Waste Biomass Valor (2018) 9:969-984
DOI 10.1007/s12649-017-9886-0

@ CrossMark

ORIGINAL PAPER

Investigation on Saccharification and Bioethanol Production
from Pretreated Agro-Residues Using a Mangrove Associated
Actinobacterium Streptomyces variabilis (MAB3)

Muthusamy Sanjivkumar! - Ananthakumar Brindhashini! - Murugan Deivakumari

Arunachalam Palavesam’' - Grasian Immanuel’

1,

Received: 27 September 2016 / Accepted: 27 February 2017 / Published online: 7 March 2017

© Springer Science+Business Media Dordrecht 2017

Abstract The present study was undertaken to evaluate
the saccharification, followed by bioethanol production by
an actinobacterium Streptomyces variabilis (MAB3) iso-
lated from the sediment sample of mangrove environment
using Modified Yeast extract—Peptone medium substituted
with different concentrations of xylanase (50 to 400 IU)
pretreated various agro-residues like vegetable, banana,
mango, sugarcane bagasse and sugarcane juice through fer-
mentation process. Among the tested residues, sugarcane
juice substituted medium pretreated with 200.0 IU concen-
tration of xylanase exhibited maximum level of reducing
sugar (50.19 mg/g), degree of saccharification (59.49%) as
well as bioethanol (4.69 g/L) production. Further the organ-
ism expressed highest saccharification yield and bioetha-
nol production at the optimized cultural conditions of pH

6, temperature 30°C, inoculum size 2.5% and incubation
time 72 h substituted with 2.5% dextrose and 2.0% urea,
respectively as carbon and nitrogen sources. The concentra-
tion of produced bioethanol (82.26%) from the optimized
medium was determined through HPLC analysis. Finally
the bioethanol was evaluated through FT-IR and GC-MS
analysis. The basic functional ethanol groups (O-H and
C-0) from the optimized medium were denoted in both
FT-IR and GC-MS analysis at the wavenumber of 3272.22
and 1077.15 cm~! with the retention time of 2.60 min,
respectively. Based on the results, it could be confirmed
that the selected isolate is a potent strain and it can able to
hydrolyze the pretreated agro-residues and also it can able
to convert the pretreated agro residues into economically
important byproduct like bioethanol.

Graphical Abstract

Screening

< Grasian Immanuel
gimmas @ gmail.com

MNP Laboratory, Centre for Marine Science and Technology,
M.S. University, Rajakkamangalam, Tamil Nadu 629502,
India

Selected active strain

Agro-residue substituted
medium

Characterization

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12649-017-9886-0&domain=pdf

970

Waste Biomass Valor (2018) 9:969-984

Keyword Rhizosphere soil - Sugarcane juice -
Sachharification - Bioethanol - Streptomyces sp.

Introduction

Ethanol is an important alternative energy source, which
is being used in many countries to lower the dependency
on fossil fuels [1]. Efficient conversion of lignocellulosic
materials into fuel ethanol has become a world priority
due to the depletion of the fossil fuels and the increasing
demand of fuel in the transportation sector [2]. Lignocel-
lulosic (LCC) materials such as agricultural (wheat bran,
sugarcane bagasse, soybean, rice straw, corncob and orange
peel) and forest residues, crops and herbaceous materials in
large quantities are available in many countries with vari-
ous climatic conditions, making them suitable and poten-
tially cheap feedstocks for sustainable production of eco-
nomically important products like ethanol [3]. In beverage
industries, lignocellulosic biomasses are used as raw mate-
rial for the production of alcoholic derivatives and it consti-
tutes cellulose, hemicellulose (carbohydrate polymers) and
lignin [2, 4]. However, these wastes are biodegradable and
can be converted into valuable products such as biofuels,
chemicals and cheap energy sources for fermentation and
ameliorated animal feeds [5]. Biomass conversion to etha-
nol proceeds in a step wise manner, where pretreatment and
saccharification are the two most important steps which
determine the overall cost and efficiency. The hydrolysis of
these polysaccharides is hampered by the presence of lignin
and the compact architecture of the cell-wall which makes
them much more difficult than starch to be enzymatically
degraded to fermentable sugars. Therefore, a pretreatment
of this material is necessary to remove or alter the lignin in
order to improve the rate of enzymatic hydrolysis of cellu-
lose or hemicellulose and increase the yield of fermentable
sugars [6]. The purpose of the pretreatment is to remove
lignin and hemicellulose, reduce cellulose crystallinity, and
increase the porosity of the materials. Biomass-pretreat-
ment is needed to make the cellulose present in plant cell
walls accessible for enzymatic hydrolysis [7].

Both the pretreatment and enzymatic hydrolysis, yield
fermentable sugars like glucose, proceeds the final fer-
mentation step in which bioethanol is obtained. How-
ever, the yield of fermentable sugars by using enzymatic
hydrolysis is highly dependent on the type and severity of
the biomass-pretreatment [8]. So far, several hydrolytic
enzymes were used for pretreatment, namely cellulases and
xylanases which have been isolated from different micro-
organisms, including fungi, yeasts and bacteria especially
actinomycetes [9]. Among the various genera of actinomy-
cetes identified so far, Streptomycetes are quite significant
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as they bring about decomposition of various plant based
polysaccharides by the production of wood hydrolytic
enzymes, such as cellulases and hemicellulases (xylanases)
[10]. Xylanases from Actinomadura sp. [11], Streptomyces
lividans [12], Streptomyces sp. [13], Streptomyces cya-
neus SN32 [14] and Streptomyces sp [15]. have also been
reported. These enzymes have received worldwide atten-
tion due to their potential applications especially in the
biodegradation of agronomic wastes and are being increas-
ingly used in food and beverage industries. Considering the
importance of enzymatic treatment, the present study was
focused on the saccharification, production, optimization,
estimation and characterization of bioethanol from xyla-
nase pretreated agro-residues through fermentation process
using mangrove associated actinobacterium isolated from
the rhizosphere sediment of Manakudy estuary, South west
coast of India.

Materials and Methods
Collection and Analysis of Sediment Samples

The rhizosphere sediment soil samples were collected from
five regions (RS1 to RS5) of mangrove environment of
Manakudy estuary, South India, using sterile plastic con-
tainers and the samples were transported aseptically to the
laboratory. In the laboratory, the samples were air dried
under room temperature for 2-3 days. The physico-chem-
ical properties of the collected rhizosphere sediment sam-
ples were performed using standard procedures described
in APHA [16] and ASTM [17].

