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ABSTRACT:

Bioethanol production can be produced by plant residues that are rich in
lignocellulose and cellulose. Ethanol for use in alcoholic beverages, and the vast
majority of ethanol for use as biofuel, is produced by fermentation, in which certain
species ofyeast (e.g., Saccharomyces cerevisiae) or bacteria (e.g., Zymomonasmobilis)
metabolize sugars in oxygen-lean conditions to produce ethanol and carbon dioxide. In
this study the bioethanol production from husk extract was carried out by
endosymbiotic facultative anaerobic bacteria.Out of the four of cellulase-producing
bacterial strains isolated from termite gut during this study, the ES1 isolate was found
to have cellulase and amylase enzyme production. This isolate was known as Bacillus
cereus. The effects of different growth parameters, including pH and shaking were
investigated to optimize the growth conditions of the bacterium. The maximum
cellulase activity was achieved at pH of 7 and an incubation temperature of 35°C. The
results showed the liberation of 2.4 g/L of reducing sugar during fermentation. This
total reducing sugar produced 17.0 g/L of ethanol after 48 hours when B.cereus was
used as a fermentation agent. Hence, bioethanol was successfully produced from the

cellulose of rice husk residue using the cellulase enzyme from B. cereus.

INTRODUCTION:

Ethanol (CH3CH,OH) is the most democratic alcoholic bio fuelavailable in the
present world market. Henry Ford termed *‘fuel of the future’’ for the ethanol. There
are several reasonsfor being its use as alternative fuel such as (i) it is produced from the
renewable agricultural products like corn, sugar and molasses including other products
rather than non-renewable petroleum products. The world total ethanol production
during 2009-2010 was almost 100 billion liters .Bio ethanol is a liquid bio fuel. It is
produced from several different biomass feed stocksmainly sugarcane in India,
Colombia and Brazil while it is predominantly corn in other areas such as the United
States, China and European Union (Mustafa et al., 2014).



Bio ethanol production can be produce by the use of plant residues that are rich in
lingo cellulose and cellulose. Ethanol is usedfor alcoholic beverages, and the vast
majority of ethanol is used for bio fuel. It is produced by fermentation, in which certain
species of Bacteria (e, g.Zymomonas) or yeast(e.g., Saccharomyces cerevisia). The
enzymes that are used to hydrolyze cellulose are expensive, the production of
second-generation bio ethanol uses cellulose-released sugars(lgbalet al., 2012). To
develop this generation of bio ethanol ,a number of cellulose-containing agricultural by
products, such as wood trimmings, husks, straw, bamboo, rapeseedmobilis are used, it
is called “first-generation” bio ethanol, and when lingo cellulosic raw materials
(sustainable feedstock that cannot be used directly for food production) are used, it is
called “second-generation” bio ethanol. Algal bio ethanol, which is called
“third-generation” bio ethanol, is still under investigation. Although oil, and
sawdust(Qian et al., 2014).

DIVERSITY OF CELLULASE IN BACTERIA AND FUNGI

The hydrolysis ofthe cellulose in plants cell wall is the global carbon cycle. It is
the most abundant source of carbon on land. Anaerobic rumen bacteria, fungi, or
protozoa are used for the cellulose hydrolysis. Cellulolytic microorganishms are
used for degrade cellulose although cellulase that are used to degrade cellulose
although cellulases. Cellulose is mostlyoccur in plant cell walls, which are very
difficult to degrade. Since Bacteria need to secrete their cellulases and most
anaerobic bacteria that produce cellulosomes attach them to their outer
surface.Because of the recalcitrance of plant secrete up to 50% of highlights the
potential utilization of fungal and bacterial speciesfor and their applications in
diverse fields and industries(David B Wilson, 2011).

