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Abstract
Snowballing levels of greenhouse gas emissions and concerns about climate change has led to an ongoing exploration of biofuels.
Bioethanol produced from saccharified wheat straw employing yeast strains can be made readily available as a clean fuel for
combusting the engines. Therefore, in current study, Wickerhamomyces anomalus yeast strain IHZ-26 was used to produce
bioethanol from sugar solution obtained by enzymatic hydrolysis of wheat straw. Nineteen different fermentation media were
assessed for this purpose in which sugar solution obtained from enzymatic hydrolysis of wheat straw was used as carbon source.
Out of these fermentation media, maximum bioethanol yield (1.09 g/L; p <0.05) was observed in ’C1 Yeast extract, peptone,
glucose’ medium. Surface culture fermentation for 5 days at 25 ºC resulted in maximum ethanol formation using 2, 1.5 and 2g
of glucose, xylose and ammonium dihydrogen phosphate, respectively. Four hours old inoculum of Wickerhamomyces anomalus
yeast strain IHZ-26 in a concentration of 3.5% was optimized for maximum bioethanol yield. These optimized parameters
resulted in augmented bioethanol production (5.0 g/L) by 5.02 folds. This study further revealed that W. anomalus IHZ-26 have
been able to covert pentoses and hexoses simultaneously into ethanol efficiently.
Keywords: Bioethanol, Pichia anomala, optimization, fermentation, green energy.

Resumen
Los niveles desorbitados de emisiones de gases de efecto invernadero y las preocupaciones sobre el cambio climático han llevado
a una exploración continua de biocombustibles. El bioetanol producido a partir de paja de trigo sacarificada que emplea cepas
de levadura puede estar fácilmente disponible como combustible limpio para la combustión de los motores. Por lo tanto, en el
estudio actual, la cepa de levadura Wickerhamomyces anomalus IHZ-26 se usó para producir bioetanol a partir de una solución
de azúcar obtenida por hidrólisis enzimática de la paja de trigo. Diecinueve medios de fermentación diferentes fueron evaluados
para este propósito en el cual la solución de azúcar obtenida de la hidrólisis enzimática de la paja de trigo fue utilizada como
fuente de carbono. Fuera de estos medios de fermentación, se observó un rendimiento máximo de bioetanol (1.09 g / L; p <0.05)
en medio de extracto de levadura ’C1, peptona, medio de glucosa. La fermentación del cultivo de superficie durante 5 días a
25 ° C dio como resultado la formación máxima de etanol usando 2, 1,5 y 2 g de glucosa, xilosa y dihidrógeno fosfato de
amonio, respectivamente. El inóculo de cuatro horas de edad de la cepa de levadura Wickerhamomyces anomalus IHZ-26 en
una concentración del 3,5% se optimizó para obtener el máximo rendimiento de bioetanol. Estos parámetros optimizados dieron
como resultado una producción aumentada de bioetanol (5.0 g / L) en 5.02 veces. Este estudio reveló además que W. anomalus
IHZ-26 ha sido capaz de convertir pentosas y hexosas simultáneamente en etanol de manera eficiente
Palabras clave: Bioetanol, Pichia anomala, optimización, fermentación, energía verde.

1 Introduction

The limited amount of fossil fuels and increasing
environmental hazards due to their burning, especially
greenhouse gas emissions (GHG) have made it
necessary for the scientists to explore novel energy

sources such as biofuels (Reyes et al., 2018). Biofuels
provide an alternate source of energy to fossil fuels
and other conventional sources of energy. The term
biofuel is referred to a gaseous or a liquid fuel, made
for the industrial sector, obtained from a variety of
biomass. The usage of biofuels is rising worldwide
and its possible applications are of great interest for
the scientists in the current times.
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The chief task for the upcoming time is to develop
a process for the production of biofuel which do not
challenge the natural food chains. The biofuels msut
be maintainable and proficient in terms of energy
and expenses (Gadonneix et al., 2010; Chingono
and Mbohwa 2016). Therefore, efficient bioethanol
production involves lignocellulosic biomass as a
potential feedstock (Anwar et al., 2014).

