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Production of bioethanol from corn straw by cellulolytic yeasts immobilized on Mucuna urens was inves-
tigated. Yeast isolates were screened for amylase, cellulase and ethanol production. Effect of bead size,
inoculum load, substrate concentration, pH and bead reusability were studied. Bioethanol production
was optimum with 4 mm bead size, 10% substrate concentration, pH 4.5 and 10% inoculum load.
Maximum ethanol production (55.27 g/L) was achieved by immobilized Saccharomyces diaststicus.
Immobilized yeast cells were re-used repeatedly without obvious loss of activity. This study showed that
yeasts immobilized on Mucuna urens can effectively utilize lignocellulolytic materials and produce etha-
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1. Introduction

Bioethanol production is receiving attention as an alternative
source of energy due to the predictable exhaustion of fuel energy
supply (Ariyajaroenwong et al., 2012). Bioethanol is commercially
produced on a moderate scale from sugar cane, wheat, corn and
other starchy biomass sources (Brooks, 2008). However, this first
generation bio-ethanol has been blamed for causing food insecu-
rity. Therefore, attention is being shifted from edible to inedible
biomass or lignocellulosic biomass for sustainable ethanol produc-
tion (Wakil et al., 2013).

Microbial diversity from various habitats such as soil, river
water, hypersaline lakes, and insects offers vast opportunities for
exploration, as these habitats are the source of useful biomolecules
which include enzymes, fatty acids, antibiotics, etc. (Butinar et al.
2005). The development of biotechnology has raised much interest
in using cellulase producing microorganisms to convert lignocellulosic
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biomass from agro-industrial wastes to glucose that can be used in
applications such as production of bioethanol (Amita et al., 2006).
Lignocelluloses are major components of biomasses which
come from different industries, forestry, agriculture and munici-
palities. The biodegradation of this lignocellulosic biomass is lim-
ited by several factors like crystallinity of cellulose, available
surface area, and lignin content (Valcheva et al., 2016). Among
these lignocellulosic biomasses, agricultural wastes are more
important as this can be converted into products that are of com-
mercial interest such as ethanol, glucose, and single cell protein.
Industrial production of ethanol from lignocellulosisic hydroly-
sates requires the use of microorganisms capable of utilizing the
different types of sugar present in it (Balat, 2007; Bettiga et al.,
2009). Yeasts have higher ethanol tolerance than bacteria. It is
easier to harvest and recycle yeast cells than bacteria cells from
the fermentation broth and yeast fermentation is resistant to con-
taminant from bacteria and viruses. Many yeasts are known to be
potential source of extracellular enzymes to produce ethanol and
they are Pichia stipitis, Candida shehatae, Candida tropicalis and
Pachysolan tannophilus (Saravanakumar et al., 2013), P. salicaria
(Kathiresan and Saravanakumar, 2011). These yeasts possess
enzymes such as xylose reductase (XR), xylitol dehydrogenase
(XDH) and xylulokinase (XK) for direct bioconversion of lignocellu-
losic materials to ethanol (Khan and Dwivedi, 2013).
Immobilization in biotechnology is the technique used for the
physical or chemical fixation of cells, enzymes, or other proteins
onto a solid support (Ahmed et al., 2008). Use of natural support
materials for cross-linking of cell has added another dimension
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to a variety of immobilization matrices (Osho et al., 2014). The
advantages from such bio-structures are reusability, freedom from
toxicity, mechanical strength for necessary support and open
spaces within the matrix for growing of cells (Akhtar et al.,
2004). Some of natural support matrices reported so far includes
Irvingia gabonensis, Detarium microcarpum (Kareem et al., 2014)
and Vegetable Sponge (Osho et al., 2014). Mucuna urens is a native
West Africa tree which belongs to the genus Mucuna, in the family
Fabaceae. Common name of the fruit is ukpo. It is an important tree
species in Africa as it bears nuts which are used as thickening
agents for dishes such as ogbono soup due to their high content
of mucilage (Umoren et al., 2007). It has been observed that
Mucuna urens seed flour would be very effective in many industrial
food applications because of its stability, gelling, ticking and stor-
age property (Fathima et al., 2010).

