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Saccharomyces cerevisiae is a species of yeast. It has been instrumental in
winemaking, baking, and brewing since ancient times. The present study was
performed to produce lignin degrading enzymes to degrade lignocellulosic

substrates and to produce ethanol using Saccharomyces cerevisiae by per-
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forming FTIR method. The yeast culture Saccharomyces cerevisiae was iso-

lated and screened for the production of lignolytic enzymes. Then it was pre-
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treated to produce lignocellulosic substrates. Lignocellulosic materials are
considered the most abundant renewable resource available for the produc-
tion of ethanol by FTIR method. The present study concluded the utilization
of lignocellulosic biomass for ethanol production in future.
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INTRODUCTION

Saccharomyces is a genus of fungi that includes
many species of yeasts (Azbarova et al, 2017). It
has been instrumental in winemaking, baking, and
brewing since ancient times. It is believed to have
been originally isolated from the skin of grapes
(Vincent et al, 2017). It is one of the most inten-
sively studied eukaryotic model organism in mo-
lecular and cell biology. S. cerevisiae cells are round
to ovoid, 5-10 pm in diameter (Barraza et al,
2017). It reproduces by a division process known
as budding. S.cerevisiae is currently the only yeast
cell known to have Berkeley bodies present, which
are involved in particular secretory pathways
(Izah et al, 2017). Antibodies against S. cere-
visiae are found in 60-70% of patients

with Crohn's disease and 10-15% of patients with
ulcerative colitis (Baek et al, 2017). The pre- sent
study were focused to isolate a fungal sp for the
production of lignin degrading enzymes to de-
grade lignocellulosic substrates and to produce
ethanol using Saccharomyces cerevisiae (Hull et al,
2017). Recently, a new round of interest in bio en-
ergy and bio mass has been initiated with the
recognition that global crude oil reserves are finite
and its depletion is occurring much faster than pre-
viously predicted (Nielsen et al, 2017).

The available technology suggests that bio mass
containing lignocellulosic materials represents an
abundant and inexpensive source of sugars that
can be microbiologically or enzymatically con-
verted into industrial products (Gao et al, 2017).
Production of ethanol from lignocellulosic bio
mass contains three major process, including pre-
treatment, hydrolysis and fermentation (Hammer
and Avalos 2017). The main enzymes of fungi tak-
ing part in lignin degradation are Phenol oxidases
(Laccase), Lignin peroxidase and Manganese -Pe-
roxidase (Santos et al, 2017). All three enzymes
can oxidize phenolic compounds, thereby creating
phenoxy radicals, while non-phenolic compounds
are oxidized via cation radicals (Celaj et al, 2017).
These enzymes are directly involved not only in
the degradation of lignin in their natural lignocel-
lulosic substrates, but also in the degradation of
various xenobiotic compounds including dyes (De
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La Torre et al, 2017). In recent years, the lignino-
lytic system of fungi with respect to enzymatic po-
tential for the bioremediation of persistent pollu-
tants has been extensively studied (Chua et al,
2017). Out of which cellulose and hemicelluloses
can serve as an alternative raw material for its bio-
conversion to ethanol (Jansen et al, 2017). Sugars
formed after scarification of biomass are converted
to alcohol through a process called fermentation
(Cadete and Rosa 2017). Saccharomyces cerevisiae
plays a major role in applied research due to its
outstanding capacity to produce ethanol and car-
bon dioxide from sugars with high productivity, ti-
ter and yield (Lopes et al, 2017).

MATERIALS AND METHODS

Isolation of fungi: Fungi showing good growth on
decayed wood samples were collected in and
around Karur District in a polythene bag. Fungi
were isolated by means of direct touch method.
The fungi were inoculated on Ampillicin incorpo-
rated potato dextrose agar plates and incubated at
room temperature for 7 days. The isolated fungi
were maintained on potato dextrose agar plates at
20°C.

Screening of Fungi for lignolytic activity: The
isolated fungi were screened for the production of
lignolytic enzymes. The isolates were inoculated
aseptically onto the pre-solidified potato dextrose
agar medium containing 0.05% guaiacol and incu-
bated at room temperature for 7 days. Lignolytic
positive organisms developed colored zone.