Yeast, Saccharomyces cerevisiae is generally
utilized in industrial bioethanol production owing to
reasons like persistence to wide range of pH, high
ethanol endurance, easy access and cost effectiveness
(Azhar et al., 2017). However, baker’s yeast and
many other strains of S. cerevisiae are proved to
be less effective because of easily triggered toxicity
during industrial processes. Various stress conditions
such as high concentration of ethanol, osmotic
pressure, high or low temperature and microbial
toxicity are the limitations to the use traditional yeast
cells in fermentation process (Nawaz et al., 2020).
This is where Pichia anomala, currently known as
Wickerhamomyces anomalus, comes into the spotlight.
This strain is used for the bioethanol production by
fermenting variety of sugars. The yeast W. anomalus
is basically an ascomycetous heterothallic member
of the Wickerhamomycetaceae family. W. anomalus
exist in different environmental conditions and have
been reported to be obtained from plant materials
such as maize silage and cereal grain. A novel
yeast strain, W. anomalus is branded as a level-
1 biosafety microbe. This specie W. anomalus can
even grow under stress conditions, like high and low
pH, increased osmotic pressure, low water activity
and high anaerobic condition (Satora et al., 2014).
W. anomalus is studied for the economically viable
second generation bioethanol production exhibiting
pentose fermentation as its key feature (Azhar et
al., 2017). In the present study, surface culture
fermentation was used anaerobically for the optimized
production of bioethanol. Liquid surface culture is the
classic bioethanol production process characterized
by high yield, low energy consumption and less
man power employment (Darouneh et al., 2009).
The fermentation of bioethanol depends on a number
of factors such as pH, temperature, dissolved CO2,
dissolved O2, inoculum size, composition and nature
of medium etc. Change in these parameters may
affect the rate of the fermentation process, yield of
the product, appearance, texture, smell, taste of the
product, nutritional quality, presence of toxins (if any)
and other related physicochemical properties.

The type of fermentation medium also affects

the product yield. Fermentation medium put into
use must provide nitrogen, carbon, micronutrients,
vitamins, trace elements etc in required amounts. In
some cases the carbon and nitrogen ratio needs to
be controlled as well. Additional factors such as the
availability of the raw material, cost of the process
and variability in batch to batch fermentation also
affect the selection of medium (Olido, 2018; Paulová
et al., 2015). Production of second generation fuels
by using yeast is now demanding more research and
study. Thereby, an inclusive process and economic
analysis is needed to formulate a strategy which is
industrially suitable for the production of biofuels such
as bioethanol and biodiesel which will resolve our
energy crisis in a sustainable way (Zabed et al., 2014;
Tesfaw and Assefa 2014).

Therefore, objective of the current study was
to select a fermentation medium having natural
saccharified sugar of wheat starw as a carbon source
for the economical production of bioethanol which can
be used as a renewable energy source. In addition to
this, bioethanol fermentation related cultural condition
were also focused keenly to get a better bioethanol
yield using appropriate medium components to make
the product more viable economically.

2 Materials and methods

2.1 Microorganism

W. anomalus yeast strain IHZ-26 (accession
number KT883963) and saccharified solution (main
component of the fermentation media) was obtained
from the project “Production of bioenergy from
plant biomass” conducted at Institute of Industrial
Biotechnology, Government College University,
Lahore.

2.2 Fermentation media

Nineteen different fermentation media were studied
for bioethanol production (Table 1). Fermentation was
carried out using saccharification slurry as a carbon
source. Inocula for these media were prepared in malt
extract medium.
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Table 1. Different fermentation media compositions for ethanol production.

2.3 Methodology

2.3.1 Revival of yeast strain and inoculum
preparation

The given yeast strain of W. anomalus (IHZ-26) was
revived from glycerol stocks on YPDA medium paltes
at 30 ºC after an incubation of 48 h. Furthermore,
inoculum was prepared by inoculating loopful of W.
anomalus (IHZ-26) in potato dextrose broth after
overnight incubation at 30 ºC and 120rpm.

2.3.2 Fermentation

Nineteen different fermentation media (table 1) were
prepared using sugar slurry containing 2% reducing
sugar as a carbon source. Surface culture fermentation
was carried out by inoculating 2% W. anomalus starter
culture for bioethanol production at 30 ºC for 5 days.
Additionally, MZ fermentation medium was prepared
(table 1) with the synthetic sugar instead of using

saccharified sugar to probe difference in bioethanol
production.

2.3.3 Extraction

After the completion of fermentation process, broth
was centrifuged at 6000 rpm for 5 minutes.
Supernatant was transferred to a falcon tube for further
analysis and the cell mass pellet was discarded.

