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Abstract

A greatest challenge for society in the 21% century is to meet energy demand, where biomass is subjected for pre-treatment and converted into
biofuel (alcohol). Aquatic weeds are potential bio resources which are easily available for biofuel production. Aquatic weeds like Alternanthera
sessilis, Typha latifolia, Eichhornia crassipes, Baccopa monnieri, Ipomoea aquatica and Pistia stratiotes are estimated for carbohydrates
content. Highest content of reducing sugar was observed in Alternanthera sessilis (296.8ug/ml), total sugar in Ipomoea aquatic (880.00mg/ml),
starch in Alternanthera sessilis (57.13mg/ml), cellulose in Pistia stratiotes and Typha latifolia (280.00mg/ml), hemicellulose in Typha latifolia
(26.85mg/ml); high cellulosic aquatic weeds were subjected to pre-treatment methods like physical, chemical and enzymatic method.

Meanwhile different yeast strains from the fruits of Manilkara zapota, Cucumis melo, Musa paradisiaca, Citrullus lanatus, Punica granatum
and Ananas comosus were isolated yeast of Citrullus lanatus shows highest amount of alcohol production (307ug/ml), which is inoculated to
pre-treated hydrolysate, where Alternanthera sessilis and Typha latifolia shows high amount of alcohol in physical method (160.5 and
115.4ug/ml). In chemical method in acid hydrolysis it shows 387.1 and 69.63ug/ml and in alkali hydrolysis 62 and 170ug/ml, so these two
weeds were taken for enzymatic method for alcohol production, on seventh day Alternanthera sessilis shows highest alcohol production
(113.33pg/ml), hence among six weeds Alternanthera sessilis and the yeast of Citrullus lanatus produces more amount of alcohol than others
and it also shows that enzymatic method of pre-treatment is best in hydrolysis of biomass than physical and chemical method. The study
revealed the possibility of producing alcohol from locally available fruits using simple, cheap and adaptable technology with biochemically
characterized yeast strains.

Keywords: bioethanol; aquatic weeds; yeast; hydrolysis.

Introduction it is renewable and emits 85% less green-house gases
Energy consumption has increased steadily over the last compared to gasoline (Mete et al., 2002).

century as the world population has grown and more Recently, more research has focused on using non-edible
countries have become industrialized (Hug and Rojas, biomass as raw materials including lignocelluloses,
2008). Global depletion of energy supply due to the celluloses and marine algae rather than first generation
unsustainable consumption and associated environmental biomass such as starch and sugar biomass (Lewandowski et
problems of fossil fuel utilization have prompted research al., 2003). Conversion of biomass to bio fuel can be
on alternative energy sources (Bentley, 2002) and an achieved by thermal, chemical and biochemical methods, it
increasing concern for security of oil supply has been can be converted to usable forms of energy like methane gas
evidenced by increasing oil prices (Hahn-Hagerdal et al., or transportation fuels like ethanol provided 2.7 - 3% of
2006). So new sources of alternative energy are being world’s transport fuel (Turcotte and Schubert, 2002).
developed which includes solar, wind, geothermal, nuclear, Recent trends favour the integration of at least three key
biomass and other forms of renewable energy (Alexander, steps pre-treatment, hydrolysis and fermentation to both
2009). Bio energy is renewable energy and is produced by improve bio ethanol yields and productivities and to lower
using various biological organisms which is expected to capital and operating costs (Girio et al., 2011). Besides
solve global warming problem by decreasing carbon terrestrial plants, aquatic plants are also promising
dioxide levels in atmosphere (Mc Kendry, 2009). One of renewable resource, they have many advantages as they
innovative approaches is conversion of biomass into fuel grow in water bodies without competing with arable lands
ethanol is being considered as a potential liquid fuel, it is for grains and vegetables and no data on bio ethanol
one of the most promising replacements for fossil fuel since production from aquatic plants are available except for

Eichhornia crassipes (Ashish Kumar et al., 2009).
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The aquatic weeds are fast growing, widely distributed
tropical plants cause infestations over large areas of water
causing considerable socioeconomic problems affect
biodiversity as well as water quality and have become a
source of concerns to ecologists and fishermen, the biomass
in aquatic plants was proven to be suitable for bio-ethanol
production, in general it is considered to be rich in
hemicellulose and with very less lignin content (Aswathy et
al., 2009). More recently, attention has been focused on
potentials and constrains of using these biomass for variety
of applications, the low cellulose and hemicellulose could
be easily converted to fermentable sugars resulting
enormous amount of utilizable biomass for biofuel industry
(Masami et al., 2008).