Cellulases are used in textile,medical, food, , laundries, agriculture, textile,
enhancement of animal feed digestibility, paper and pulp industry. Cellulase is a
synergetic enzyme which is accustomed to split cellulose into glucose and/or
different oligosaccharide compounds -Cellulose enzymes may be divided into 3
types: endoglucanase (endo-1, 4-f-D-glucanase,)cell biohydrolaseorexoglucanase
(exo-1, 4-5-D-glucanase, CBH) and g-glucosidase (1, 4-8-D-glucosidase) studied
extensively among these organisms because of their elongated hyphae which
produce mechanicalpressure on the cellulose structure,inflicting them to supply

massive amounts of Cellulases are inducible enzymes obtained from fungi,
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actinomycetes and bacteria during theirgrowth on cellulosic material. Though fungi
arebetter cellulase producers than bacteria, there is increasing interest for bacterial
cellulases as they are more effective biocatalysts stable under harsh conditions
required for various industrial applications. Moreover, bacteria have a higher growth
rate, and product recovery is simpler than from fungi. As a source of cellulase
producing bacteria, termites were collected from nest or mound (Odontotermessp.
from the family Termitidae) and woody materials (Heterotermessp. from the family
Rhinotermitida)(Muhammad et al., 2015).

MATERIALS AND METHOD

Termites collection
Termites were collected from Perambalur, Tamilnadu. They live in woody
materials (Cryptotermes sp., Kalotermitidae). These termites were transfer migrated

into the container.
Isolation of cultivable Bacteria from the Termite gut

Twenty worker termites were surface sterilized by using 70% ethanol and degutted
using sterile forceps according to Long et al. (2010). The guts were homogenized, and
dilution series (up to a dilution of 107'%) were spread-plated on Nutrient agar to isolate
bacteria followed by 24 hours incubation at 37° C. After incubation, the number of
colonies in each plate was counted using a colony counter(Gincy et al., 2011). Average
of the count obtained was calculated and total bacteria present per gram of termite was

calculated as
No. of colonies x Dilution factor No. of bacteria/g / Volume of the sample

Isolation of Cellulose Degrading Bacteria

The sesame processed samples were inoculated in a basal salt medium (KH,PO4-
5 g, KHPO4- 10 g, (NH4)2S04- 0.5 g, NaCl - 0.2 g, MgS0O,-0.1 g, yeast extract - 10 g,
Carboxy-Methyl Cellulose (CMC) - 10 g in a liter) with a pH 7for the isolation of
cellulolytic bacteria. The cultures were incubated for 2 days in a shaker incubator at 30



°C and 120 rpm. In order to isolate the bacterial colonies have the capable of utilizing
cellulose as sole source of carbon.The colonies were grown on cellulose rich starch
agar media. To confirm the cellulose-degrading ability of bacterial isolates, the isolates
were streaked on the cellulose Congo red agar medium. Congo red is regarded as an
indicator for cellulose degradation in an agar medium; colonies showing discoloration
of Congo red were taken as positive cellulose-degrading bacterial colonies (Gupta et
al.,2012).

Primary screening of amylase

All the selected isolates were individually examined for primary screening to
determine their amylase production capability using starch agar medium. Briefly, each
bacterial isolate was streaked on to 27 starch agar plates and incubated for 24hours at
37°C. After incubation, the plates were spreaded with iodine solution (0.3% iodine and
1% KI). Amylase positive bacterial strains were identified and recorded based on the

clear zone formation around the bacterial growth(Vishwanatha et al., 2020).
Biochemical characterization:
Gram’s staining

Thin smear of isolated pathogens were prepared on a clean glass slide and air dried.
The smear was covered by crystal violet (CV) for 1 min. and then washed. The slide
was treated with grams iodine (1) for 1 min. The CVI complex destained by 70 percent
ethanol was added over the slide. After 30 sec., the slides were washed and counter
stained by Saffranin for 1 min. and then washed. Stained slide was air dried and
observed under microscope followed by Ann C. Smith and Marise A. Hussey(2005)

protocol.

Indole test

Sterile Indole medium were prepared and sterilized by autoclaving at 15 Ibs
(121° C) pressure for 15 min. The isolated Rhodopseudomonas sp. was inoculated on
indole broth and incubated at 35°C for 24 h. After that, few drops of Kovacs reagent

were added to the test tubes and the results were recorded(Charleset al., 2015).