2.3.4 Analytical methods

2.3.4.1 Ethanol and reducing sugar estimation

Quantification of bioethanol produced was carried out
by the method undertaken by Gupta et al. (2012) and
Babu et al. (2014). Residual sugar was estimated using
DNS method (Miller, 1959).
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2.3.5 Optimization of fermentation parameters

Nineteen different fermentation media as shown
in Table 1 were studied for the production of
bioethanol. Optimization of various parameters like
incubation time (1-6 days), temperature (20-40 ºC),
pH (6-8), different carbon sources such as glucose,
fructose, maltose, mannitol, soluble starch, sucrose,
xylose, mannose, lactose, saccharose, CSL and various
nitrogen sources like peptone, yeast extract, NH2SO4,
di ammonium hydrogen phosphate, KNO3, Urea,
NaNO3, NH4H2PO4, NH3NO2, NH4Cl was carried
out for maximum ethanol yield. In this regard, varying
concentrations of carbon and nitrogen sources were
also assessed. Additionally, various inoculum sizes
of W. anomalus were checked to get the most
suitable inoculum size for the fermentation. Age of
inoculum being an important factor contributing to the
fermentation yield was also assessed for its effect was
also investigated.

2.3.6 Statistical analysis

Statistical examination and validation of the result
obtained was performed using SPSS version 16.00
(IBM Analytics, New York USA). Significant variance
in the values of probability was calculated by
employing one way ANOVA.

3 Results and discussion

3.1 Influence of sugar source

Effect of saccharified and synthetic sugar was
observed separately on the production of bioethanol
in MZ I and MZ II media, respectively, at 30 ºC for 5
days at 120 rpm.
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Figure 1. Effect of nature of sugar on maximum bioethanol production using W. anomalus (IHZ-26) 

 3.2 Impact of Various Media 

Nineteen different fermentation media (Table 1) were studied for the production of bioethanol using W. anomalus 
at 30○C and pH 7 for 5 days with agitation speed of 120 rpm. The maximum bioethanol production (1.09 g/L) (p <0.05) was 
observed in C1 (YPG) medium as shown in figure 2. The C1(YPG) medium gave maximum bioethanol production 1.09g/L 
(figure 2). This is because the components such as yeast extract, glucose and peptone present in C1(YPG) medium may have 
provided carbon, essential minerals, vitamins and trace elements to promote yeast growth. Amino acids and nitrogenous 
compounds necessary for microbial cell synthesis were provided by yeast extract (YE) present in the medium (Phillips et al., 
2014 and Dickinson, 2006). It was followed by 4B medium which gave 0.99g/L (p <0.05) bioethanol production. Other 
media gave less bioethanol production as compared to C1(YPG) and 4B medium. However, minimum bioethanol 
production  was obtained using M3 medium i.e.  0.01g/L (p <0.05). Same fermentation medium was used by Gao et al. 
(2013) to get a better bioethanol yield (3.5g/L) using Clostridium ragsdalei compared to current study. This contradiction 
might be owed to use of different mciroogranisms for fermentation. Further,  this contradiction can be attribute dto the use 
of synthetic sugars in fermentation medium by Gao et al. (2013) instead of saccharified slurry which was used as carbon 
source in current study. 
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Fig. 1. Effect of nature of sugar on maximum
bioethanol production using W. anomalus (IHZ-26).

A very little difference was observed while
using synthetic (MZ I) and natural sugar (MZ II)
i.e. 0.49 g/L (p <0.05) and 0.488 g/L (p <0.05)
bioethanol production, respectively, as given in figure
1. Therefore, saccharified sugar slurry was selected for
further analysis to make the process economical. This
was a very promosing finding as as yeast was conerting
both synthetic and natural sugars at same rate might
be due to its ability to get over the contaminants or
inhibitors which are present in saccharified slurries
produced from lignocellulosic biomass. Keshav et
al. (2016) also reported similar strategy for ethanol
production but employing S. cerevisiae.