Isolation of Actinobacterial Strains

The actinobacterial strains from each soil samples (RS1
to RS5) were isolated according to the method of Rad-
hakrishnan et al. [18] through serial dilution and spread
plate technique using sterile Starch casein agar (SCA)
medium at pH 8. Totally 14 different actinobacterial col-
onies based on different characteristics (morphology,
appearance and reverse-side pigmentation) were picked
up and inoculated individually in International Streptomy-
ces Project Medium 2 (ISP2) agar at pH 8 and incubated
at 28 °C for 5-7 days. They were designated as MAB1 to
MABI14. These actinobacterial colonies were sub-cultured
on Yeast extract—Malt extract agar (ISP2-agar) slants and
preserved at 4 °C for further studies.

Preparation of Actinobacterial Inoculum

In different 250 mL conical flasks, 50 mL of sterile ISP2
broth were taken, into which all the isolated actinobacterial
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strains were inoculated separately. The inoculated flasks
were incubated at 30 °C for 24-48 h. After incubation 5 mL
of culture broth of individual strain was used as an inocu-
lum for bioethanol production.

Screening for Bioethanol Production

5.0% each of all the 14 (MAB1 to MAB14) actinobacte-
rial strains were individually inoculated in 100mL ster-
ile modified YEPX medium at pH 6.5 and the flasks were
incubated in rotary shaker at 150 rpm for 5-7days [19].
After incubation, the production medium from the individ-
ual flasks were centrifuged at 5000xg for 15 min. 0.5 mL
each of individual supernatant and 4.5 mL of distilled water
were taken in 15 mL test tubes. 1 ml of (0.1 M) potassium
dichromate and few drops of H,SO, (0.1 N) were continu-
ously added to the test tubes. Then the reaction tubes were
kept in a water bath for 10 min. The colour of the samples
was turned from yellowish to green, which indicated the
presence of bioethanol. Based on the result of this study,
the strain MAB3 was identified as potent strain, which
produced maximum amount of bioethanol and it was con-
firmed based on colour intensity by using UV—Vis spectro-
photometer (UV23011I model) at 600 nm. Therefore this
particular strain was treated as potent candidate strain and
it was further characterized.

Taxonomical Characterization and Identification
of Actinobacterium

The cultural characteristics of the selected potent act-
inobacterial strain (MAB3) were studied by using differ-
ent culture media (ISP1 to ISP7) and the micromorphol-
ogy of the potent strain was examined under bright field
microscope and scanning electron microscope. Utilization
of carbon sources by the candidate strain was carried out
according to the method of Shirling and Gottileb [20] and
physiological characteristics (using ISP2 medium with dif-
ferent pH (5 to 12), temperature (20 to 90 °C) and NaCl (0
to 7%) tolerance studies) of the potential strain were studied
using standard procedures. In molecular characterization,
the total genomic DNA of the potent strain (MAB3) was
isolated using the phenol chloroform method of Nathan
et al. [21] with slight modification. The 16S rRNA gene
was amplified using the forward primer: 5'-CCAGCAGCC
GCGGTAATA CG-3' and reverse primer: 5-TACCAG
GGTATCTAATCC-3'. The 16S rRNA gene sequence data
was analyzed using BLAST search. The sequences were
aligned using the CLUSTAL NW program [22]. The evo-
lutionary distance was calculated by Kimura 2 parameter, a
phylogenetic tree was constructed by the neighbor-joining
method. The 16S rRNA gene sequence determined in this

study was deposited in GenBank of NCBI data base library
under the accession number KM435070.

Collection of Enzyme Sample

The recommended xylanase enzyme for pretreatment pro-
cess was obtained from MNP laboratory, Centre for Marine
Science and Technology, M.S. University, Rajakkaman-
galam, India, which was the purified enzyme already pro-
duced from Streptomyces olivaceus (IMSU3) [23].

Pretreatment of Agro-Residues

The agro-residues such as vegetables, banana, mango, sug-
arcane bagasse, and sugarcane juice were collected from
a local market at Nagercoil, Kanyakumari district, India.
Samples were aseptically transported to the laboratory.
Then, the pretreatment process of individual residues was
performed by a modified method of Detroy et al. [24] using
different concentrations (50, 100, 200, 300 and 400 IU) of
xylanase enzyme.

Determination of Total Sugar Content in the Collected
Agro-Residues

The total sugar content in the collected agro-residues was
determined by the method proposed by Saritha et al. [25]
using anthrone reagent. The concentration of total sugar
was calculated by using glucose as a standard.

Saccharification of Pretreated Agro-Residues

In enzymatic hydrolysis or saccharification, a suspension
of individual pretreated agro-residues (10 g/L) were pre-
pared in 50 mM acetate buffer (pH 7.0) and autoclaved at
121 °C for 20 min. Exactly 15 mL each of substrate suspen-
sions were taken in 100 mL Erlenmeyer flasks and 5 mL
of culture broth was inoculated and kept in a rotary shaker
(150 rpm) at 30 +2°C for 48 h [26]. The resultant superna-
tants, following centrifugation (5000xg for 15 min) were
assayed for total reducing sugars using DNS method [27].
The release of sugar was expressed as equivalent to glu-
cose. The degree of saccharification was calculated as

Glucose (mg/mL)
Substrate (mg/mL)

Saccharification (%) = x 100

Bioethanol Production

Ethanol production was performed by using modified
YEPX medium containing : p-xylose 40 g/L, yeast extract
5 g/L, peptone 20 g/L, KH,PO, 0.5 g/L, (NH,),SO, 0.5 g/L
and MgSO,-7H,O 0.5 g/L. Instead of p-xylose, various
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pretreated agro-residues were used individually as carbon
source for ethanol production. The pH of the medium was
adjusted to 6.5 and the medium was sterilized at 121°C
for 15 min. After sterilization 5x 10° CFU/mL of actino-
bacterial culture was inoculated and the flasks were incu-
bated at 28°C on a rotary shaker at 150 rpm [28]. After
5-7 days of incubation, the cultures were centrifuged at
5000xg for 15 min at 4 °C. The supernatants were filtered
using a 0.2 pm filter paper (Milipore) and analyzed for
ethanol production through spectrophotometric method at
600 nm. Ethanol concentration was determined by standard
curve using different concentrations (1-10% v/v) of abso-
lute ethanol as a standard [29]. Based on the results, among
the tested concentrations of enzyme pretreated residues,
sugarcane juice (40% v/v) pretreated with 200.0 IU xyla-
nase rendered maximum degree of saccharification as well
as maximum bioethanol production. Therefore this par-
ticular agro-residue (sugarcane juice treated with 200.0 TU
enzyme) alone was further selected for optimization study.