Many methods namely entrapment, encapsulation, cross-
linking and adsorption method are used for immobilization.
Adsorption, entrapment and encapsulation had been extensively
studied in cell immobilization (Martins et al., 2013). Although
these methods are effective for cell immobilization, they have
some disadvantages such as high rate of cell leakage, diffusion lim-
itation, high cost of immobilization and low cell loading. Cross-
linking method is effective and durable to cells and enzymes, it is
cost effective, cheap and effective (Ali and Khan, 2014). This study
reports production of ethanol from corn straw by cellulolytic yeast
immobilized in Mucuna urens matrix.

2. Materials and methods
2.1. Substrates

Corn straw was collected from a farm site at Osiele in Abeokuta,
Ogun State. The samples were dried and ground to a powder form
using an electric blender (Philips INO23) and was sieved using
4 mm mesh. Mucuna urens (Ukpo seed) was purchased from a local
market in Abeokuta. The seeds of Mucuna urens were dehulled and
blended into powder and defatted using Soxhlet extractor and
dried in a hot air oven (Kareem et al., 2013).

2.2. Isolation and characterization of yeast

Soil from 500 m depth of compost piles was collected from the
herbarium of Federal University of Agriculture, Abeokuta, Ogun
State, Nigeria. The sample was serially diluted and dilutions of
1073 and 10> were plated on Yeast Extract Peptone Dextrose
(YEPD) agar. The plates were incubated at 30 °C for 72 h (Wakil
et al., 2013). After incubation, yeast colonies which grew on agar
plates were characterized based on size, shape and colour. Colonies
from different agar plates were subcultured on YEPDA by streak
plate technique. The agar plates were incubated at 30 °C for 48 h.
Subsequent pure cultures were maintained on agar slant for fur-
ther characterization and identification. Purified yeast isolates
were subjected to standard test and classification schemes as
described by Barnett et al. (2000). The tests include those for col-
ony and cell morphology and fermentation tests.

2.3. Screening for amylolytic yeasts

Yeast isolates were qualitatively screened for using Gram iodine
solution. Purified yeast isolates were grown on agar plates contain-
ing 1% starch agar which were inoculated with pure yeast isolates
and were incubated at 30 °C for 3 days. The plates were flooded
with grams iodine solution, colonies forming clear zones were
selected for quantitative screening (Kareem et al., 2009). Quantita-
tive screening was carried out using YEPD broth containing

MgS0,4.7H,0, 0.03g; FeS047H,0, 0.5g; MnSO4H,0, 0.16g;
ZnS04.7H,0, 0.14 g. Culture medium were inoculated with pure
yeast isolates and incubated under shaking condition (150 rpm)
at 30 °C for 3 days, amylase production was quantified using the
method of Kareem et al. (2009).

2.4. Screening for cellulolytic yeast

Yeast isolates were screened for cellulose qualitatively using
congo red test. Purified yeast isolates were grown on agar plates
containing 1% Carboxyl Methly Cellulose (CMC). Plates were inoc-
ulated with pure yeast isolates and were incubated at 30 °C for
3 days and flooded with 1% Congo red solution for 30 min and
de-stained with 1 M NaCl solution for 20 min (Saliu, 2012). Quan-
titative screening was carried out using modified YEPD which con-
sist of 1% CMC, NH4NOs, 0.2 g; KH,POy, 0.5 g; CaCl,.2H,0, 0.03 g;
MgS04.7H,0, 0.03g; FeS047H,0, 0.5g; MnSO4.H,0, 0.16g;
ZnS0,4.7H,0, 0.14 g; Tween-80, 0.1 g. Culture media were inocu-
lated with pure yeast isolates and were incubated under shaking
condition (150 rpm) at 30 °C for 3 days and cellulase production
was quantified according to the method of Saliu (2012).

2.5. Screening for ethanol producing yeast

Purified yeast isolate were screened for fermentative ability
using YEPD broth prepared in test tubes containing inverted Dur-
ham tube (Wakil et al., 2013). Test tubes were inoculated and incu-
bated at 30 °C for 3 days, isolates were selected based on the
volume of gas in Durham tube during the incubation period
(Brooks, 2008). Quantitative screening was carried out by distilla-
tion using 5% starch according to the method of Wakil et al. (2013).