3.2 Impact of various media

Nineteen different fermentation media (Table 1) were
studied for the production of bioethanol using W.
anomalus at 30 ºC and pH 7 for 5 days with
agitation speed of 120 rpm. The maximum bioethanol
production (1.09 g/L) (p <0.05) was observed in C1
(YPG) medium as shown in figure 2.
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Figure 2. Optimization of fermentation media for maximum bioethanol production using W. anomalus (IHZ-26) 

 3.3 Optimization of Incubation period 

Effect of different incubation periods i.e. 1, 2, 3, 4, 5 and 6 days was analyzed for the maximum production of 
bioethanol. The production of bioethanol was observed to increase from day 1 i.e. 0.7g/L (p <0.05)  to day 4 i.e. 1.0g/L (p 
<0.05), which reached to its maximum on day 5 with yield of 1.09g/L (p <0.05). However, further increase in incubation 
time resulted in decreased bioethanol production as shown in figure 3. Therefore, incubation period of 5 days was selected 
for further analysis. Thenmozhi and Victoria (2013) also reported maximum bioethanol (7.83g/L) with 5 days of incubation 
while using S. cerevisiae which is greater yield compared to current study owing to use of S. cerevisiae and synthetic sugars 
instead of W. anomalus and natural sacchariefied sugar. The process of fermentation might remain incomplete if carried out 
for short durations, owing to the fact that there was inadequate population of microbes  (Bokulich and Bamforth 2013). On 
the other hand, prolonged fermentation might be lethal for the growth of microbes because of the accumulation product in 
high concentration. It was observed that as the concentration of ethanol increased in the fermentation medium, the inhibition 
of yeast cells also increased resulting in decreased microbial mass and rate of fermentation. The decrease in the bioethanol 
production after day 5 might be due to the depletion of the nutrients, decrease in media pH and feedback inhibition (Tesfaw 
& Assefa, 2014). However, the results of Rayabova et al. (2003) and Cazetta et al. (2007)  disagree with our findings as they 
reported maximum ethanol production in 48 hours (2 days) using Pichia stipitis and using Zymomonas 
mobilis,respectively.These yeast strains might have fast metabolic system due to which they achieved the task earlier or the 
use of synthetic sugars without the presence of any inhibitors and conatminants, which are usually present in sccharified 
sugars (as in current study), could have contributed to robust bioethanol production in their experiments. 
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Fig. 2. Optimization of fermentation media for maximum bioethanol production using W. anomalus (IHZ-26).
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The C1(YPG) medium gave maximum bioethanol
production 1.09 g/L (figure 2). This is because
the components such as yeast extract, glucose and
peptone present in C1(YPG) medium may have
provided carbon, essential minerals, vitamins and trace
elements to promote yeast growth. Amino acids and
nitrogenous compounds necessary for microbial cell
synthesis were provided by yeast extract (YE) present
in the medium (Phillips et al., 2014 and Dickinson,
2006). It was followed by 4B medium which gave
0.99 g/L (p <0.05) bioethanol production. Other
media gave less bioethanol production as compared
to C1(YPG) and 4B medium. However, minimum
bioethanol production was obtained using M3 medium
i.e. 0.01 g/L (p <0.05). Same fermentation medium
was used by Gao et al. (2013) to get a better bioethanol
yield (3.5 g/L) using Clostridium ragsdalei compared
to current study. This contradiction might be owed
to use of different mciroogranisms for fermentation.
Further, this contradiction can be attribute dto the use
of synthetic sugars in fermentation medium by Gao
et al. (2013) instead of saccharified slurry which was
used as carbon source in current study.

3.3 Optimization of incubation period

Effect of different incubation periods i.e. 1, 2, 3, 4, 5
and 6 days was analyzed for the maximum production
of bioethanol. The production of bioethanol was
observed to increase from day 1 i.e. 0.7 g/L (p <0.05)
to day 4 i.e. 1.0 g/L (p <0.05), which reached to its
maximum on day 5 with yield of 1.09 g/L (p <0.05).
However, further increase in incubation time resulted
in decreased bioethanol production as shown in figure
3. Therefore, incubation period of 5 days was selected
for further analysis. Thenmozhi and Victoria (2013)
also reported maximum bioethanol (7.83 g/L) with 5
days of incubation while using S. cerevisiae which
is greater yield compared to current study owing to
use of S. cerevisiae and synthetic sugars instead of
W. anomalus and natural sacchariefied sugar. The
process of fermentation might remain incomplete if
carried out for short durations, owing to the fact
that there was inadequate population of microbes
(Bokulich and Bamforth 2013). On the other hand,
prolonged fermentation might be lethal for the growth
of microbes because of the accumulation product
in high concentration. It was observed that as the
concentration of ethanol increased in the fermentation
medium, the inhibition of yeast cells also increased
resulting in decreased microbial mass and rate of
fermentation.
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Figure 3. Effect of Incubation period for maximum bioethanol production using W. anomalus (IHZ-26). 