Optimization of Culture Conditions on Saccharification
and Bioethanol Production

The saccharification and bioethanol production were opti-
mized according to the modified method of Hossain et al.
[30] by various parameters like different pH (4, 5, 6, 7, 8,
9, 10, 11 and 12), temperature (20, 30, 40, 50 and 70°C),
carbon source (xylose, dextrose, sucrose, fructose, lactose
and mannitol), nitrogen source (urea, beef extract, yeast
extract, tryptone, peptone and ammonium sulphate), inocu-
lum concentrations (0.5 to 5.0%) and incubation time (24
to 120 h) using xylanase (200 IU) pretreated sugarcane
juice medium. 40 mL each of sugarcane juice medium were
taken in different 250 mL conical flasks. Then, the flasks
were autoclaved at 121 °C for 30 min. After sterilization,
culture inoculum was added and kept in a rotary shaker at
150 rpm for 5-7 days. After incubation, the medium from
the individual flasks were centrifuged at 5000xg for 15 min
at 4°C. The degree of saccharification and bioethanol from
the culture free filtrates were determined by spectropho-
tometery (UV2301II model) at 540 and 600 nm respec-
tively using glucose and absolute ethanol as standards.

Determination of Bioethanol Using HPLC

The production of bioethanol from the optimized medium
(Sugarcane juice medium) was determined through high
performance liquid chromatography (HPLC) analysis
using an analytical column (Aminex-HPX-87H). 0.5 pL of
bioethanol sample was used. In the column, the sample was

@ Springer

eluted with SmM sulfuric acid and HPLC grade water at
60 °C with the flow rate of 0.6 mL/min.

Characterization of Bioethanol

The produced bioethanol from the optimized medium was
characterized by using FT-IR and GC-MS analysis.

Characterization of Bioethanol Using FT-IR-Analysis

The FT-IR analysis of the bioethanol sample was performed
by preparing KBr pellets and correspondingly subjected
in Perkin FElmer spectrophotometer (Perkin Elmer model
spectrum-I Pc) in the absorption range between 4000 and
400 cm™! with a detector at the resolution of 4 cm™'. The
number of scans taken per sample was 20. The peak values
of the FT-IR were recorded and were repeated twice for the
spectrum confirmation [31].

Characterization of Bioethanol Using GC-MS Analysis

The GC-MS analysis of the bioethanol was performed
according to the method of Dizhbite et al. [32] using Perkin
Elmer Clarus-680 model with capillary column Elite-5MS,
30 mx0.25 mm ID, 250 um df. The injector temperature of
260 °C, ion source of 260 °C with EI of 70 eV, the MS scan
range of 50-60 Da, carrier gas (helium) at the flow rate of
1 mL/min and the split ratio of 10:1. The identification of
the individual compounds was performed on the basis of
GC/MS chromatogram using Library NIST-2008, whereas
the relative area of the peak of individual compounds was
calculated using the Turbo mass ver. 5.4.2 software on the
basis of GC/MS data.

Kinetic Parameters

The kinetic studies of bioethanol production were carried
out at a constant actinobacterial inoculum concentration
(2.5%) with different concentrations of sugarcane juice
(10-100% v/v) as substrate. A typical Lineweaver—Burk
plot was obtained when 1/u was plotted against 1/s. Kinetic
parameters (K and u,,,,) were estimated by linear regres-
sion from Lineweaver—Burk plot [33].

Statistical Analysis

The data obtained in the present study were expressed as
Mean + SD and were analyzed using ANOVA test and sub-
sequently conducted post hoc multiple comparison with
SNK test at 5% level of significance using computer soft-
ware STATISTICA 6.0 (Statosoft, Bedford, UK).
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Results

Analysis and Isolation of Actinobacteria
from Rhizosphere Sediments

There were five rhizosphere sediment samples (RS1 to
RS5) collected near the mangrove plant Avicennia marina
at Manakudy estuary. The physico-chemical character-
istics of respective soil samples were analyzed and the
results obtained are presented in Table 1. It showed that
the highest volume of minerals like nitrogen (72.0%), iron
(1.30 ppm) and copper (1.04 ppm) were recorded in RS3
soil than other collected samples and which was black in
colour, granular with low lime status. The pH value of RS3
soil was 8.2. But the remaining macro and micro nutrients
were relatively lower than other samples like RS1, RS4
and RS5. The highest pH (9.8) was recorded in RS2 soil; it
was noticed as pale grey and sandy in nature. Among these
five soil samples, RS3 represented maximum (1.9 X 10°
CFU/g) mycelial growth of actinobacteria in Starch Casein
agar medium, whereas the other soil samples such as RS1,
RS2, RS4 and RSS5 represented the mycelial growth of act-
inobacteria in the order of 1.1x10%, 1.4x 10%, 1.6 10* and
1.2x10* CFU/g, respectively. In all these five soil sam-
ples, totally 14 different actinobacterial strains were iso-
lated based on their morphological characteristics such as
appearance, aerial mass colour, aerial mycelium, substrate
mycelium and pigmentation. All these 14 strains were des-
ignated as MAB1 to MAB14. Appearance of all the strains
represented powdery and only two strains (MAB4 and
MAB13) represented leathery appearance. Aerial mass col-
our of majority of the strains represented white colour, fol-
lowed by grey, purple, dark red, whitish grey, pink colonies
etc. All the 14 strains have aerial mycelium and substrate

mycelium. The pigmentation on reverse side of actinobac-
terial strains exhibited different colours with dark brown,
brown, yellow, pale yellow, black, blue, pink etc. However,
only few strains like MAB3, MAB6 and MABS represented
brown, black and pink colours soluble pigments (Table 2).

Screening of Bioethanol Production

All the 14 strains were screened for bioethanol production.
Among them only three isolates such as MAB3 (0.3449
OD), MAB7 (0.1672 OD) and MABS (0.098 OD) showed
positive result on bioethanol production. Among these
three isolates, only one isolate MAB3 showed highest pro-
duction of bioethanol. Hence this particular strain was fur-
ther subjected to fermentation process.

Taxonomical Identification of Selected Actinobacterial
Strain

The selected potent actinobacterial strain (MAB3)
(Fig. 1a) which showed maximum production of bioetha-
nol during screening study was further identified by both
cultural and physiological characteristics using standard
procedure and the results are given below.