2.6. Selection of starters

Four yeasts with best amylolytic, cellulolytic and ethanol pro-
ducing abilities were subjected to optimization studies and were
used for amylase, cellulase and ethanol production in submerged
fermentation. These yeasts were stored in glycerol; the glycerol
(15 ml) in screw-cap vials was autoclaved and allowed to cool.
These were added to suspension of the yeasts and were mixed
together and stored in freezer at —20 °C.

2.7. Fermentation of corn straw

Yeast strains were grown in 250 mL Erlenmeyer flask that con-
tained 100 mL of fermentation medium containing corn straw
(10%). The flask was inoculated with 5% yeast suspension and incu-
bated at 30 °C for 96 h (Hashem et al., 2013).

2.8. Fractional distillation

Distillation of the fermented medium was carried out using
100 mL of each fermented medium which was dispensed into
round-bottom flasks fixed to a distillation column enclosed in run-
ning tap water. A conical flask was fixed to the other end of the dis-
tillation column to collect the distillate. A heating mantle with
temperature adjusted to 78 °C was used to heat the round-
bottom flask containing the fermented sample (Wakil et al., 2013).

2.9. Determination of quantity of ethanol produced

The distillate collected over a slow heat was multiplied by the
density of ethanol (0.8033 g/ml). g/l is equivalent to the yield of
100 g of dried substrate (Wakil et al., 2013).
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2.10. Immobilization of yeasts

Yeast suspension was immobilized with Mucuna urens matrix
using the method of Kareem et al. (2013). Mucuna urens (10 g)
was cross-linked with glutaraldehyde (2.5%) v/v and stirred for
10 min. Yeast suspension (5 ml) was properly mixed with the
slurry obtained from cross-linked Mucuna urens. Spherical beads
were formed using a syringe. The slurry was dropped into ethano-
lic formaldehyde (50:50 v/v) for 24 h.

2.11. Optimization studies of ethanol production

Ethanol production from immobilized yeasts was carried out
using YEPD broth containing MgS0,4.7H,0, 0.03 g/l; urea 0.3 g/l
FeS04.7H,0, 0.5g/l; MnSO4H,0, 0.16 g/I; ZnS04.7H,0, 0.14 g/l
and 10% corn straw. Medium was incubated at 30°C for 72 h
(Hashem et al., 2013). Ethanol production from immobilized yeasts
was optimized using different parameters such as bead size, sub-
strate concentration, inoculum load, pH and bead reusability. Com-
parative study was also carried out to compare ethanol production
from free and immobilized yeast.

2.12. Statistical analysis

All the experiments were performed in triplicates, results were
presented as mean + standard deviation and were also analyzed by
ANOVA using statistical software SPSS version 17. 0.

3. Results and discussion
3.1. Isolation of yeast

A total of twelve (12) yeasts were isolated. All the isolates grew
well at 10% NaCl combined with 5% glucose while only two grew at
50% glucose. Sugar fermentation test showed that all the isolates
ferment glucose and fructose, two isolates ferment maltose, arabi-
nose and raffinose. Two isolates do not ferment sorbose. Physiolog-
ical and biochemical tests identified the yeasts as Candida shehatae,
Candida tropicalis, Debaryomyces hansenii. Wikerhamomyces cham-
bardii, Saccharomyces cerevisiae, S. diastaticus, Trichosporon beemeri
and T aquatile. Saccharomyces cerevisiae were the predominant
yeast isolated, they have been reported to be ubiquitous and utilize
a wide range of nutrients due to its ability to secrete a large num-
ber of digestive enzymes (Saliu, 2012). Abah et al. (2010) identified
S. cerevisiae as cellulolytic yeast isolated from rotten iris potato.