The aim of this paper therefore is to assess the sugar content
and evaluate the bioethanol potentials of aquatic weeds like
Alternanthera sessilis, Typha latifolia, Eichhornia
crassipes, Baccopa monnieri, Ipomoea aquatica and Pistia
stratiotes in different pre-treatment methods and yeast
strains.

Materials and Methods

Collection of Biomass

In the present investigation different aquatic weeds like
Alternanthera sessilis, Typha latifolia, Pistia stratiotes,
Baccopa monnieri, Ipomoea aquatica and Eichhornia
crassipes were selected for bioethanol production, which
are collected from Yelahanka and Batrahalli lakes of
Bengaluru, Karnataka. In laboratory weeds are chapped one
kg of wet weight sample was dried and powdered to find
water content, followed by other laboratory studies, all
experiments were conducted in triplicates.

Isolation of Yeast

Yeast strains were isolated from the fruits of Manilkara
zapota, Cucumis melo, Musa paradisiaca, Citrullus lanatus,
Punica granatum and Ananas comosus, for comparative
studies pure cultures of Pichia jadini (MTCC-185) and
Saccharomyces cerevisiae (MTCC-170) were procured
from MTTC. Pure cultures were obtained by quadrant
streaking method on YEPDA medium and grown on
YEPDA broth and glycerol stocks were made for further
studies (Obire et al., 2008) and further tested for their
alcohol production.

The dried powdered samples were estimated for following
carbohydrate contents.

Estimation of Reducing Sugar
Reducing sugar was estimated by DNS method (Miller,
1972)

Estimation of Total Sugar
Total sugar was estimated by phenol-H,SO, method
(Dubois et al., 1956)

Estimation of Starch
Starch estimation was performed by anthrone method
(Hodge and Hofreiter, 1962)

Estimation of Cellulose
Cellulose was estimated following the protocol of
Updegroff, (1969)

Estimation of Hemicellulose
Hemicellulose was estimated by Neutral detergent fibre and
Acid detergent fibre (Goering and Vansoest, 1975)

Estimation of Alcohol
Alcohol was estimated by potassium dichromate method
(Caputi et al., 1968)

Pre-treatment methods

Collected six aquatic weeds were dried at 45° C in a hot air
oven, powdered in a grinder (dry milling) and sieved to
obtain fine particle, subjected for three pre-treatment
methods like Physical method, Chemical methods (Acid
and alkali Hydrolysis) and Enzymatic hydrolysis for
saccharification of substrate (Sun and Cheng 2002).

Fermentation
Pre-treated samples were subjected for fermentation by the
protocol of Sun and Cheng (2002).

Statistical Analysis

Statistical values were calculated using statistical software
(SPSS). Values are the means + SD of three replicates each.
Data were subjected to analysis of variance and compared
for significance according to DMRT (P<0.05).

Results and Discussion

Collection of Biomass

The dry weight of Alternanthera sessilis, Typha latifolia,
Pistia stratiotes, Baccopa monneiri, I[pomoea aquatic and
Eichhornia crassipes was 274, 147,150,164, 148 and 183
grams/kg respectively, where the results are supported with
Randive et al., 2015.