Cultural Characterization of Selected Actinobacterial
Strain

The selected actinobacterial strain (MAB3) was iden-
tified by using various defined culture media ISP1 to
ISP7 and the results on morphological appearance on the
cultural media are given in Table 3. Of the various ISP
media tested, strain MAB3 showed good growth on all

Table 1 Physico—chemical characterization of rhizosphere sediment soil samples (MS1 to MS5) of A. marina mangrove ecosystem of

Manakudy estuary

Soil elements Tests Soil samples
RS1 RS2 RS3 RS4 RS5

Soil nature Colour Black Pale grey Black Pale brown Grey
Texture Fine sandy Sandy Granular Coarse Coarse
pH 8.1+0.11 9.8+0.12 8.2+0.20 8.4+0.11 9.0+0.20
Lime status Medium Nil Low Nil Low

Macro nutrients (%) Nitrogen 43.00+1.66 65.00+1.60 72.00+£2.45 61.00+1.62 31.00+1.62
Phosphorus 19.00+1.63 22.12+1.52 12.30+1.58 09.18+0.85 11.86+1.67
Potassium 90.01+2.05 71.00+2.45 27.50+1.65 38.72+1.66 85.21+1.63

Micro nutrients (ppm) Iron (Fe) 0.00+0.00 1.08+0.016 1.30+0.017 0.00+0.00 0.57+0.016
Manganese (Mn) 1.08+0.016 0.00+0.00 0.36+0.017 1.03+0.017 0.00+0.00
Zinc (Zn) 1.21+0.021 0.00+0.00 0.00+0.00 0.07+0.001 0.21+0.0001
Copper (Cu) 0.75+0.0001 0.00+0.00 1.04+0.016 0.02+0.0001 0.00+0.00

Each value is the Mean + SD of triplicate analysis
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Table 2 Morphological
characteristics of isolated

Strains

Appearance Aerial mass colour Aerial

Substrate

Reverse side pigment Soluble pigment

. ; 8 myce- mycelium

actinobacterial strains from lium

sediment soil samples of A.

marina using Yeast extract— MABI Powdery  Dark red + + Dark brown -

Malt extract (ISP2) agar MAB2 Powdery  Dirty white + + Dark brown -
MAB3  Powdery Grey + + Brown Brown
MAB4  Leathery Pale pink + + Pale yellow -
MABS5  Powdery Grey + + Grey -
MAB6  Powdery Dark green + + Black Black
MAB7 Powdery Grayish white + + Brown -
MAB8 Powdery White + + Pink Pink
MABY9 Powdery Purple + + Yellow -
MABI10 Powdery Pale white + + Pale yellow -
MABI11 Powdery Dirty brown + + Dark grey -
MABI12 Powdery Whitish blue + + Blue -
MABI13 Leathery White + + Pale brown -
MABI14 Powdery Brown + + Brown -

+ positive and —negative

ISP media, except ISP3 and ISP5 media and in these two
media, it showed moderate growth. Reverse side pigmen-
tation was observed in the strain grown in all the media.
It was noted that the strain grown in ISP1, ISP4 and ISP6
media represented pale brown in colour, whereas the
strain grown in ISP3, ISP5 and ISP7 media, represented
yellow and brown colours. The appearance of this strain
in different media showed powdery appearance. The aer-
ial mass colour of this strain grown in different media rep-
resented different colours with whitish-grey, grey, white,
pale-white, pale-grey, etc. The Micromorphology of this
strain was examined through bright field microscope as
well as scanning electron microscope (SEM) (Fig. 1b).
Under this observation, both substrate and aerial mycelia
were observed. The spore chain morphology was identi-
fied and it appeared as smooth and spiral shape.

Physiological Characteristics of Selected
Actinobacterial Strain

The result on physiological characteristics of the act-
inobacterial strain (MAB3) is represented in Table 4. In
carbon utilization study, the strain MAB3 showed good
mycelial growth in all the tested sugars, except in man-
nitol and arabinose. In tolerance studies, ISP2 medium
with different pH (6 to 11), temperature (20 to 40°C)
and NaCl concentrations (0 to 2%) showed good myce-
lial growth. Moderate growth of the strain MAB3 was
observed at pH 12, temperature 50 °C and at the NaCl
concentration 3%, in ISP2 medium. However, no growth
of mycelia was noticed in ISP2 medium with pH 5, tem-
perature 60 °C and NaCl concentration above 3%.
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16S rRNA Sequencing

The active selected actinobacterial strain (MAB3)
was identified by 16S rRNA sequencing and the result
obtained was deposited in GenBank of NCBI data library
under accession number KM435070. The phylogenetic
tree was constructed by the neighbor-joining method
(Fig. 2). Based on the studied phenotypic characteristics
and 16 S rRNA sequencing, the potent actinobacterium
MAB3 was identified as Streptomyces variabilis.

Determination of Total Sugar Content in the Collected
Agro-Residues

The total sugar content in the collected agro-residues was
analyzed through anthrone method and the result obtained
is summarized in Table 5. It revealed that the maximum
sugar content (60.22 mg/g) was found in sugarcane juice
than other respective agro-residues such as sugarcane
bagasse (51.00 mg/g), vegetable residue (38.16 mg/g),
banana residue (42.0 mg/g) and mango peel (46.82 mg/g).

Pretreatment Process

The collected agro-residues were individually pretreated
with xylanase enzyme at different concentrations (50, 100,
200, 300 and 400 IU). Then these pretreated residues were
used as carbon source for saccharification and bioethanol
production (Tables 6, 7). The results obtained are given
below.
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Fig. 1 a Potent actinobacterial strain (MAB3), its micromorphology
under b scanning electron microscopy

Xylanolytic Hydrolysis of Pretreated Agro-Residues

After incubation of the individual pretreated agro resi-
dues along with the candidate strain S. variabilis, the cul-
ture suspensions were individually centrifuged, followed
by, the supernatants were collected and assayed. The

degree of saccharification was calculated and it is recorded
in Table 6. Among the tested samples, mango residue
showed lowest saccharification yield (22.67 to 35.36%)
at the respective enzyme concentrations (50 to 400.0 IU),
whereas the degree of saccharification of sugarcane juice
was comparatively high (30.29 to 59.49%), followed by
sugarcane bagasse (26.07 to 49.83%). When compared to
the different concentrations of enzyme treatment, maxi-
mum degree (35.36 to 59.49%) of saccharification was
observed at 200.0 IU concentration in all the tested residues
with maximum at sugarcane juice. The statistical two-way
ANOVA result on saccharification revealed that the differ-
ences between substrates as well as differences between
enzyme concentrations were highly significant (P <0.001).

Bioethanol Production

Bioethanol production was performed by using various pre-
treated agro residues. After incubation, the samples were
centrifuged and the clear supernatant solutions were treated
with (0.1 M) potassium dichromate and allowed to stand
for few minutes, followed by the results were observed
(Table 7). Among the five pretreated agro residues, the
production of bioethanol from sugarcane juice was higher
(3.10 to 4.69 g/L) at the respective concentrations (50 to
400.0 IU) of enzyme treatment, than others, but mango res-
idue showed least bioethanol production (1.36 to 1.63 g/L).