Collection of lignocellulosic wastes: The ligno-
cellulosic substrates (Paddy straw, Sugar cane Ba-
gasse and Sorghum Leaves) were collected in and
around Trichy district. The collected lignocellulo-
sic substrates were shade dried to remove the
moisture content. The substrates were then milled
to a size of 1mm and stored in an air tight con-
tainer.

Substrate pretreatment: 25 g of milled dry sub-
strates particle size (1mm) were weighed into con-
ical flask containing 75 ml of distilled water. The
fresh weight of the substrates was determined and
the flasks were autoclaved. The bottles were inoc-
ulated with two agar plugs (diameter 9 mm) of
fungi mycelia in triplicates and incubated for 30
days at 30 + 2°C at constant moisture level. The
controls were put in an oven at 80°C + 2°C for 48hrs
to determine the initial dry weight of the sub-
strates. Harvested samples were also put in the
oven for 48 hrs at 100°C +2°C to remove the mois-
ture content.

Analysis of lignin and cellulose content: A mix-
ture containing 1 g of dried sample and 150 ml of
aqua dest was heated in a water bath at a temper-
ature of 90 - 100°C for 1 h. The mixture was filtered
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and the residue was washed with hot water (300
ml). The residue was dried in the oven until the
weight was constant. The residue was mixed with
150 ml of 1N H2SO4 and heated in the water bath at
90 - 100°C for 1 h. The mixture was filtered and
washed with 300 ml of aqua dest and then the res-
idue was dried. The dried residue was soaked with
10 ml of 72 % H2S04 at room temperature for 4 h.
After that, 150 ml of 1 N H2S04 was added into the
mixture and refluxed in the water bath for 1h. The
solid was washed with 400 ml of aqua dest, heated
in the oven at 105°C and weighed. Finally the solid
was heated until it become ash and weighed. The
percentage of cellulose and lignin was calculated.

Estimation of reducing sugars: 1 ml of diluted
sample was taken in a test tube to which 3ml of
DNS reagent was added. The tubes were boiled in
a boiling water bath for 15 minutes. 1 ml of Ro-
chelle salt was added to these test tubes and tubes
were cooled to room temperature and used for
measuring optical density at 575 nm. A standard
curve of glucose was prepared by using various
concentration of glucose in distilled water.

Fourier Transformed Infrared (FTIR) studies:
FTIR studies of untreated and treated lignocellulo-
sic substrates were carried out at St.Joseph’s Col-
lege, Trichy. Pure cellulose was used as a reference
material to compare the treated and untreated
substrates.

Fermentation: The yeast culture Saccharomyces
cerevisiae was subcultured and maintained on
YEPD agar at 4°C. Starter media and production
media was prepared. 50gms of treated wastes
(sugarcane bagasse, sorghum leaves, paddy straw)
were weighed and added to 1 liter of distilled wa-
ter. To this, 5 gms of diammonium phosphate and
1 gm of yeast extract were added and sterilized. 10
ml of the inoculum from the production media
were added and kept in a shaker for 94 hrs.

Estimation of ethanol: 10 ml of fermented me-
dium was centrifuged at 10,000 rpm for 10 min at
room temperature. To 1 ml of the supernatant, 24
ml of distilled water was added. It was then poured
into the round bottomed distillation flask and dis-
tilled.15 ml of the distillate was collected in a volu-
metric flask containing 25 ml of 3.4 % chromic
acid. This was then made up to 50 ml. The conden-
sate was heated at 80°C for 15 min in a water bath
and cooled. Absorbance was read at 580 nm using
chromic acid and distilled water (1:1) as blank. Dif-
ferent concentration of ethanol (1 -10 %) was pre-
pared and the above procedure was followed.

RESULTS AND DISCUSSION

Isolation of Fungi: The fungal colonies showed
good growth on Ampillicin incorporated PDA
plates. White colored, short hairy growths were
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observed on the next day of incubation and carpet
like colonies were observed on the seventh day re-
fer Figure 1.