Isolation of Yeast

Isolated yeast strains were inoculated in 20% YEPD broth,
after 7 days of incubation, the amount of alcohol was
estimated, It was found that yeast isolated from Citrullus
lanatus yields highest amount of alcohol (307pg/ml)
followed by the yeast of Ananas comosus (175ug/ml), Musa
paradisiacal (80ug/ml), Punica granatum (4pg/ml),
Cucumis melo (2pg/ml) and Manilkara zapota (0.14 pg/ml)
respectively. Simillarly Rao et al., 2008 isolated a total of
374 yeasts strains from a variety of rotten fruits and barks
of trees, out of these, 27 yeast strains were able to assimilate
xylose and produce ethanol. Maragatham and
Panneerselvam, (2011) isolated 64 yeast strains and
identified from seven varieties of rotten papaya, later the
ability of different yeast strain to produce ethanol was
investigated such as Saccharomyces cerevisiae, S. bayanus,
S. uvarum, S. italicus, S. pasteurianus, Schizo
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saccharomyces pombe and Zygo saccharomyces, their
ability for wine production was tested by using sugar and
ethanol tolerance tests. The best biochemically active strain
is S. cerevisiae to produce wine. After fermentation for one
month the highest (11.59%) alcohol concentration with
corresponding residual sugar concentration of (1.87) were
produced.

The estimated carbohydrate contents shows following
results

Reducing Sugar

Alternanthera sessilis showed highest concentration of
reducing sugar (296.80mg/ml) followed by Ipomoea
aquatic (224.00mg/ml), Pistia stratiotes (168.00mg/ml),
Baccopa monnieri  (89.6mg/ml), Typha latifolia
(72.80mg/ml) and Eichhornia crassipes (50.40mg/ml)
(Table 1), where similar observations were made by
Ganguly et al., 2013.

Total Sugar

Highest total sugar was observed in Ipomoea aquatica
(880.00mg/ml) followed by Eichhornia crassipes and Pistia
stratiotes ~ (680.00mg/ml),  Alternanthera  sessilis
(7.80mg/ml), Typha latifolia (1.27mg/ml) and Baccopa
monnieri (1.25mg/ml) (Table 1), where similar studies were
made by Shweta and Nirali, 2015.

Starch

In Alternanthera sessilis the amount of starch was
(57.13mg/ml), followed by Typha latifolia-(21.60mg/ml),
Eichhornia crassipes (18.71mg/ml), Pistia stratiotes
(16.00mg/ml), Ipomea aquatic (7.39mg/ml) and Baccopa
monnieri (0.73mg/ml) (Table 1), where similar observation
were also made by Maripi, et al., 2014 which supports the
results.

Table 1: Carbohydrates content in aquatic weeds (mg/ml)

Cellulose

In Pistia stratiotes and Typha latifolia the amount of
cellulose was (280.00mg/ml), followed by Alternanthera
sessilis (260.00mg/ml), Baccopa monnieri (140.00mg/ml),
Eichhornia crassipes (100.00mg/ml) and Ipomea aquatic
(80.00mg/ml) (Table 1). In accordance with these studies,
water-hyacinth cellulose acid hydrolysate has been utilized
as a substrate for ethanol production using Pichia stipitis
(Nigam, 2002).

Hemicellulose

Total amount of hemicellulose in Typha latifolia was
(26.85mg/ml), followed by Pistia stratiotes (15.70mg/ml),
Alternanthera sessilis (15.35mg/ml), Baccopa monnieri
(8.70mg/ml), Eichhornia crassipes (7.55 mg/ml) and
Ipomea aquatica (1.59mg/ml) (Table.1l), similar
observations were reported by Van Zyl et al., 1991 and
Amartey and Jeffries (1996), during neutralization of sugar
cane bagasse and corn cob.

Pre-Treatment Methods

In this method Typha latifolia, Pistia stratiotes and
Alternanthera sessilis samples shows good amount of
cellulose and hemi cellulose along with reducing sugar and
total sugar, hence these samples were subjected to several
pre-treatment methods for hydrolysis of cellulose and
hemicelluloses for bioethanol production. The production
of fuel ethanol from biomass involves prehydrolysis,
fermentation and distillation. The hydrolysate resulting
after prehydrolysis and hydrolysis, contain varying amounts
of monosaccharides, both pentoses and hexoses and broad
range of substances either derived from raw material or
resulting as reaction products from sugar and lignin
degradation. Many of these substances may have an
inhibitory effect on microorganisms in subsequent
fermentation steps (Van Zyl et al., 1991).