Estimation of Reducing Sugar Level in Different
Untreated and Pretreated Agro-Residues

After bioconversion, all the tested agro-residues pretreated
with 200 IU enzyme, exhibited maximum degree of sac-
charification (35.36 to 59.49%) as well as bioethanol pro-
duction (1.63 to 4.69 g/L). Hence, this particular concen-
tration of xylanase treated agro-residues were selected for
estimation of reducing sugar respectively compared with
untreated agro-residues and the results are given in Table 5.
The formation of reducing sugar (glucose) level in both
untreated (43.02 mg/g) and pretreated (50.19 mg/g) sug-
arcane juice was observed maximum, when compared to

Table 3 Cultural characteristics

Media  Growth Consistency Aerial mass colour ~ Reverse side pigment Soluble pigment
of the selected potent
actinobacterial strain (MAB3) ISP1 Good Powdery Whitish grey Pale brown -

ISP2 Good Powdery Grey Dark brown Brown

ISP3 Moderate Powdery White Yellow -

ISP4 Good Powdery White Pale brown -

ISP5 Moderate Powdery Pale white Yellow -

ISP6 Good Powdery White Pale brown -

ISP7 Good Powdery Pale grey Brown -

— negative
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Table 4 Physiological characteristics (carbon utilization and tolerance studies) of the selected potent actinobacterial strain (MAB3)

Carbon utilization Growth pH tolerance Growth Temperature toler- Growth Salt tolerance  Growth
ance (°C) (%)
Lactose Good 5 No growth 20 Good 0.0 Good
Cellulose Good 6 Good 30 Good 1.0 Good
Sucrose Good 7 Good 40 Good 2.0 Good
Xylose Good 8 Good 50 Moderate 3.0 Moderate
Inositol Good 9 Good 60 No growth 4.0 No growth
Fructose Good 10 Good 70 No growth 5.0 No growth
Arabinase Moderate 11 Good 80 No growth 6.0 No growth
Mannitol Moderate 12 Moderate 90 No growth 7.0 No growth
Fig. 2 Idgntiﬁcatiqn of the 9% lsu-ep(wm mmnsm (NR 0422941)
potent actinobacterium (MAB3)
through phylogenetic tree + lsnep(mwm gﬁsqjmus (m 0422%1)
analysis
8 Streptomyces griseoflaws (NR 042291.1)
Streptomyces variabilis INR 043840.1)
5 Streptomyces althioticus (NR 043359.1)
Streptomyces sp. MAS31
Streptomyces labedae (NR 041192.1)
- Streptomyces longispororuber (NR 041147.1)
" - Streptomyces matensis (NR 041088.1)
% [ Streptomyces griseorubens (NR 041066.1)
o Streptomyces paradoxus (NR 041167.1)
—

[R1

Table 5 Determination of sugar

oY Agro residues
content in different untreated

Total sugar (mg/g)

Reducing sugar (mg/g) Non reducing sugar (mg/g)

and pretreated agro-residues Untreated Pretreated Untreated Pretreated
Vegetable residue 38.16x+1.51 19.07+£1.05 2201177 19.09+0.68 16.15+0.82
Banana residue 42.00+2.33 27.54+1.80 33.72+1.06 14.46+0.61 8.28+0.75
Mango peel 46.82+2.44 30.72+1.56 39.20+1.49 16.10+£1.05 7.62+0.72
Sugarcane juice 60.22+2.49 43.02+2.44  50.19+2.14 17.20x1.47 10.03+0.94
Sugarcane bagasse ~ 51.00+2.43 3520+1.04  42.56+2.24  15.80+1.42 8.44+0.73

Each value is the Mean =+ SD of triplicate analysis

other agro-residues such as sugarcane bagasse (35.20 and
42.56 mg/g), banana residue (27.54 and 33.72 mg/g) and
mango peel (30.72 and 39.20 mg/g). Meanwhile, the high-
est value of 19.09 and 16.15 mg/g of non-reducing sugar
level was recorded in both untreated and pretreated vegeta-
ble residue respectively. But the remaining agro-residues

@ Springer

with the non-reducing sugar level such as banana residue
(untreated: 14.46 mg/g and pretreated: 8.28 mg/g), mango
peel (untreated: 16.10 mg/g and pretreated: 7.62 mg/g),
sugarcane juice (untreated: 17.20 mg/g and pretreated:
10.03 mg/g) and sugarcane bagasse (untreated: 15.80 mg/g
and pretreated: 8.44 mg/g) were observed and recorded.
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Table 6 Degree_ of . Substrates Saccharification (%) at different enzyme concentrations

saccharification in different

concentrations of xylanase 50 IU 100 IU 200 IU 300 IU 400 IU

pretreated agro-residues

substituted media by the potent Vegetable residue 26.67+1.98 38.07+1.70 41.44+2.10 37.43+2.19 26.46+2.62

actinobacterium S. variabilis Banana residue 28.38+1.38 3344+1.93 40.51+2.10 37.72+2.32 30.55+2.21

(MAB3) Mango residue 23.65+2.74 31424209  3536+2.13  30.58+229  22.67+197
Sugarcane juice 30.29+1.94 36.67+2.21 59.49+2.32 51.33+1.71 43.55+2.16
Sugarcane bagasse 26.07+2.04 31.48+1.99 49.83+2.21 45.49+2.35 40.72+2.09
Each value is the Mean + SD of triplicate analysis

f[‘ab.le 7 Bioethanol p.r oduction Substrates Bioethanol production (g/L) at different enzyme concentrations

in different concentrations of

xylanase pretreated agro- 50 IU 100 IU 200 IU 300 IU 400 IU

residues substituted media by

the potent actinobacterium S. Vegetable residue 1.50+0.021 2.133+0.016 2.40+0.015 2.27+0.018 2.00+0.022

variabilis (MAB3) Banana residue 1.80+0.018 1.87+0.017 1.94+0.021 1.73+0.016 1.58 +0.015
Mango residue 1.37+0.015 1.40+0.017 1.63+0.018 1.56+0.016 1.36 +0.017
Sugarcane juice 3.10+0.022 3.26+0.015 4.69+0.022 4.07+0.016 3.52+0.021
Sugarcane bagasse 2.16+0.018 2.30+0.018 2.43+0.017 2.17+0.014 1.80+0.020

Each value is the mean + SD of triplicate analysis

Optimization of Saccharification and Bioethanol
Production

In the preliminary screening study, the degree of sacchari-
fication (35.36 to 59.49%) and bioethanol production (1.63
to 4.69 g/L) were obtained maximum at the basal medium
substituted with pretreated sugarcane juice at 200.0 ITU
enzyme concentration. Therefore this pretreated sugarcane
juice was selected for further optimization studies. The sac-
charification and bioethanol production were optimized by
varying factors including different pH, temperature, car-
bon sources, nitrogen sources, incubation time and differ-
ent innoculum size of the candidate organism S. variabi-
lis (MAB3). Among the tested pH, the maximum degree
of saccharification (43.50%) and bioethanol production
(4.38 g/L) were recorded at pH 6. With a further increase
in medium pH of 7 to 12, a gradual decrease of bioetha-
nol from 3.41 to 1.75 g/L and decrease of saccharifica-
tion from 38.5 to 21.54% respectively were observed and
recorded. In temperature optimization study, the maximum
degree of saccharification (40.17%) and bioethanol produc-
tion (2.73 g/L) were recorded at 30°C. Beyond 30°C, the
degree of saccharification (38.08 to 20.0%) and bioethanol
production (2.67 to 1.60 g/L) were gradually decreased at
40-70°C, respectively (Fig. 3).