3.2. Screening for amylase, cellulase and ethanol producing yeast

All the yeast tested positive for amylase production by showing
clear zones on starch agar. The yeast isolates produced zones of
clearance from 8.0 to 21.0 mm in diameter. Wikerhamomyces
chambardii had the highest halo zones (21.0 mm) followed by D.
hansenii (20.0 mm) while T. aquatile had the lowest (8.0 mm) (Data
not shown). Quantitative screening showed that Wikerhamomyces
chambardii had the highest amylase activity (551.54 U/ml), the
ability of this yeast to hydrolyze this agro-waste faster than others
could also be that the yeasts possess genes that code for rapid cel-
lulase production (Rai et al., 2012). This is followed by S. diastaticus
(527.21 U/ml) while the lowest was recorded for T. aquatile
(100.78 U/ml) (Table 1). All isolates also tested positive for cellu-
lase production by showing clear zones on CMC agar. Wiker-
hamomyces chambardii produced the highest halo zone
(35.0 mm), Wickerhamomyces spp. had been described by Virginia
et al. (2010) as novel yeast from natural environments, which are
related to Candida spp. Candida spp. also produced cellulase

Table 1
Screening for amylase cellulase and ethanol production in yeast isolates.

Yeast Isolates Enzyme activity (U/ml) Ethanol (g/1)

Amylase Cellulase

C. shehatae 346.63 £11.76 161.38 £23.21 20.13 £6.27
C. tropicalis 319.50 £ 34.63 164.67 +24.54 22.96 £10.58.
S. cerevisiae 171.63 £20.28 100.38 £9.67 13.59+2.37
D. hansenii 411.84+18.36 142.50 +£ 18.03 14.40 £ 0.96
W. chambardii 551.54 £32.54 174.67 +23.21 26.13+6.27
T. beemeri 219.50 £22.21 135.66 +10.34 13.62+2.87
S. cerevisiae 158.78 £20.62 94.86 +6.23 20.53+3.44
W. chambardii 276.06 £ 34.63 139.21 +£20.67 Nill

S. cerevisiae 264.51 £33.81 125.78 +22.54 Nill
S.diastaticus 527.21 £25.80 161.22 £20.21 31.96 +10.58
T. aquatile 100.78 + 4.48 72.35+7.61 Nill

D. hansenii 229.65 +£33.32 104.81 £9.44 Nill

Each value is a mean of 3 readings + standard deviation. Values in the same column
followed by the same letter (or subscripts) are not significantly different (p < 0.05)
according to Duncan’s Multiple Range Test.

enzyme, this is in agreement with the work of Sadaf and Abdul
(2013), where C. tropicalis produced cellulase from environmental
samples fermented in mineral salt medium. Result of the quantita-
tive screening shows that the highest cellulase activity was pro-
duced by W. chambardii (174.67 U/ml) followed by S. diastaticus
(161.38 U/ml) while the least cellulase activity was observed in T.
aquatile (72.35 U/ml) (Table 1). Among the isolates, eight showed
fermentative ability (Data not shown) with S. diastaticus showing
the best fermentative ability, this could be due to presence of pyru-
vate decarboxylase (PDC) and alcohol dehydrogenase (ADH)
enzymes in the yeast (Wakil et al., 2013). Abah et al. (2010) had
described S. diastaticus as amylolytic and cellulolytic yeast that
can produce ethanol). Quantitative screening for ethanol produc-
tion showed that S. diaststicus had the best ethanol producing abil-
ity (31.96 g/l), followed by W. chambardii (26.13 g/1), this yeast had
just been recently added to group of yeasts that produce ethanol
from lignocellulosic materials (Kurtzman, 2011). Candida species
also produced ethanol, C. shehatae had been reported by Ayumi
et al. (2015) as ethanol producing yeast. Trichosporon beemeri pro-
duced the least (13.62 g/1) (Table 1).

Wikerhamomyces chambardii, Candida shehatae, Candida tropi-
calis and Saccharomyces diastaticus were selected for ethanol pro-
duction. These yeasts were deposited in the Culture Collection
Centre of the Federal University of Agriculture, Abeokuta, Ogun -
State, Nigeria as W. chambardii ABMC1, C. shehatae FUMC1, C. trop-
icalis FUMC2 and S. diastaticus ABMC2.