S.N. | Plant name Reducing sugar Total sugar Starch | Cellulose Hemi cellulose (%0)
1 Alternanthera sessilis 296.80 007.80 57.13 260.00 15.35
2 Ipomoea aquatica 224.00 880.00 07.39 80.00 01.59
3 Pistia stratiotes 168.00 680.00 16.00 280.00 15.70
4 .Baccopa monnieri 089.60 001.25 00.73 140.00 08.70
5 Typha latifolia 072.80 001.27 21.60 280.00 26.85
6 Eichhornia crassipes 050.40 680.00 18.71 100.00 07.55

Values are the means of three replicates data are subjected to analysis of varians and compared for significance according to DMRT (p<0.05)
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Physical Method
In this method Pistia stratiotes was found to have more
amount of alcohol (205.9ug/ml), than Alternanthera sessilis

hydrolysis of cellulose in lignocellulosic biomass to
produce reducing sugars and fermentation of sugars to
ethanol, similar observation made by Singh and Trivedi

(160.5pg/ml) and Typha latifolia (115.4pg/ml) (Fig. 1). (2013) also.
similar to the present studies Sun and Cheng (2002) in their 500 -
experiments reduce the substrate to 0.2-2mm size by milling £ 450 -
and grinding for improving the digestibility of biomass. g 400 -
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% 0 ‘ ‘ ‘ Fig. 2: Alcohol present in different samples (Chemical
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— 300 A
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. . . . 8 250 -
Fig. 1: Alcohol present in different samples (Physical =
method). © =200 -
=%
Chemical Methods & 2150 -
IS
Acid Hydrolysis 8 100 -
In this method H,Sos is used, among three samples 3 50 -
Alternanthera sessilis shows 387.1 pg /ml of alcohol
followed by Typha latifolia (69.63 pg /ml) and Pistia 0 o . ‘ ]
. . . Al h P Typha latifol
stratiotes (32.14 pg /ml) (Fig. 2). According to Ayodele et ti:)nszﬂtisera Istia stratiotes  Typha latifolia
al., (2015) water hycianth yield a maximum value of

between 40 to 100% of fermentable sugars after hydrolysis,
there was significant difference in sugar yield, the highest
in hydrolysed with 3% KOH (567.11+/ 10.83mg/g) and
lowest hydrolysed with 3% w/v oxalic acid (66.43+/-
0.00mg/qg). Both water hyacinth and sugar cane leaves could
be used as alternative sources of bioethanol especially water
hyacinth, this would create a panacea to the problem that
water hyacinth constitutes in water ways and also create
wealth and reduce demand on sugarcane, maize and other
staple food used as sources of bioethanol, similar
observations are also made by Singh and Trivedi (2013).
According to Li et al., 2010 dilute acid hydrolysis and
dissolution in an ionic liquid, are compared in terms of
delignification, saccharification efficiency and saccharide
yields with switch grass serving as a model bioenergy crop.

Alkali Hydrolysis

In this method NaOH is used, Pistia stratiotes was found to
be high amount of alcohol (223.5 ug /ml) followed by
Typha latifolia (170 pg /ml) and Alternanthera sessilis (62
pg /ml) (Fig. 3). According to Sun and Cheng (2002)
lignocellulosic biomass can be utilized to produce ethanol a
promising alternative energy source for limited crude oil.
There are mainly two processes involved in conversion:

Fig. 3: Alcohol present in different samples (Chemical
method - alkali hydrolysis).

Enzymatic Hydrolysis

In this method Cellulomonas fumi is used, samples were
estimated for reducing and total sugar on first, seventh and
fourteenth day, on fourteenth day results shows that, the
reducing sugar was (343.33 and 677.3 pg /ml) in
Alternanthera sessilis and in Typha latifolia it was (134 and
179.66 pg /ml) with and without autoclave respectively
(Fig. 4). The total sugar was (191.16 and 181.33ug /ml) in
Alternanthera sessilis and in Typha latifolia it was (38.6 and
97ug /ml) with and without autoclave respectively (Fig. 5),
enzymatic hydrolysis of corncob and ethanol fermentation
from cellulosic hydrolysate were investigated by Chen et
al., 2007 after corncob was pretreated by 1% H,So4 at 108°
C for 3 h, cellulosic residue was hydrolyzed by cellulase
from Trichoderma reesei and the hydrolysis yield was
67.5%. Poor cellobiase activity in T. reesei cellulase
restricted the conversion of cellobiose to glucose, further
fermentation of cellulosic hydrolysate containing 95.3 gl
glucose was performed using Saccharomyces cerevisiae
316 and 45.7 gl ethanol was obtained within 18h, the
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research results are meaningful in fuel ethanol production
from agricultural residue instead of grain starch.