The study on effect of nutritional sources on sacchari-
fication and bioethanol production indicated that among
the tested carbon sources, dextrose substituted medium
displayed maximum degree of saccharification (45.72%)
and bioethanol production (3.14 g/L), whereas fructose
substituted medium displayed minimum degree (26.00%)

of saccharification and 1.20 g/L. of bioethanol production.
Similarly, among the tested nitrogen sources, urea substi-
tuted medium showed maximum degree of saccharification
(55.63%) and production of bioethanol (3.27 g/L), followed
by tryptone (46.18% and 3.18 g/L), peptone (41.26% and
3.02 g/L), beef extract (37.21% and 2.76 g/L) etc., but the
yeast extract substituted medium resulted in least degree
of saccharification (35.00%) and also bioethanol produc-
tion (2.56 g/L). In the case of inoculum size effect on sac-
charification and bioethanol production, it revealed that at
the least level of inoculum size (0.5%), the saccharifica-
tion and ethanol production were recorded as 22.03% and
1.22 g/L, respectively. However, when the size of inoculum
increased, the saccharification yield and bioethanol produc-
tion were also simultaneously increased and attained their
maximum (50.82% saccharification and 2.83 g/L bioetha-
nol production) at 2.5% of inoculum size. Further increase
in inoculum size showed decrease in level of saccharifica-
tion and ethanol production. The effect of incubation time
on saccharification and bioethanol production displayed a
maximum of 56.17% saccharification and 3.47 g/L. ethanol
production at 72 h of incubation, whereas least level of sac-
charification (37.39%) and ethanol production (2.17 g/L)
were observed at 24 h of incubation (Fig. 3).

Determination of Bioethanol by HPLC Analysis
The bioethanol obtained (4.38 g/L) from the optimized
pretreated medium during 72 h of incubation was cen-

trifuged at 5000xg for 10 min. After centrifugation,
the supernatant solution was distilled and tested for

@ Springer



978 Waste Biomass Valor (2018) 9:969-984

(@) (b)
60 35 7 - TR
S ~
~ 50 M3 ﬁ ~ 60 1 35 @
$ N N g
< 25 & < 3 2
£ 10 - 5§ 501 S
1 3] = f < =
< | E] = b AR
7 2 2 5 40 1 e 2
£ 30 g g ac 2 &
- = —
] FLs = - 4 ©
4 g 2% 15 §
g o , § o
a £ a2 1 2
10 1 Los S a
0.5 a 10 0.5
0 4 + 0 0 4 T T T T T 0
Xylose Dextrose Sucrose Fructose Lactose  Mannitol Urea  Beefextract Ammonium Tryptone Yeastextract Peptone
Carbon sources sulphate
() (d) Nitrogen sources
50 5 D I b ¢ 35
¢
451 L5 3 0 ¢ )
d D) [3 &
01 g 3 z
~ ¢ ~ =C
L 354 35 .2 0 F 258
g b bf 35 5 30 g
£ 301 g L3 2 ] S
& ] &2 2
i x a ah g Las 2 g 2
b ° £20 4 | =S
Z 20 t2 2 g 158
2 ] s =
CERTE L15 3 5151 3
= =) g F1 S
a0 b1 & @ 10 1 A
5 F o5 5 b 05
0 r 0 0 Lo
45 ¢ 7 8 5 0 1B 2 30 0 50 6 70
pH ranges
Temperature ranges (°C)
(e ®
70 1 m Saccharification (%) ——Bioethanol (g/L) r
¢
~
2 60 1 r35d
= ( 2]
Q N Q b e |,z
S R E
= = S 40 4 =)
= S g =
Q = =) F2 &
& 3 > -
E 5 g 30 A ]
E E % 15 3
g :§ @ 201 1 2
0 & -3
10 A k05
0 T T T T 0

05 1 15 2 25 3 35 4 45 3 H 48 2 9% 120
Inoculum size (%) Incubation time (hr)
Fig. 3 Effect of different carbon (a), nitrogen (b) sources, pH (c), Mean+SD of triplicate analysis, bars represented on saccharifica-
temperature (d), inoculum size (e) and incubation time (f) on sacchar- tion yield with different superscript letters are statistically significant
ification (%) and bioethanol production (g/L) by S. variabilis (MAB3) (One-way ANOVA test: P <0.05; further post hoc multiple compari-
in pretreated sugar cane juice substituted medium. Each value is the son with SNK test)
bioethanol concentration. The concentration of bioetha- Characterization of Bioethanol

nol was determined by HPLC analysis; here the bioeth-

anol from the supernatant sample showed a steep peak  Characterization by FT-IR Analysis

with the retention time of 5.50 min, and percentage areas

of 900,030 pV/sec. The concentration of bioethanol from  The produced bioethanol was characterized by FT-IR

the potent actinobacterium was determined as 82.26%. analysis and its spectrum is represented in Fig. 4.
Totally five functional groups were found in between
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Fig. 4 FT-IR analysis of bioethanol from optimized medium substituted with xylanase pretreated sugarcane juice

the wavenumber of 3272.22-1077.15 cm™'. The alco-
hol groups (O-H and C-O) were found in 3272.67
and 1077.15 cm™' wavenumber respectively with
strong intensity. The remaining functional groups
of —C=C- (alkyne), C=0 (carbonyl) and C=C (aro-
matic) were respectively denoted at 2109.67, 1687.40
and 1450.68 cm™' wavenumber with variable and weak
intensity.

Characterization by GC-MS Analysis

In GC-MS analysis, the chromatogram of bioethanol
expressed 4 fuctional groups found in between the retention
time of 2.60 to 24.38 min (Fig. 5). The ethanol or alcohol
content was seen in the chromatogram with retention time
of 2.60 min. Remaining respective peaks were denoted as
acetic acid/benzoic acid (14.67 min), methyl-2-pentene
(23.20 min) and propionic acid (24.38 min).

Kinetic Parameters

The kinetic parameters of the bioethanol production from
S. variabilis (MAB3) were analyzed (Fig. 6). The u,,,, and
K, values of the bioethanol production were recorded as
0.527 h™! and 180.0 g/L respectively.