3.3. Effect of bead size on bioethanol production from corn straw

Production of ethanol from corn straw by yeasts immobilized in
3, 4, 5 and 6 mm diameter beads is shown in Fig. 1. There was

60
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= 30 —o— W. chambardii
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a 20 C. tropicalis
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Fig. 1. Effect of bead size on bioethanol production from corn straw.
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gradual increase in volume of ethanol produced with bead size
from 3 mm to 4 mm and thereafter decrease with increase in bead
size (Fig. 1). As illustrated in Fig. 1, highest volume of ethanol was
obtained with bead size 4 mm, which indicate that at this size, the
number of pore spaces made available is highest and the number of
cell occupying each space is maximum for substrate utilization
(Kareem et al., 2013). Bigger sizes showed decrease in bead size,
this showed that smaller beads have more surface area per unit
volume and hence more productivity (Kareem et al., 2014). Cells
in bigger beads do not have easy access to the substrate, thus it
reacts with the molecules and forms product (Sevda and
Rodrigues, 2011). Immobilized S. diastaticus produced highest vol-
ume of ethanol (52.1 g/L) while immobilized C. shehatae produced
26.3 g/L which is d least ethanol from hydrolysis of corn straw
(Fig. 1). This could have been due to presence of pyruvate decar-
boxylase present in Saccharomyces spp. which is an enzyme
responsible for ethanol production. Wakil et al. (2013) had
described Saccharomyces spp. as amylolytic and cellulolytic yeast
that can produce ethanol.

3.4. Effect of corn straw concentration on bioethanol production

The result presented in Fig. 2 showed effect of corn straw con-
centration on ethanol production by immobilized yeast cells. Opti-
mum substrate concentration of corn straw for ethanol production
was observed to be 10%, while 15% produced the least ethanol
(Fig. 2). Productivity decreased by increasing substrate concentra-
tion above 10%. Increase in corn straw concentration could have
led to high concentration of complex sugars in the fermentation
medium and this could have had high inhibitory effect on yeast
growth and their capability to produce ethanol (Kumar and
Murthy, 2011). Igbal et al. (2010) reported that increase in sub-
strate concentration has a dynamic influence on cellulose hydroly-
sis, hence affect ethanol production. Maximum volume of ethanol
was produced by immobilized S. diastaticus (55.27 g/L), followed
by C. tropicalis (40.32 g/L), while immobilized C. shehatae produced
the least volume of ethanol (30.19 g/L) from hydrolysis of corn
straw (Fig. 2). Savvharomyces diastaticus has been reported by
Prasad et al. (2007) as yeast that has an efficient anaerobic sugar
metabolism, tolerates inhibitory industrial substrates better than
other microorganisms and ferment hexose abundantly present in
lignocelluosic hydrolysates, such as glucose, mannose and galac-
tose with high yield and productivity.

3.5. Effect of initial pH on bioethanol production from corn straw

Effect of pH on ethanol production from corn straw by immobi-
lized yeast cells are presented in Fig. 3. The result reveals that 4.5
was the optimum pH for ethanol production except for S. diaststi-
cus, which was 5.0. This result showed that cells entrapped in
Mucuna urens matrix are protected from environmental conditions

60
50
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30 —o—W. chambardii
—#—C. shehatae
C. tropicalis

20 —*—S.diastaticus

Bioethanol (g/L)
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2.5 5 7.5 10 12.5 15
Substrate concentration (%)

Fig. 2. Effect of corn straw concentration on ethanol production by immobilized
yeasts.
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Fig. 3. Effect of initial pH on ethanol production from corn straw by immobilized
yeasts.

(Nishant et al., 2014). Least ethanol was produced with pH 7, this
might be due to the fact alkaline pH has an inhibitory effect on
growth of yeasts. Data illustrated in Fig. 3 clearly indicated that
immobilized cells of C. tropicalis had highest volume of ethanol
(40.5 g/L), followed by immobilized cells of W. chambardii and
C. shehatae (34.8 g/L), while immobilized S. diastaticus produced
least ethanol (31.5 g/L) (Fig. 3). Adriana et al. (2015) reported that
ethanol fermentation from discarded carrots using immobilized
S. cerevisiae had its optimum at pH 5.5.