_ 800 -
[+
2
=) 600
£
S
8 = 400
- E
S
5= 200
<
3 0
S 1 7 14
O
Number of days

Fig. 4. Reducing sugar on different days after enzymatic
hydrolysis.

Citrullus lanatus has highest alcohol production capacity
and in different pre-treatment methods enzymatic method is
the best method for alcohol production, hence
Alternanthera sessilis, yeast of Citrullus lanatus and
enzymatic method pre-treatment are more suitable for more
bioethanol production.

Concentration of total sugar
(Hg/ml)

1 7 14

Number of days

160 -
S 140 -
=

8 120 -
gc 100 -
gg 80 -
)]
g2
= 40 -
3
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o
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Alternanthera Alternanthera Typha latifolia Typha latifolia

sessilis sessilis (With out (Autoclave)
(Without (Autoclave) autoclave)
autoclave)

Fig. 5: Total sugar on different days after enzymatic
hydrolysis.

Ethanol Produced after Fermentation (7" Day)

Enzymatically hydrolysed sample inoculated with high
amount of alcohol producing isolated yeast strain of
Citrullus lanatus. After 7" day alcohol produced was
estimated by potassium dichromate method. The results
shows that Alternanthera sessilis produced highest ethanol
(103.66 and 113.33 pg /ml) in with and without autoclave
respectively. The result shows that there is no significant
difference between ethanol yield by Alternanthera sessilis
and Typha latifolia (Fig. 6), similarly according to
Narayanan et al., 2013, in saccharification stage pretreated
water hyacinth was added to the growth media and
inoculated with saccharification micro-organisms
Trichoderma reesei and Aspergillus niger, the optimum
saccharification period for both micro-organisms was found
to be 72 hours. On testing, it was found that both organisms
were capable of producing glucose, with Trichoderma
reesei (275 pg/ml) giving a better yield than Aspergillus
niger (175 pg/ml). Among six aquatic weeds Alternanthera
sessilis has highest amount of cellulose which leads high
bioethanol yield, among six isolated yeast strains yeast of

Fig. 6: Amount of alcohol produced on seventh day after
enzymatic hydrolysis.

Acknowledgment
Authors are thankful to Bangalore University for providing
infrastructure facility.

Reference

Alexander D (2009) enzymatic hydrolysis of cellulosic biomass
for the production of second generation biofuels. Project
Report Worcester Polytechnic Institute. 9-12.

Amartey S and Jeffries TW (1996) An improvement in Pichia
stipitis fermentation of acid hemicellulose achieved by
overliming (calcium hydroxide treatment) and strain
adaptation. World J. Microbiol. Biotechnol. 12: 281-283.
DOI: 10.1007/BF00360928

Ashish Kumar A, Singh LK and Sanjoy Ghosh B (2009)
Bioconversion of lignocellulosic fraction of water-
hyacinth (Eichhornia crassipes) hemicellulose acid
hydrolysate to ethanol by Pichia stipitis. Bioresource
technology. 100: 3293-3297. DOI:
10.1016/j.biortech.2009.02.023

Aswathy US, Rajeev K, Sukumaran G, Lalitha Devi, Raja
Reetashree Rani Singhania and Ashok Pandey, (2009)
Bioethanol from water hyacinth biomass; An evaluation of
enzymatic  saccharification  strategy.  Bioresources
Technology. 101: 925-930. DOI:
10.1016/j.biortech.2009.08.019

Ayodele OD, Oseni SR and Uthman OY (2015) Bioethanol
potential of water hyacinth and sugar cane leaves:
Estimation of the total reducing sugar yield. J. Biol. Chem.
Research. 32: 331-338.