Methyl red test



MR-VP was prepared and sterilized by autoclaving at 15 Ibs (121° C) pressure for
15 min. Isolated Rhodopseudomonas was inoculated and labeled respectively in the
MR-VP broth and incubated at 35° C for 24 hours (Lekh et al., 2012). After incubation
5 drops of 0.4 per cent methyl red reagent were added to each tubes and the color

change were observed.
Voges-Proskauer test

Isolated Rhodopseudomonas was inoculated and labeled respectively in the
MR-VP broth and incubated at 35° C for 24 hours(Priyankaet al., 2017). After
incubation 1-2 drops of Barritt’s Reagent A (a-napthol) and 2-3 drops of Barritt’s B (40

% KOH) were added and color change were recorded.

Citrate utilization test
Rhodopseudomonasisolated colonies werecollected from a straight wire and
inoculated into Simmon’s citrate slants and incubated overnight at 37° C. If the

organism has the capable to utilize citrate, the mediumcolor changes green to blue.

Catalase test
A loop full Rhodopseudomonas culture was taken on the clean glass slide.3 %
H,0, were added on the slide and allowed to react for 30 sec. The presence of the

effervescence was recorded as catalase positive and absence were catalase negative.

Oxidase test

Plates were prepared with isolated Rhodopseudomonas sp. and sterile oxidase disc
were placed over the surface of colonies. The change of color on disc was noted. If the
inoculated disc area turns dark blue to maroon to almost black, then the result is
positive. If a color change does not shows within 3 minutes then the results are

negative.
Anaerobic test

The medium 1 for OF test contained 2.0 g L™ peptone, 5 g L™*NaCl, 0.3 g L™ KH,
PO,, 3 g Agar and 3 mL 1% Bromothymol blue. All materials were dissolved together
and the pH was adjusted to 7.1. 5 mL of medium 1 was added to each test tube (13 cm

diameter) and kept for sterilization at 121°C for 20 min. After 0.5 mL filter was



sterilized glucose was added to each test tube. Bacterial isolates were inoculated to each
two test tubes and one test tube was covered with pure Vaseline. The test tubes were
incubated at 30°C for 18-24 hours (Abada et al., 2018).

Cellulase Production

The cellulose degrading bacteria were cultured on production media. The media
composed of (MgSOy- 0.25 g, KH,PO4- 0.5 g, CMC - 2.0 g, Gelatin - 2 g, Agar - 15 g
and 1 L distilled water). The cultures were grown at optimum temperature at different
pH, and 120 rpm. After 24 hours of incubation period, the cultures were centrifuged for
10 min at 8000 rpm and at 4°C. The supernatant were collected and stored as crude

enzyme at -20 °C for further investigations (Tailliez et al., 1989).
Cellulase Enzyme Activity Assay

The measuring the amount of reducing sugar method is used for determining the
cellulose activity. The enzyme activity was determined by the International Union of
Pure and Applied Chemistry (IUPAC) commission on biotechnology (T.K.Ghose et
al., 1987). 0.5 mL of supernatant was taken to 0.5 mL of 2% CMC in 0.05 mL sodium
acetate buffer solution (pH 4.8). The mixed solution was kept at optimum temperature
for 1 hour. The reaction was completed by adding 3 mL of 3,5- dinitrosalicylic acid
(DNS) reagent to 1 mL of reaction mixture (Miller 1959). The mixed solution were
boiled in water bath then allowed to cool by using ice. The colour intensity was studied
at OD 540 nm.3,5-dinitrosalicylic acid is used for determining the reducing sugars
spectrophotometrically by usingpreviously prepared glucose standard curve. The
enzymatic activity of cellulase termed in international units (IU).The amount of
enzyme that releases 1 umol reducing sugars (measured as glucose) per mL per minute

is known as 1 unit of enzymatic activity.
Production and estimation of bioethanol

To initiate the saccharification process, the cellulose degrading bacteria were
grown in basal medium prepare in 1% of husk extract at optimum fermentation
conditions with shaking at 120 rpm for 48 h. The culture was centrifuged; the
supernatant was resterilized by 0.2 um filter for the growth of B.cereus at 37°C for 48
hours. Before and after the fermentation process , the total reducing sugar was



estimated by using DNS method (Devarapalliet al., 2015).The fermentation broth
samples were centrifuged at 8000 rpm at 4 °C for 3 min to separate suspended particles,
and the clear liquid was analyzed for the presence of fermentation products. Then, the
clear samples were filtered. Ethanol concentration was measured according to Ire et al.
(2016) using Gas Chromatography at CECRI (Shimadzu-2014, Tokyo, Japan) with a
packed column (Gaskuropack5460/80;GC-2014Glass ID:3:2¢ X 2:1 m, GL Science
Co. Ltd., Tokyo, Japan), with the following operational conditions: temperature of
column and detector were 110 and 250 °C, respectively, nitrogen gas flow rate 60

mL/min and the injected sample volume 2 pL.