3.4 Effect of Fermentation Method 

Effect of surface culture fermentation (static incubation) and submerge fermentation (shaking incubation) was 
analyzed for their effect on bioethanol production. It was observed that maximum bioethanol production (1.17 g/L (p <0.05) 
was obtained in surface culture fermentation as shown in figure 4. It was followed by 1.02g/L g/L (p <0.05) of bioethanol 
produced in submerged culture fermentation. Therefore, surface culture fermentation was selected for further experiments. 
Holker et al. (2004) and Darouneh et al. (2009) also observed maximum bioethanol yield using surface culture fermentation 
with Pichia anomala. It might be due to low water activity and zero oxygen availability as improved production of ethanol 
takes place in anaerobic conditions. Submerged fermentation on the other hand have multiple reuirements such as high 
water content, energy for agitation, space and large waste disposal area which makes the process of ethanol production more 
costly (Baldwin et al., 2019).  
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Fig. 3. Effect of Incubation period for maximum
bioethanol production using W. anomalus (IHZ-26).

The decrease in the bioethanol production after
day 5 might be due to the depletion of the nutrients,
decrease in media pH and feedback inhibition (Tesfaw
& Assefa, 2014). However, the results of Rayabova et
al. (2003) and Cazetta et al. (2007) disagree with our
findings as they reported maximum ethanol production
in 48 hours (2 days) using Pichia stipitis and using
Zymomonas mobilis,respectively. These yeast strains
might have fast metabolic system due to which they
achieved the task earlier or the use of synthetic
sugars without the presence of any inhibitors and
conatminants, which are usually present in sccharified
sugars (as in current study), could have contributed to
robust bioethanol production in their experiments.

3.4 Effect of fermentation method

Effect of surface culture fermentation (static
incubation) and submerge fermentation (shaking
incubation) was analyzed for their effect on bioethanol
production. It was observed that maximum bioethanol
production (1.17 g/L (p <0.05) was obtained in
surface culture fermentation as shown in figure
4. It was followed by 1.02 g/L g/L (p <0.05)
of bioethanol produced in submerged culture
fermentation. Therefore, surface culture fermentation
was selected for further experiments. Holker et al.
(2004) and Darouneh et al. (2009) also observed
maximum bioethanol yield using surface culture
fermentation with Pichia anomala. It might be due
to low water activity and zero oxygen availability
as improved production of ethanol takes place in
anaerobic conditions. Submerged fermentation on
the other hand have multiple reuirements such as
high water content, energy for agitation, space and
large waste disposal area which makes the process of
ethanol production more costly (Baldwin et al., 2019).
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Figure 4. Effect of fermentation methods (shaking and static) on bioethanol production using W. anomalus (IHZ-26) 

 3.5 Optimization of Temperature 

The effect of different incubation temperatures i.e., 20, 25, 30, 35 and 40ºC on the production of bioethanol was 
investigated in C1(YPG) medium at pH 7.0. It was observed that the rate of bioethanol production increased from 0.49 g/L 
g/L (p <0.05) (20ºC) to 1.39 g/L (p <0.05)  (25ºC) which is maximum production as shown in figure 5. However, further 
increase in temperature failed to boost bioethanol production. Least production was attained at 40ºC i.e. 0.22 g/L (p <0.05), 
bioethanol. Elevated temperature is stressful for the growth of microbes and results into their cessation. The microbes may 
switch to the formation of heat shock proteins (HSPs) which are responsible for disturbance in ribosomal activity 
(Philasaphong et al., 2006). In addition, high temperature is thought to cause negative effect on enzymes, ribosome and 
membrane fluidity (Kurian et al., 2010). Most suitable temperature i.e. 25oC was opted for further experimentations. Lin et 
al. (2012), Davis et al. (2006) and Cazetta et al. (2007) also reported 25-30ºC temperature for maximum bioethanol yield 
using S. cerevisiae  which is in accordance to the current studt and might be attributed to the fact that both S. cerevisiae  and 
W. anomalus belongs to Saccharomycetaceae family. Torija et al. (2003), Thenmozhi and Victoria (2013) have got 
diverging results andeported maximum ethanol yield at 35ºC using S. cerevisiae. Contradiction in results canbe explained on 
the basis that yeast used might have been isolated from habitats that support the metabolic process to work best at higher 
temperature.  
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Fig. 4. Effect of fermentation methods (shaking and
static) on bioethanol production using W. anomalus
(IHZ-26).