Bentley RW (2002) Global oil and gas depletion: An Overview.
Energy Policy. 30: 189-205. DOI: 10.1016/S0301-
4215(01)00144-6

This paper can be downloaded online at http://ijasbt.org & http://nepjol.info/index.php/IJASBT 45(



http://ijasbt.org/
http://nepjol.info/index.php/IJASBT
http://dx.doi.org/10.1007/BF00360928
http://dx.doi.org/10.1016/j.biortech.2009.02.023
http://dx.doi.org/10.1016/j.biortech.2009.08.019
http://dx.doi.org/10.1016/S0301-4215(01)00144-6
http://dx.doi.org/10.1016/S0301-4215(01)00144-6
Pavilion
Typewritten Text
450


K.R. Sunil et al. (2015) Int J Appl Sci Biotechnol, Vol 3(3): 446-451

Caputi AJ, Veda M and Brown T (1968) Spectrometric
determination of ethanol of wine. American journal of
Enology and viticulture. 19pp.

Chen M, Xia L and Xue P (2007) Enzymatic hydrolysis of corncob
and ethanol production from cellulosic hydrolysate.
International Biodeterioration and Biodegradation. 59:
85-89. DOI: 10.1016/j.ibiod.2006.07.011

Dubois M, Gilles KA, Hamilton JK, Robers PA and Smith F
(1956) Colorimetric method for determination of sugars
and related substances. Analytical Chemistry. 26: 350-
356. DOI: 10.1021/ac60111a017

FM Girio C, Fonseca F, Carvalheiro LC, Duarte S and Marques R
(2011) Hemicelluloses for fuel ethanol. Bioresource
Technology. 101: 4775-4800. DOl:
10.1016/j.biortech.2010.01.088

Ganguly A, Das S, Bhattacharya A, Dey A and Chatterjee PK
(2013) Enzymatic hydrolysis of water hyacinth of biomass
for the production of ethanol optimation of driving
parameters. Indian Journal of Experiment Biology. 51:
556-566.

Goering HD and Vansoest PJ (1975) Forage Fibre Analysis US
Dept. of Agriculture. Agricultural Research Service.
Washington. 8-9.

Hahn-Hagerdal B, Galbe M, Gorwa-Grauslund MF, Liden G and
Zacchi G (2006) Bio-ethanol — The fuel of tomorrow from
the residues of today. Trends in Biotechnology. 24: 549-
556. DOI: 10.1016/j.tibtech.2006.10.004

Hodge JE and Hofreiter BT (1962) Determination of Reducing
Sugars and Carbohydrates. In: Whistler RI, Wolfrom JI,
Eds. Methods in Carbohydrates Chemistry. Vol 1.
Academic Press, New York. PP 380-394.

Hug H and Rojas JA (2008) Feedstock pretreatment strategies for
producing ethanol from wood bark and forest residues. Bio
Resources. 3: 270-294.

Lewandowski I, Scurlock JMO, Lindvall E and Christou M (2003)
The development and current status of perennial
rhizomatous grasses as energy crops in the US and Europe.
Biomass and Bioenergy. 25: 335-361. DOIL:
10.1016/S0961-9534(03)00030-8

Li C, Knierim B, Manisseri C, Arora R, Scheller HV, Auer M. and
Singh S. (2010) Comparison of dilute acid and ionic liquid
pretreatment of switchgrass: Biomass recalcitrance,
delignification ~ and  enzymatic  saccharification.
Bioresource Technology. 101: 4900-4906. DOI:
10.1016/j.biortech.2009.10.066

Maragatham C and Panneerselvam A (2011) Isolation,
identification and characterization of wine yeast from
rotten papaya fruits for wine production. Advances in
Applied Science Research. 2: 93-98.

Maripi AN, Marella Reddy JB and Madireddy S (2014) Production
of bio-ethanol from aquatic weeds. International journal
of chemical & petrochemical technology. 4: 1-18.

Masami GO, Usui | and Urano N (2008) Ethanol production from
the water hyacinth (Eichhornia crassipes) by yeast
isolated from various hydrospheres. African J. Microbio
Res. 2:110-113.