RESULTS AND DISCUSSION

Isolation and Identification

Figure 1(a and b) shows the isolated bacterial colonies on agar plates. The colony
forming unit was 23X 10" coloniesare opaque, transluscent, circular and irregular
rhizoidal in nature. It can be seen in Table 1. Morphologically four different genera
were isolated. Out of four, oneis Gram positive rod and another one is gram positive
cocci. Out of four, two were gram negative (rod and cocci). Results of biochemical tests
(Table 2) showed that out of four, 3 isolates were facultative anaerobes and
catalase-positive and oxidase positive. Based on biochemical characters isolates were
identified as B.cereus Enterococcus sp, Lactococcus sp and Enterobacter sp
respectively designated as endosymbiont ES1 to ES4. Table 2 shows the characteristic
of Isolates. Out of 4, 3 were gram positive and one is gram negative(Figure 2) Isolate
ES1 Gram positive rod With endospore was identified asB.cereus. Isolate ES2 another
gram positive rod was found to be Lactobacillus sp. Isolated strain ES3 and ES 4 was
belongs to Enterococcus sp and Enterobacter sp.. The lingo cellulolytic activity
ofEnterobacterswas investigated by Borjiet al. (2003). Deschampset al. (1980) has
demonstrated that theEnterobacteris able to assimilate differentphenolic compounds.

The digesting lignocellulosic materials in the gut gives termites an important role
in the carbon cycle in the symbiotic relationship with the microorganisms (Brune,
2014). The present study showed that bacteria found in the termite gut contain 4 genera
can degrade different types of organic materials. This implies that bacteria have an

important role in lignindegradation in termites. Several studies have demonstrated



degradation of lignin and lingo cellulosic materials by bacteriafrom the termite gut, but
information about their effect on the chemical composition of agricultural by-products
as feed for ruminants is scarce. Consistent with the results, several experiments have
isolated Bacillus and Lactobacillus from the gut of termites Reticulitermessantonensis
in liquid and solid media containing aromatic compounds as a carbon source ( Kuhnigk
and Konig, 1997).

Table 1: Colony and cell morphology

Strain code Colony morphology Gram stain
ES1 Curled white irregular colony. Gram positive rod
ES2 circular flat opaque Gram positive rod
ES3 opaque irregular Rhizoidal Gram positive coccli
ES4 Small circular translucent Gram negative rod

Table 2: Biochemical characters

Characteristics ESI ES2 ES3 ES4

Indole Negative positive negative positive

MR Negative positive positive positive

VP Positive Negative Negative Negative
Citrate negative positive Negative positive
Catalase Positive positive positive Negative
Oxidase Positive positive positive Negative

GENERA B.cereus Lactococcussp | Enterococcus sp | Enterobactersp

Figure 1: Isolation of Bacteria from Termite

gut

a)Termite b)isolated bacteria




Figure 2: Gram staining morphology of isolates

ES1 B.cereus(G") ES2 Lactococcussp(G*)

ES3 Enterococcussp(G*) ES4 Enterobactersp (G)

Cellulase and amylase producer

The four isolates were subjected to qualitative analysis of cellulase and amylase
and results were given in table 3. In this study all four bacterial isolates (75%) were able
to grow on CMC media indicating their cellulolytic capability but only on ES1 B.subtils
found to be amylase producer (Figure 3). Wenzelet al. (2002) had detected some

cellulolytic bacteria from the gut of termite they have used CMC medium for their
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identification.EnterobacteraerogenesandEnterobacter cloacaehas been investigated
and the capability of these bacteria is clear to perform a series of anaerobic reactions
such as O-demethylation, decarboxylation (Kuhnigket al., 1994). In this
studydescribed the facultative bacteria with the ability of degrading lignocellulose
compounds are found in terminte gut on the periphery while the strict anaerobes are in
the center of the gut (M.Ramin etal., 2008).