Figure 1: Isolation of fungi from decayed wood

Screening of the isolates for the lignolytic activ-
ity: The fungal colonies were screened for the de-
velopment of brown colour in the PDA plates incor-
porated with 0.05% guaiacol. On third day of incu-
bation, brown color was observed and the maxi-
mum color development was observed on the sev-
enth day. This clearly indicates that the fungal iso-
lates are capable of producing the laccase enzyme
that is involved in lignin degradation. Guaiacol is
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of 3 %, followed by 2 % reduction rate was ob-
served in sugarcane bagasse and paddy straw com-
pared with untreated substrates. The cellulose
content of treated paddy straw, sugarcane bagasse
and sorghum leaves were 22%, 28% and 25% re-
spectively. Untreated paddy straw, sugarcane ba-
gasse and sorghum leaves showed 25%, 31% and
28% cellulose content respectively. The values
were presented in the Table 1 and Table 2.

The reduction rate of cellulose was found to be 3 %
in all the substrates compared with untreated lig-
nocellulosic substrates.

Estimation of reducing sugars: All the samples
including treated and untreated showed color
change when incubated with DNS reagent in water
bath. The intensity of red color was found to be
more in treated lignocellulosic substrates when
compared with the untreated lignocellulosic sub-
strates. This clearly indicates the presence of hy-
drolytic enzymes in the fungal isolate. The amount
of sugars liberated in treated sugarcane bagasse,

Table 1: Biologically treated lignocellulosic substrates

Lignocellulosic Substrate a(g) b(g) c(g) d(g) e(g) % ofLignin % of cellulose
Paddy straw 1 0.67 0.40 0.18 0.05 13 22
Sugarcane bagasse 1 0.72 0.47 0.14 0.02 12 28
Sorghum leaves 1 0.74 0.35 0.10 0.06 4 25
Table 2: Untreated lignocellulosic substrates

Lignocellulosic Substrate a(g) b(g) c(g) d(g) e(g) % ofLignin % of cellulose
Paddy straw 1 0.75 0.58 0.30 0.15 15 25
Sugarcane bagasse 1 0.80 0.65 0.34 0.20 14 31
Sorghum leaves 1 0.70 0.47 0.17 0.10 7 28
Table 3: Standard value of glucose solution

VeI [ . Concentration Vo_lur.ne it Volume of DNS Optical density
Standard F)olutlon dlstllledl
(m (ng) water (ml) reagent (ml) at 575 nm
01 100 09 3 040
0.2 200 0.8 3 0.78
03 300 0.7 3 1.20
0.4 400 0.6 3 1.58
05 500 0.5 3 2.00
Blank 1.0 3 0.00

an indicator, which reported to be used for laccase
production. Reddish brown colour was observed
due to the oxidative polymerization of guaiacol in
the presence of extracellular fungal laccase.

Analysis of lignin and cellulose content: The lig-
nin content of treated paddy straw, sugarcane ba-
gasse and sorghum leaves were found to be 13%,
12% and 4% respectively. Untreated paddy straw,
sugarcane bagasse and sorghum leaves showed
15%, 14% and 8% lignin content respectively.
Maximum delignification was observed in sor-
ghum leaves treated with fungi at a reduction rate

20

sorghum leaves and paddy straw were 470 pg/ ml,
405 pg/ ml and 365 pg/ ml respectively. The un-
treated sugarcane bagasse, sorghum leaves and
paddy straw were 330 pg/ ml, 380 pg/ ml, and 305
pg/ ml respectively. The standard values of glucose
were presented in Table 3 and the optical density
of the treated and untreated substrates were pre-
sented in Table 4.
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Table 4: Estimation of reducing sugars in treated and untreated lignocellulosic substrates

Lignocellulosic Volume ofthe Volume of DNS . .
substrates sample (ml) reagent (ml) Optical density at 575 nm
Treated sugarcane bagasse 1.0 3 1.73
Untreated sugarcane bagasse 1.0 3 1.25
Treated paddy straw 1.0 3 1.45
Untreated paddy straw 1.0 3 1.28
Treated sorghum leaves 1.0 3 1.60
Untreated sorghum leaves 1.0 3 1.45
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Figure 2: FTIR analysis of standard cellulose
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Figure 3: FTIR spectral studies of untreated sugarcane bagasse
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Figure 4: FTIR spectral studies of treated sugarcane bagasse
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Figure 5: FTIR spectral studies of untreated sorghum leaves
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Figure 6: FTIR spectral studies of treated sorghum leaves
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Figure 7: FTIR spectral studies of untreat;d paddy straw
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Figure 8: FTIR spectral studies of treated paddy straw
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Table 5: Ethanol production in biologically treated lignocellulosic substrates