3.5 Optimization of temperature

The effect of different incubation temperatures i.e.,
20, 25, 30, 35 and 40 ºC on the production of
bioethanol was investigated in C1(YPG) medium at
pH 7.0. It was observed that the rate of bioethanol
production increased from 0.49 g/L g/L (p <0.05)
(20 ºC) to 1.39 g/L (p <0.05) (25 ºC) which is
maximum production as shown in figure 5. However,
further increase in temperature failed to boost
bioethanol production. Least production was attained
at 40 ºC i.e. 0.22 g/L (p <0.05), bioethanol. Elevated
temperature is stressful for the growth of microbes
and results into their cessation. The microbes may
switch to the formation of heat shock proteins (HSPs)
which are responsible for disturbance in ribosomal
activity (Philasaphong et al., 2006). In addition, high
temperature is thought to cause negative effect on
enzymes, ribosome and membrane fluidity (Kurian et
al., 2010). Most suitable temperature i.e. 25 ºC was
opted for further experimentations.
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Figure 5. Effect of varying temperature for maximum bioethanol production using W. anomalus (IHZ-26) 

3.6 Optimization of pH 

Effect of different medium pH i.e., 6.0, 6.5, 7.0, 7.5 and 8.0 was assessed for bioethanol production using C1(YPG) 
fermentation medium. The rate of bioethanol production increased from pH 6.0 (0.19g/L (p <0.05)) to pH 7.0 (1.4g/L g/L (p 
<0.05)) where maximum bioethanol production was observed (Figure 6). Least amount of bioethanol (0.19g/L (p <0.05)) 
was obtained at pH 6.0. It was observed that further increase in pH declined the bioethanol production. Therefore, pH 7.0 
with 1.4g/L bioethanol production was selected for further investigation.   

Maximum ethanol formation at neutral pH might be due to the possibility that the yeast strain used in current study 
may have isolated from the habitat having neutral pH. However, decreae ethanol production at low and high pH values are 
due to the fact that change in hydrogen ion concentration in the medium may affect proteins such as enzymes which are 
responsible for carrying out bioethanol fermentation (Liu et al., 2012). Therefore, bioethanol production seems to decline at 
pH other than optimum pH (Acharya & Chaudhary 2012 and Lin et al., 2012).  Similar results were obtained by Temudo et 
al. (2007) and Temudo et al. (2008) as they reported maximum production of ethanol at neural pH as well.  
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Fig. 5. Effect of varying temperature for maximum
bioethanol production using W. anomalus (IHZ-26).

Lin et al. (2012), Davis et al. (2006) and
Cazetta et al. (2007) also reported 25-30 ºC
temperature for maximum bioethanol yield using S.
cerevisiae which is in accordance to the current
studt and might be attributed to the fact that
both S. cerevisiae and W. anomalus belongs to
Saccharomycetaceae family. Torija et al. (2003),
Thenmozhi and Victoria (2013) have got diverging
results andeported maximum ethanol yield at 35 ºC
using S. cerevisiae. Contradiction in results can be
explained on the basis that yeast used might have
been isolated from habitats that support the metabolic
process to work best at higher temperature.

3.6 Optimization of pH

Effect of different medium pH i.e., 6.0, 6.5, 7.0,
7.5 and 8.0 was assessed for bioethanol production
using C1(YPG) fermentation medium. The rate of
bioethanol production increased from pH 6.0 (0.19 g/L
(p <0.05)) to pH 7.0 (1.4 g/L g/L (p <0.05))
where maximum bioethanol production was observed
(Figure 6). Least amount of bioethanol (0.19 g/L
(p <0.05)) was obtained at pH 6.0. It was observed
that further increase in pH declined the bioethanol
production. Therefore, pH 7.0 with 1.4 g/L bioethanol
production was selected for further investigation.
Maximum ethanol formation at neutral pH might
be due to the possibility that the yeast strain
used in current study may have isolated from the
habitat having neutral pH. However, decreae ethanol
production at low and high pH values are due to
the fact that change in hydrogen ion concentration
in the medium may affect proteins such as enzymes
which are responsible for carrying out bioethanol
fermentation (Liu et al., 2012).
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Carbon source is another major factor which significantly influences the yeast growth (Zaldivar et al., 2001). The 
yeast W. anomalus used in the present study is capable of assimilating all the complex and simple sugars simultaneously 
(Almeida et al., 2007 and Van et al., 2006). Therefore, several sugars like glucose, mannose, fructose, xylose, maltose and 
sucrose were optimized. Among different carbon sources 2% xylose and 2% glucose gave 2.3 and 1.7g/L bioethanol yield, 
respectively. It was observed that when these two carbon sources were combined, the rate of bioethanol production was 
enhanced significantly (3.45g/L). The utilization of hexoses and pentoses simultaneously may be attributed to the ability of 
W. anomalus, to break down the sugars by the activity of enzymes such as invertase and α amylase (Lee et al., 2011). Singh 
et al. (2014), Karagöz and Ozkan (2014) and Jyotsana et al. (2015) also reported maximum bioethanol yield using S.  
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Fig. 6. Optimization of fermentation medium pH for
maximum bioethanol production using W. anomalus
(IHZ-26).
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Therefore, bioethanol production seems to decline
at pH other than optimum pH (Acharya & Chaudhary
2012 and Lin et al., 2012). Similar results were
obtained by Temudo et al. (2007) and Temudo et
al. (2008) as they reported maximum production of
ethanol at neural pH as well.