Discussion

Actinobacteria are indeed well adapted and are functional
members of the aquatic, soil and marine sediment micro-
bial communities [34]. Actinobacteria are constantly
hold a special significance in the research area during
the last five decades and used as a tool by fermentation
biotechnologists for the production of value added prod-
ucts [35]. The present study was held for saccharifica-
tion, followed by the production of value added product
like bioethanol from xylanase pretreated agro-residues
by using a potent actinobacterium Streptomyces variabi-
lis (MAB3), isolated from rhizosphere sediment samples
of Manakudy estuary, South west coast of India. Initially
14 actinobacterial strains were enumerated from the sedi-
ment samples, which were screened for saccharification
and bioethanol production using pretreated various agro-
residues as carbon sources. In an another study, totally,
238 morphologically different marine and terrestrial act-
inobacterial strains from 185 sediments/rhizosphere soil
samples of different sites of Manakudy estuary, South-
west coastal regions and Yercaud hills of Eastern Ghats
of Tamilnadu, India, were isolated by Nithya et al. [36].
They also reported that 88 strains, out of 238 isolates
showed cellulase as well as xylanase activity converting
lignocelluloses into simple sugars. Similarly, Remya and
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Fig. 5 GC-MS analysis of bioethanol from optimized medium substituted with xylanase pretreated sugarcane juice

Fig. 6 Lineweaver Burk plot of
bioethanol production from S.
variabilis (MAB3)
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o
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R2=0.964

Vijayakumar [37] enumerated 173 actinobacterial colo-
nies from sediment samples collected near shore marine
environment and mangrove ecosystem at eight different
locations of Kerala, West coast of India for the produc-
tion of value added products.

In an another study, Latif and Rajoka [38] examined
the actinobacteria (62 isolates) from rhizosphere soil sam-
ples from Serdang and Bangi, which have the ability to
degrade cellulose, mannan and xylan with the production
of bioethanol. Likewise, in the present investigation all the

@ Springer

1/[S]

14 actinobacterial strains were screened for bioethanol pro-
duction, simultaneously by saccharification process using
various agro-residues such as vegetables, banana, mango,
sugarcane bagasse and sugarcane juice pretreated with
xylanase enzyme at different concentrations (50, 100, 200,
300 and 400 IU). Among the 14 strains, only three actino-
bacterial strains showed positive results on saccharification
as well as bioethanol production. From these three positive
strains, only one highly active strain (MAB3) was selected
and further identified up to species level as Streptomyces
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variabilis (MAB3) by using International Streptomyces
Project (ISP) medium with standard procedures as well as
16 S rRNA sequencing method. Many studies have been
carried out, where the actinomycete isolates were identified
as species of Streptomyces based on phenotypic and bio-
chemical properties [39, 40]. The members of Streptomyces
can be distinguished from other spore forming actinomy-
cetes based on morphology and hence morphology plays an
important role in the characterization of Streptomyces spe-
cies [41].

Latif and Rajoka [38] also expressed the production
of ethanol and xylitol from enzyme broth of Cheatomium
thermophile using S. cerevisiae and C. tropicalis by simul-
taneous saccharification (50.0%) and fermentation (SSF)
using pretreated dry corn cobs at 96 h of fermentation.
Clarkin and Clesceri [42] evaluated the enzymatic (50 TU
cellulase) pretreatment of commercial cellulose showed
maximum level of reducing sugar (135.37 mg/day) with
the saccharification yield of 88.19%. In the present inves-
tigation, the degree of saccharification and bioethanol
production through fermentation from pretreated agro-
residues using selected S. variabilis (MAB3) strain was
noted. Among the tested pretreated residues, the sugarcane
juice substituted medium pretreated at 200.0 IU of enzyme
concentration, showed highest level of reducing sugar
(50.19 mg/g), degree of saccharification (59.49%), fol-
lowed by bioethanol production (4.69 g/L). After biocon-
version, the release of non-reducing sugar level from the
sugarcane juice substituted medium with 200.0 IU enzyme
was observed as 10.03 mg/g. Similarly, Zhang et al. [43]
observed the maximum reducing sugar level of 42.86 mg/g
and saccharification yield of 37% (w/w) in pretreated bam-
boo residues by Coriolus versicolor. In an another study,
Bhattacharya et al. [44] portrayed the enzymatic (cellu-
lase and xylanase) hydrolysate of water hyacinth biomass
(WHB) containing reducing sugars such as xylose was
used for ethanol fermentation and the maximum ethanol
yield was obtained as 2.217 g/L, when Pichia stipitis was
used, followed by 2.163 and 1.927 g/L for Candida sheha-
tae and S. cerevisae, respectively. Likewise, Zhu et al. [45]
achieved 37% of reducing sugar from sulfite treated spruce
chips and red pine processed with 8 to 10% bisulphate at
180°C for 30 min.

Kshirsagar et al. [46] studied the maximum level of
reducing sugar (390 mg/g), degree of saccharification
(60.0%) and bioethanol production (17.0 g/L) from xyla-
nase (110 IU) pretreated wheat straw using Amycolatop-
sis sp GDS under fermentation condition. Ali et al. [47]
performed bioethanol production from agricultural cel-
lulosic wastes such as groundnut hull and rice husk using
two strains namely A. niger for saccharification and S. cer-
evisiae for ethanol production, by adopting stationary and
shaking fermentation method. During ethanol production,

the strain S. cerevisiae produced high yield of ethanol from
groundnut hull (6.2 g/100 g) in stationary fermentation
method. Wan and Li [48] examined the 35 days pretreated
corn stover with a fungi Ceriporiopsis subvermispora for
18 days incubation at 28°C with 75% moisture content.
The overall glucose yield of 57.67% and the highest over-
all ethanol yield of 57.80% were obtained. Patel et al. [49]
studied the pretreatment of wheat straw and rice straw
with A. niger and A. awamori, followed by the bioetha-
nol production using S. cereviseae (NCIM 3095) and the
yielded amount of ethanol was observed as 2.5 and 2.2 g/L
respectively. Ahmed et al. [26] performed saccharification
process, followed by bioethanol production from enzy-
matic treated sugarcane bagasse using S. cerevisiae, which
showed the maximum degree of saccharification (42.70%)
in 24 h of incubation and the concentration of ethanol were
observed as 1.15%.