McKendry P (2009) Energy production from biomass (Part 1):
Overview of biomass. Bioresource Technology. 83: 37—
46. DOI: 10.1016/S0960-8524(01)00118-3

Mete AM, Ulgen KO, Kirdar B, Ilsen OZ and Oliver SG (2002)
Improvement of ethanol production from starch by
recombinant yeast through manipulation of environmental
factors. Microb. Technol. 13: 82-86.

Miller GL (1972) Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Analytical Chemistry. 31:
426-428. DOI: 10.1021/ac60147a030

Narayanan RH, Varma Sathvik,V. Kamala K, Shivashankar BJ
and Patil JH (2013) Determination of optimum period of
saccharification of water hyacinth using Trichoderma
reesei and Aspergilus niger. Res. J. Chem. Sci. 3: 49-52.

Nigam JN (2002) Bioconversion of water-hyacinth (Eichhornia
crassipes) hemicellulose acid hydrolysate to motor fuel
ethanol by xylose—fermenting yeast. Journal of
Biotechnology. 97: 107-116. DOI: 10.1016/S0168-
1656(02)00013-5

Obire O, Ramesh RP, Dick AA and Okigho RN (2008)
Biotechnology influence for the production of ethyl
alcohol (ethanol) from waste fruits. E-Journal of Science
& Technology. 3: 17-32.

Randive V, Belhekar S, Paigude S, Zunjarrao R, Mujumdar S,
Kothawade M ... and Pawar K (2015) Production of
bioethanol from Eichhornia crassipes (Water Hyacinth).
Int.J.Curr.Microbiol. App.Sci. 2: 399-406.

Rao RS, Bhadra B and Shivaji S (2008) Isolation and
characterization of ethanol-producing yeasts from fruits
and tree barks. Letters in Applied Microbiology. 47: 19—
24.DOI: 10.1111/j.1472-765X.2008.02380.x

Shweta I. Patel and Nirali G. Patel (2015) Production of bioethanol
using water hyacinth, an aquatic weed, as a substrate.
Journal of Environmental and Social Sciences. 2:1-5.

Singh DP and Trivedi RK (2013) Acid and alkaline pretreatment
of lignocellulosic biomass to produce ethanol as biofuel.
Int. J. Chem. Tech. Res. 5:727-734.

Sun 'Y and Cheng J (2002) Hydrolysis of lignocellulosic materials
for ethanol production: a review. Bioresource Technology.
83: 1-11. DOI: 10.1016/S0960-8524(01)00212-7

Tureotte DL and Schubert G (2002) “‘4’’, Geodynamics (2ed),
Cambridge, England, UK; Cambridge university press.
136-137. DOI: 10.1016/S0003-2697(69)80009-6

Updegraff DM (1969) Semi micro determination of cellulose in
biological materials. Anal Biochem. 32: 420-424.

Van Zy C, Prior BA and Du Preez JC (1991) Acetic acid inhibition
of D-xylose fermentation by Pichia stipitis. Enzyme and
Microbial Technology. 13:82-86. DOI: 10.1016/0141-
0229(91)90193-E

This paper can be downloaded online at http://ijasbt.org & http://nepjol.info/index.php/IJASBT 451



http://ijasbt.org/
http://nepjol.info/index.php/IJASBT
http://dx.doi.org/10.1016/j.ibiod.2006.07.011
http://dx.doi.org/10.1021/ac60111a017
http://dx.doi.org/10.1016/j.biortech.2010.01.088
http://dx.doi.org/10.1016/j.tibtech.2006.10.004
http://dx.doi.org/10.1016/S0961-9534(03)00030-8
http://dx.doi.org/10.1016/j.biortech.2009.10.066
http://dx.doi.org/10.1016/S0960-8524(01)00118-3
http://dx.doi.org/10.1021/ac60147a030
http://dx.doi.org/10.1016/S0168-1656(02)00013-5
http://dx.doi.org/10.1016/S0168-1656(02)00013-5
http://dx.doi.org/10.1111/j.1472-765X.2008.02380.x
http://dx.doi.org/10.1016/S0960-8524(01)00212-7
http://dx.doi.org/10.1016/S0003-2697(69)80009-6
http://dx.doi.org/10.1016/0141-0229(91)90193-E
http://dx.doi.org/10.1016/0141-0229(91)90193-E
Pavilion
Typewritten Text
451