Table 3: Qualitative Enzyme Screening Plate

Strain code Cellulase Amylase
ES1 Positive Positive
ES2 Positive Negative
ES3 Positive negative
ES4 Positive negative

Figure 3.Screening of enzyme producing bacteria

A). isolated colonies B) amylase C)cellulose

Effect Of pHand agitation on growth and enzyme production

The cellulase activity of the B. cereus isolated from termite gut was taken and
impact of hydrogen ion concentration evaluated by measuring growth different pH
ranges (5,7,9,11) . The maximum growth rate was obtained at pH7 with optical
absorption 1.2 at 600 nm followed by 0.6, 0.8, and 0.07 at pH of 5,9 and 11 under 100
rpm. Growth at static condition was found to be moderate and comparatively less than
shaking. The growth of the bacteria is affected by the growth phase at which it grows

under static. The results agreed with those for B. amyloliquefaciens and B. alcalophilus,

10



which also possed a maximum cellulase activity at a 3% inoculum concentration
(Abou-Taleb et al. 2009). Cellulase activity was measured by DNS method achieved
at a pH of 7.0 and was 25 IU/mL followed by 22, 20 and 15 U/MI was recorded at pH
59 and 11 (Fig. 4). The threedimensional shape of the active site of enzyme is
maintained by an optimum pH.Due to alteration in the ionic bonding of enzyme is leads
to the loss of functional shape of enzyme. The obtained bacterial isolate had an
optimum pH at 7 above or below this pH, the bacterial growth is affected and in turn

reduce cellulase activity.
Bioethanol production

Fermentation was begins with initial reducing sugar 0.2 g/L of husk extract
minimal medium and fermentation was carried upto 48hours. The results were showed
that there was a high concentration of ethanol when B. cereus was used to degrade the
husk cellulose residues (Fig. 6) which suggested there was a higher conversion of the
substrate to reducing sugars.the increasing concentration of reducing sugar was
estimated as from to 2.4g/L at the end of 48h incubation(Abadaet al., (2018). The
reducing sugar content was 0.28 g/L for the fermentation medium before the
saccharification process. After the growth of the Bacillus cereus for 48 h under
optimum fermentation conditions, the reducing sugar content was elevated as measured
by the DNS method (Fig. 7). Banerjee et al. (2010) explained that enzymatic hydrolysis
is done by the highly substrate specificcellulase enzyme. The analysis of the
fermentation medium followed by distillation (Fig. 8) by GC-MS showed an ethanol
concentration of 17.0 g/L(Fig 5). The obtained yield can be compared with the yield
obtained from other B.subtils. The bioethanol yield obtained in this study was 8 higher
than the yield (7.5 g/L) obtained from the fermentation of sugarcane bagasse
hydrolysate using Pichiastipitis DSM 3651, as reported by Ira et al. (2016).

Figure 4 .Growth of B.subtilis and cellulase enzyme assay
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Figure 8: Distillation of fermented broth

SUMMARY AND CONCLUSION

Bio-ethanol is regarded as an important renewable fuel to partly replace
fossil-derived fuels. In this study, bioethanol production, which includes cellulase
production, saccharification of the cellulose content of husk residue, and ethanol
production, was investigated (Bharat et al.,, 2008).Out of the four of
cellulase-producing bacterial strains isolated from termite gut during this study, the
ES1 isolate was found to have cellulase and amylase enzyme production. This isolate
was known as Bacillus cereus. The effects of different growth parameters, including
pH and shaking were investigated to optimize the growth conditions of the bacterium.



The maximum cellulase activity was achieved at pH of 7 and an incubation temperature

of 35°C. The results showed the liberation of 2.4 g/L of reducing sugar during

fermentation. This total reducing sugar produced 17.0 g/L of ethanol after 48 hours

when B.cereus was used as a fermentation agent. Hence, bioethanol was successfully

produced from the cellulose of rice husk residue using the cellulase enzyme from B.

cereus.
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