3.7 Optimization of carbon source

Different carbon sources such as glucose, fructose,
maltose, mannitol, soluble starch, sucrose, xylose,
mannose, lactose and a combination of glucose
and xylose were tested for bioethanol production.
Among mentioned carbon sources, maximum
bioethanol production was observed using a medium
having a combination of glucose and xylose
(3.45 g/L (p <0.05)) as shown in figure 7. Least
amount of bioethanol (0.12 g/L (p <0.05)) was
obtained in a medium containing lactose as a carbon
source. Effect of different concentrations of glucose
such as 0.5, 1, 1.5, 2, 2.5 and 3% was analyzed
for bioethanol production. The rate of bioethanol
production increased with the increase in glucose
concentration and reached to maximum when 2%
glucose was used which gave 3.6 g/L (p <0.05),
bioethanol yield. With the further increase in the
concentration of glucose, the rate of bioethanol
production decreased from 3.6 g/L (p <0.05) to 2.99
g/L (p <0.05) as shown in figure 8. Least amount
of bioethanol 2.99 g/L (p <0.05) was obtained when
3% glucose was used. Similarly, effect of different
xylose concentrations such as 0.5, 1, 1.5, 2, 2.5
and 3% was also analyzed to study its effects on
the bioethanol production. It was observed that the
bioethanol yield increased from 2.8 to 3.8 g/L when
the xylose concentration was increased from 0.5 to
1.5%, respectively.

11 
 

as per provided substrate is greater in present study as compared to reports in which other yeasts were used showing 
superiority of W. anomalus in simultabeous utilization of pentoses and hexoses. 

Glucose and xylose were optimized separately as 2 and 1.5%, respectively (figure 8 and 9). Our findings related to 
the optimization of concentrations were similar to the results of Gikonyo et al. (2015) who reported maximum bioethanol 
yield while using Kluyveromyces sp. IIPE453 yeast strain. The similarity in results might be due to the use of similar kind of 
yeast strains. Bioethanol production declined with further increase in the amount of carbon sources than the optimum 
amount may be associated to the finding that growth of microbes in the of excess of carbon source under anaerobic 
conditions may generate acidic by-products in the so-called ‘overflow’ metabolism (Zhu and Shimizu 2005; Chang et al.,  
2018). The concentration of sugar higher than the optimum amount may have repressed the enzymes of yeast involved in 
glycolysis resulting into reduced ethanol yield (Yamaoka et al., 2014). The increase in amount of glucose, ethanol 
production was also increase but to a certain extent. After this limit, microbes accept no more glucose resulting in steady 
state or may lead to decrease in fermentation rate (Shin et al., 2009).  

 

Figure 7. Effect of various carbon sources on maximum bioethanol production using W. anomalus (IHZ-26) 
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Fig. 7. Effect of various carbon sources on maximum
bioethanol production using W. anomalus (IHZ-26).

However, further increase in xylose concentration
above 1.5% dropped off bioethanol production as
shown in figure 9. Least amount of bioethanol
(0.99 g/L (p <0.05)) was obtained when 3% of xylose
was used. Xylose concentration (1.5g (p <0.05)) with
maximum bioethanol production was selected for
further experimentation.

Carbon source is another major factor which
significantly influences the yeast growth (Zaldivar
et al., 2001). The yeast W. anomalus used in the
present study is capable of assimilating all the complex
and simple sugars simultaneously (Almeida et al.,
2007 and Van et al., 2006). Therefore, several sugars
like glucose, mannose, fructose, xylose, maltose and
sucrose were optimized. Among different carbon
sources 2% xylose and 2% glucose gave 2.3 and
1.7 g/L bioethanol yield, respectively. It was observed
that when these two carbon sources were combined,
the rate of bioethanol production was enhanced
significantly (3.45 g/L).
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Figure 8. Optimization of carbon source (Glucose) concentration for maximum bioethanol production using W. anomalus 
(IHZ-26). 