3.6. Effect of inoculum load of on bioethanol production from corn
straw

Fig. 4 showed that inoculum load of the immobilized yeasts
have an important effect on ethanol production. Different amount
of standard inocula (5, 7.5, 10, 12.5 and 15% v/v) showed varying
effect on ethanol. The Figure showed that immobilized inoculum
concentration of 10% v/v gave the maximum ethanol production,
followed by 7.5% while 15% produced the least ethanol during corn
and sorghum straw hydrolysis (Fig. 4). The reason behind the low
production rate with 5 and 7.5% inoculum concentration can be
attributed to lower cell density in the bead at low cell loadings
(Majolagbe et al., 2010). The positive effect of increasing cell load-
ing from 5 to 10%, which led to improve ethanol production, was
the same results obtained for the production of gluconic acid by
Aspergillus niger immobilized in Calcium alginate beads (Dong
et al., 2013). Higher concentration of cell did not lead to improved
ethanol yield. This may be attributed to a decrease in mechanical
strength of gel particles as cell loading increases (Dong et al.,
2013). Immobilized S. diastaticus produced the highest volume of
ethanol of 49.10 g/L, followed by W. chambardii and C. tropicalis
which had the same volume of ethanol (44.2 g/L), while the least
ethanol was produced by C. shehatae (40.1 g/L) (Fig. 4). Among all
the yeast S. diastaticus was proved more successful for ethanol pro-
duction as compared to other species, this is due to the fact that
some species adopt different metabolic pathways by having special
genes or special enzymes such as invertase genes and invertase

60
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Inoculum concentration (%)

Fig. 4. Effect of inoculum load on bioethanol production from corn straw.
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Fig. 5. Reusability of immobilized yeasts on bioethanol production from corn straw.

Table 2

Comparative ethanol production by free and immobilized S. diastaticus.
Fermentation time Immobilized cells Free cells
0 0.00 £ 0.000° 0.00 £ 0.000°
24 11.70£1.184° 8.50 + 0.564"
48 15.40 £ 1.125°¢ 9.40+1.212¢
72 24.90 + 1.068¢ 15.40 £ 1.125¢
96 15.40 £ 1.1259 12.81+£1.1249

Note: each value is a mean of 3 readings # standard deviation.
Various superscripts in table indicate significant differences (p < 0.05).

enzymes respectively for the conversion of hydrolyzed sugars to
ethanol or other metabolites (Fregonesi et al., 2007).

3.7. Effect of reusability of immobilized yeasts on bioethanol
production from corn straw

Fig. 5 showed effect of repeated use of immobilized yeasts on
ethanol production from corn straw. Results showed that immobi-
lized yeast cells could be used repeatedly without obvious loss of
activity. It was observed that immobilized W. chambardii produced
highest ethanol from corn straw during cell re-use. It retained 68,
44 and 37% of ethanol yield for second, third and fourth cycles
respectively (Fig. 5). This result is slightly better than those
reported by Anwar et al. (2009) who found that immobilized cells
retained 30% of its initial activity After the fifth cycles, ethanol
yield was 12%, this may be as a result of clogging of cells inside
the matrix (Kareem et al., 2013). Candida tropicalis had least etha-
nol after cell reusability (Fig. 5). Candida shehatae had 53, 42 and
31% of ethanol yield for second, third and fourth cycles respectively
while C. tropicalis had least ethanol after cell reusability.

3.8. Comparative ethanol production by free and immobilized cells of
S. Diaststicus

Table 2 presents ethanol production by free and immobilized
cells of S. diastaticus. Immobilized cells produced higher volume
of ethanol (24.90 g/L) while free cells had lower ethanol production
of 15.40 g/L. The result agreed with Chandel et al. (2009) that cells
of S. cerevisiae immobilized on sugarcane pieces produced ethanol
faster than free cells. According to Rattananpan et al. (2011),
immobilization protected microbial cells against the possible toxic
effects in the fermentation. As a result, the fermentation perfor-
mance of the immobilized yeast was improved in comparison with
that of the free yeast. Immobilized yeast cells had been reported to
have advantages such as higher productivity and decreased con-
tamination over free cell (Kareem et al., 2013).

4. Conclusion

From the study, it was concluded that cellulolytic yeasts (Wik-
ermomyces chambardii, Candida shehatae, Candida tropicalis and

Saccharomyces diastaticus) were successfully immobilized on
Mucuna urens by cross-linking method with glutaraldehyde and
these yeasts can directly produce bioethanol from corn straw
through a single-step process.
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