Stalin et al. [50] estimated the biogas production from
enzyme (cellulase and xylanase) pretreated rice straw and
wheat straw wastes using marine actinobacterial strain
Streptomyces caluvligerus at pH 8 and temperature 55 °C.
Belkacemi and Hamoudi [51] reported the cellulolytic
hydrolysis of corn stalk hemi-cellulose at pH 5 and tem-
perature 30°C, expressed with 90% yield of saccharifica-
tion. In accordance with this, in the present study, the sac-
charification and bioethanol production were optimized
for various factors and an overall maximum yield of sac-
charification and bioethanol production were obtained at
a pH 6 (43.50% and 4.38 g/L), temperature 30°C (40.17%
and 2.73 g/L), inoculum size 2.5% (50.82% and 2.83 g/L),
incubation time 72 h (56.17% and 3.47 g/L). 3.0% of dex-
trose (45.72% and 3.14 g/L) and 2% of urea (55.63% and
3.27 g/L)) were determined as best carbon and nitrogen
sources respectively. Likewise Ray [52] studied the maxi-
mum degree of saccharification of pretreated sugarcane
bagasse with (180 IU) endo-xylanase from Streptomyces
sp. OMO09 at pH 6 (22.75%), temperature 60°C (20.77%)
and the incubation time of 30 min (26.02%). Huang et al.
[53] reported the xylanolytic (150.0 IU/g) hydrolysis of
bamboo residue yielded the maximum degree of sacchari-
fication (83.15%) at pH 6, temperature 40°C and 72 h of
incubation. In an another report, Saritha et al. [25] docu-
mented highest saccharification yield (97.8%) from accel-
erase pretreated paddy straw using S. griseorubens at pH 6,
temperature 30 °C, inoculum size 1.5% and 48 h of incuba-
tion time. Ali et al. [47] studied the production of ethanol
from Czapek-Dox (CD) medium containing dry corn cobs
at pH 6, incubation temperature 40 °C and 48 h of fermen-
tation process, that showed the highest bioethanol produc-
tion of 22.48 g/L.

In an another study, Hossain et al. [30] performed
bioethanol production using untreated, lime pretreated
and diluted alkaline peroxide pretreated wheat straw by
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simultaneous saccharification and fermentation (SSF) pro-
cess in a continuous stirred batch bioreactor (CSBR) using
a fungi F. oxysporum. The optimum parameters used for
the bioethanol fermentation were incubation time 48 h, pH
6, temperature 50°C, stirring speed of 35 rpm and wheat
straw 35.0 g/l. Here the maximum yeild of ethanol was
found to be 0.756, 0.796 and 0.810 g/g under optimum con-
ditions for untreated, lime pretreated and diluted alkaline
peroxide pretreated wheat straw, respectively. Christako-
poulos et al. [54] stated that the optimum condition for the
direct conversion of cellulose to ethanol by F. oxysporum is
at the temperature 34 °C, inoculum size of 3.5% and the pH
of 5.5-6.0, respectively. In an another study, the maximum
amount of ethanol (7.50%) was obtained by using S. cer-
evisiae through fermentation process with the fermentation
medium containing 15% of sugar, initial pH of 4.5, tem-
perature of 30 °C, inoculum size 3.5% under the incubation
time of 120 h was stated by Mariam et al. [55].

Sindhu et al. [56] studied the ethanol production using
pretreated rice straw as a carbon source by S. cerevisae,
who also reported the amount of ethanol production (14%)
was calculated through HPLC analysis with a peak at the
time of 2.582 min and the percentage area of 229,635 pV/
sec. In accordance with this, in the present study, after opti-
mization, the concentration of bioethanol was estimated
from the optimized sugarcane juice medium by HPLC
analytical method. Here the bioethanol from the sample
showed steep peak with the retention time of 5.50 min and
the concentration was calculated as 82.26%. In an another
study, 63% (v/w) ethanol yield from rice straw pretreated
by a fugal strain Phanerochaete chrysoporium under sub-
merged cultivation was achieved by Bak et al. [57]. Further
in the present investigation, the ethanol was characterized
using FT-IR analysis and the functional groups O-H and
C-O0 stretch were found respectively at the wavenumber of
3272.22 and 1077.15 cm™'. In GC-MS analysis, the etha-
nol or alcoholic groups were found in the chromatogram
with retention time of 2.60 min. Similarly, Bhalt et al. [58]
studied the ethanol production from the saccharified sugars
of agricultural waste pearl millet bran through solid state
fermentation by A. flavus FPDN1 and the concentration of
resulted ethanol was noted as 88.0% with 3.31 min reten-
tion time. Du et al. [59] portrayed the chromatogram of
GC-MS (RT) analysis of ethanol from Tuber formosanum.
The functional ethanol groups were noted at the retention
time of 2.58 min with the peak area of 7.84%. The kinetic
parameters of the study were analyzed and the u,,, and
K, values of the bioethanol production were recorded as
0.527 h™' and 180.0 g/L respectively. Similarly, Ahmad
et al. [60] reported the kinetic parameters (u,,,,, and K,) of
the ethanol production from S. cerevisiae were exhibited as
0.084 h™! and 213.6 g/L respectively. In an another study,
Shafaghat et al. [61] studied the kinetic parameters such as
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Hare (2.0 h™!) and K, (30.5 g/L) of bioethanol production
using sugarcane syrup as substrate. Imamoglu and Sukan
[62] performed the kinetic modeling for bioethanol produc-
tion using recombinant E. coli KO11 and the parameters
were exhibited as u,,, = 0.57 h™' and K, = 13.60 g/L.
From this study, it could be concluded that the isolated
actinobacterial strain S.variabilis (MAB3) from rhizos-
phere sediment soil samples of Manakudy estuary actively
saccharified various pretreated agro-residues, followed by
the production of bioethanol. The isolated potent S. vari-
abilis (MAB3) exhibited maximum degree of saccharifi-
cation (59.49%) and bioethanol production (4.69 g/L) by
utilising pretreated sugarcane juice medium with 200 IU
enzyme. Further they were optimized by various factors.
The highest saccharification yield and bioethanol produc-
tion were attained in 200 IU treated optimized sugarcane
juice medium at pH 6 (43.50% and 4.38 g/L), temperature
30°C (40.17% and 2.73 g/L), incubation time 72 h (56.17%
and 3.47 g/L) and the medium substituted with 3% dextrose
(45.72% and 3.14 g/L) and 2% urea (55.63% and 3.27 g/L)
respectively as carbon and nitrogen sources with the
innoculum concentration of 2.5% (50.82% and 2.83 g/L).
After bioconversion, the maximum level of reducing sugar
(50.19 mg/g) was observed in 200 IU xylanase pretreated
sugarcane juice medium with the level of non-reducing
sugar of 10.03 mg/g respectively compared with untreated
medium (reducing sugar level: 43.02 mg/g and non-reduc-
ing sugar level: 17.20 mg/g). The concentration of pro-
duced bioethanol was estimated using HPLC analysis, pre-
dicted as 82.26% with the retention time of 5.50 min, and
the percentage area of 900,030 pV/sec. Finally, the pro-
duced bioethanol was characterized by FT-IR and GC-MS
analysis. It expressed the ethanol functional groups were
found in the absorption range of 3272.22 cm™! with the
retention time of 2.60 min. Hence, the investigation of this
research indicates that the experimental approach has not
been declared so far for enhancing the actinobacterium
Streptomyces variabilis (MAB3) for bioethanol production.
These bioethanol study can be renewable and potentially
displace hydrocarbon liquid fuels in future. Ultimately, this
study was the first report for production and optimization of
bioethanol from agro-residues using S. variabilis (MAB3).
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