Treated lignocellulosic substrates

Optical density at 540 nm

Paddy straw
Sugarcane bagasse.
Sorghum leaves

0.176
0.89
0.45

FTIR spectra of sugarcane bagasse: All the ab-
sorption peaks located from 3500 to 3000 cm'! are
of higher wave number than pure cellulose. The in-
tensities of these stretching vibrations decreased
after biological treatment. The peak located at
2360 cm-1 shown in Figure 3 corresponds to the
stretching of C = NH* groups present in the pep-
tides and nucleotides suggesting that the hydrogen
bonds of lignin are partially digested.

The absorption peak at 1729 cm! corresponds to
the stretching of C =0 groups. It indicates the re-
lease of monosaccharides. This frequency is found
in the untreated substrates. The disappearance of
monosaccharide units may be utilized by the fungi
for their own growth. The peak at 1637 cm1 shown
in Figure 4 is due to the stretching of CO - NH bond
attributed to the peptides and quinoid vibration in
the GTP. The intensity of these stretching vibra-
tions increased after biological treatment.

The peak at 1362 cm! corresponds to the stretch-
ing of CO - NH and C = C bond. There is an in-
creased stretching of vibrations observed after bi-
ological treatment. The peaks ranging from 1400 -
1200 cm! may be assigned to the lignin moiety and
also to the stretching vibrations of nitrite, nitrate
or phosphate groups that may be present in the nu-
cleic acids. The intensity was found to be increased
in biologically treated when compared with un-
treated substrates. The peak located at 1042 cm-1
is assigned to C- O-C stretching mode. The intensity
of these stretching vibrations increased after the
treated. The peaks 668 and 609 cm! found in the
treated substrates, represents the breakdown of
cellulose to glucose.

FTIR spectra of sorghum leaves: All the absorp-
tion peaks located from 3500 - 3000 cm! are of
higher wave number than pure cellulose. FTIR
spectra of sorghum leaves were shown Figure 5
and Figure 6.

Peak ranges from 3500 - 3000 cm-! corresponds to
the presence of OH and NH group. The peaks at
1443 - 1225 cm! are assigned to phosphate and
amide bending vibration. The peaks at 1729 cm-!
to C= 0. Only minor changes were observed after
treatment.

FTIR spectra of paddy straw: The peak ranging
from 3000- 2500 cm! corresponds to CH vibra-
tions. FTIR spectra of paddy straw were shown in
Figure 7 and Figure 8. The absorption peak at 1631

cm1is assigned to the stretching of CO- NH in pep-
tides and quinoid vibrations in nucleotides. During
pretreatment, hydrolysis of protein present in the
substrate may lead to the release of peptides.

The absorption peaks to 1430 and 1368 cm-! are
assigned to the stretching of phosphate and CO -
NH bending vibrations. The peak at 1054 cm-1 cor-
responds to C= C, C=N stretching.

Ethanol estimation: The optical density of treated
lignocellulosic substrates was shown in Table 5.
The yield of the ethanol in sugarcane bagasse, sor-
ghum leaves and paddy straw were found to be 40
ml, 12 ml and 5 ml per 1000 ml of the fermented
samples.

CONCLUSION

Based on the above FTIR analysis, the pretreat-
ment (biological) showed various structural
changes including release of GTP, decrease of mon-
osaccharides, liberation of simple sugars and de-
formation of lignin structure. The maximum etha-
nol production was observed in sugarcane bagasse
due to the increased concentration of sugars than
the other two substrates. Theoretical ethanol
yields from sugar and starch (g ethanol/ g sub-
strate) are higher than from lignocellulose, these
conventional sources are uneconomical on the ba-
sis of food security, insufficient for worldwide bio-
ethanol production. In that aspect, agricultural lig-
nocellulosic wastes are renewable, less costly and
abundantly available in nature and don’t demand
separate land, water, and energy requirements.
For economically feasible bioethanol production,
several hindrances are to be overcome.
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