

1.27 mg/ml

0.76 mg/ml

0.71 mg/ml

0.23 mg/ml

0.14 mg/ml

0.19 mg/ml

Pentose’s

0.93 mg/ml

1.09 mg/ml

0.81 mg/ml

0.96 mg/ml

0.71 mg/ml

0.90 mg/ml
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Figure 10. Effect of different pretreatment methods on reducing sugars present in
the Cajanus cajan stalk; pretreatment methods (1- Control Untreated, 2- Steam,
3- NaOH, 4- H2SO4)

Figure 11. Standard glucose calibration curve by DNS method
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Figure 12. Standard xylose calibration curve by orcinol method.

3. 5. Effect of pH on reducing sugars consumption by S. cerevisiae
The effect of pH on the production of ethanol by S. cerevisiae was studied by checking
the consumption of sugars in spent media. The ethanol production was found to be maximum
at pH 5 with Kalabuaragi district sample as carbon source.
Under less acidic conditions (pH-6), the ethanol production was not as high as that in
more acidic pH. Production increases slowly while decreases the pH and significantly decreased
as the pH was further increased.
3. 6. Effect of temperature on reducing sugars consumption by S. cerevisiae
The effect of temperature on the production of ethanol by S. cerevisiae was studied by
checking the consumption of sugars in spent media. The ethanol production was found to be
maximum at with Kalaburagi district sample as carbon source.
Under less acidic conditions (pH-6), the ethanol production was not as high as that in
more acidic pH. Production increases slowly while decreases the pH and significantly decreased
as the pH was further increased.
3. 6. Quantitative determination of hydrolyzed products by spectrophotometer
The hydrolysis product of steam pretreated Cajanus cajan stalks when quantitatively
tested on spectrophotometer at 540 nm for reducing sugars and at 650 nm for pentose’s. The
concentration of isolated sugars was determined by plotting standard calibration curve.
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3. 7. Quantitative determination of saccharification products by spectrophotometer
The saccharification product of hydrolyzed Cajanus cajan stalks when quantitatively
tested on spectrophotometer at 540 nm for reducing sugars and at 650 nm for pentose’s. The
concentration of isolated sugars was determined by plotting standard calibration curve.
Table 6. Concentration of sugars after cellulase saccharification treatment
on different district agro waste
Reducing Sugar from
Different District

Biological enzymatic method Dry
powder getting after steam treatment

Gulbarga District

2.5 mg/ml

Bidar District

2.3 mg/ml

Table 7. Concentration of sugars after cellulase saccharification treatment on Kalaburagi
district agro waste
Pretreatment

Steam

Alkaline
(NaOH)

Biological

Total

Reducing Sugar

1.6 mg/ml

-

2.5 mg/ml

1.025 gm/500 ml

Pentose’s

-

1.09 mg/ml

-

0.5 gm/500 ml

Table 8. Effect of pH and temperature on the production of ethanol
by Saccharomyces cereveceae at 5% inoculums level.

Reducing sugar

Pentoses

pH

Ethanol Conc.
(%)

Glucose

-----

5

1.98%

Glucose

Xylose

5

1.1%

Glucose

-----

6

0.99%

Glucose

Xylose

6

1.45%

Glucose

-----

7

2.04%

Glucose

Xylose

7

1.25%
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Figure 13. Standard ethanol calibration curve by Chromic acid.

4. SUMMARY
Cajanus cajan stalks is the major agricultural residue, more than 25% primary energy
demands met through imports mainly in the form of crude oil and natural gas. Biofuels as a
domestic renewable energy source can significantly reduce India’s dependence on foreign oil
and fossil fuels. The Plant cell wall is a composite material in which cellulose, hemicelluloses
& lignin are closely associated. Hexose is the major form of carbohydrates used in the
production of ethanol.
Commercial cellulase enzyme from Aspergillus niger have been used which degrade
linear polysaccharide into hexose. The major constraint in successful bioconversion process is
the lignin. It can be removed by various pretreatment methods. The best is the steam
pretreatment method. This method serves as best and effective pretreatment with the maximum
removal of lignin and isolation of more reducing sugars and less pentose’s. The alkaline method
specially NaOH treatment is used for extraction of more pentose’s in crude extract. The
reducing sugar and pentose (xylose) in each of the pretreatment sample was estimated by DNS
and Orcinol method respectively.
The commercial cellulose enzyme was used for saccharification of the pretreated stalk
sample that result in reducing sugar yield. The sugars liberated were estimated using
quantitative test. The steam pretreated sample shows maximum sugar liberation because after
steam treatment the cellulose is more feasible for cellulase action compared to other
pretreatment methods at pH of 4.5.
SSF is currently used for utilizes complex, heterogonous agricultural wastes as substrates
& uses low cost technology regarding stability and regulation demands. Finally, our approach
was to find out the best pretreatment method that result in release of maximum reducing sugars.
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Steam pretreatment serves to be best followed by saccharification by cellulose. Further, these
fermentable sugars can be utilized for bioethanol production.

5. CONCLUSIONS
Among the agricultural waste used as solid substrate like Cajanus cajan stalk, wheat bran,
wheat straw, bagasse, rice husk. Cajanus cajan stalk is mostly cultivated in Kalaburagi district
of Karnataka for ethanol production. Screening for isolation of S. cereviceae was carried out by
using baker’s yeast and was grown in YPD media. The optimization of culture condition was
carried out for growth of yeast showed optimum temperature at 30 ºC and optimum pH at 5.
Optimum Cellulase enzyme activity was found to be at temperature 40 ºC and pH 4.5. The
ethanol production reaction was optimized by:



The maximum utilization of sugars by yeast was optimized by providing hexose and
with combination of xylose at temperature 30 ºC and pH 5.0
The inoculum size was optimized at 5% volume of total volume for SSF.

From the above results, it is clear that the cellulase enzyme isolated from Aspergillus
niger has ability to grow and produce hexoses under conditions of optimum temperature and
acidic pH. The reducing sugar and pentose’s both can be used together for ethanol production.
The obtained reducing sugar and pentose’s sugar conc. were 1.025 gm/500 ml & 0.5 gm/500
ml. This is only possible by using biological enzymatic pretreatment. The resultant substrate
can used for making 2-3% ethanol. Thus fermentable sugars by these methods can be utilized
for bioethanol production.
The ethanol produced from this agro waste is 2-3% in lab scale. Then go for pilot scale
4-5% and later for industrial scale 7-8% by treat with different pretreatment methods using SSF.
This helps in increases the utilization of wastes for economic use and improves the biofuel
production resources.
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