 

Figure 9. Effect of varying xylose concentrations on maximum bioethanol production using W. anomalus (IHZ-26). 
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Fig. 8. Optimization of carbon source (Glucose)
concentration for maximum bioethanol production
using W. anomalus (IHZ-26).
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Figure 9. Effect of varying xylose concentrations on maximum bioethanol production using W. anomalus (IHZ-26). 
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maximum bioethanol production using W. anomalus
(IHZ-26).

www.rmiq.org 1483



Haq et al./ Revista Mexicana de Ingeniería Química Vol. 19, No. 3 (2020) 1477-1491

The utilization of hexoses and pentoses
simultaneously may be attributed to the ability of W.
anomalus, to break down the sugars by the activity
of enzymes such as invertase and α amylase (Lee et
al., 2011). Singh et al. (2014), Karagöz and Ozkan
(2014) and Jyotsana et al. (2015) also reported
maximum bioethanol yield using S. cerevisiae and
Scheffersomyces stipites in a fermentation medium
containing both xylose and glucose. But yield of
ethanol as per provided substrate is greater in present
study as compared to reports in which other yeasts
were used showing superiority of W. anomalus in
simultabeous utilization of pentoses and hexoses.

Glucose and xylose were optimized separately
as 2 and 1.5%, respectively (figure 8 and 9). Our
findings related to the optimization of concentrations
were similar to the results of Gikonyo et al. (2015)
who reported maximum bioethanol yield while using
Kluyveromyces sp. IIPE453 yeast strain. The similarity
in results might be due to the use of similar kind
of yeast strains. Bioethanol production declined with
further increase in the amount of carbon sources
than the optimum amount may be associated to the
finding that growth of microbes in the of excess
of carbon source under anaerobic conditions may
generate acidic by-products in the so-called ‘overflow’
metabolism (Zhu and Shimizu 2005; Chang et al.,
2018). The concentration of sugar higher than the
optimum amount may have repressed the enzymes
of yeast involved in glycolysis resulting into reduced
ethanol yield (Yamaoka et al., 2014). The increase
in amount of glucose, ethanol production was also
increase but to a certain extent. After this limit,
microbes accept no more glucose resulting in steady
state or may lead to decrease in fermentation rate (Shin
et al., 2009).

3.8 Optimization of nitrogen source

Effect of different nitrogen sources such as
peptone, yeast extract, (NH4)2SO4, di AHP, KNO3,
urea, NaNO3, NH4H2PO4, NH3NO2 and NH4Cl
was studied for the production of bioethanol in
C1(YPG) fermentation medium. Maximum bioethanol
production (4.0 g/L) was obtained when NH4H2PO4
nitrogen source was used. Rest of the sources such
as peptone, yeast extract, (NH4)2SO4, KNO3, urea,
NaNO3 and NH3NO2 gave 0.09 g/L (p <0.05),
0.61 g/L (p <0.05), 0.04 g/L (p <0.05), 0.06 g/L
(p <0.05), 0.03 g/L (p <0.05), 0.05 g/L (p <0.05)
and 0.07 g/L (p <0.05) bioethanol, respectively.
Least amount of bioethanol production was given
by NH4Cl with 0.01 g/L (p <0.05) bioethanol as
shown in figure 10. The effect of varying nitrogen
concentrations such as 0.5, 1, 1.5, 2 and 2.5%
were assessed for maximum bioethanol production.
The rate of bioethanol production increased from
3.8 g/L (p <0.05) to 4.4 g/L (p <0.05) when the
concentration of nitrogen was increased from 0.5
to 2%, respectively. It was observed that further
increase in the concentration of nitrogen resulted in
the decrease in bioethanol production from 4.4 g/L
(p <0.05) to 4.3 g/L (p <0.05) as shown in figure 11.

Nitrogen source greatly influence bioethanol
production asit contribute to the synthesis of important
enzymes which paly important role in their metabolic
pathway for the production of ethanol (Slininger et
al., 2006; Pérez et al., 2011; Harde et al., 2014).
Ammonium dihydrogen phosphate, in the medium,
may have led to synthesis of essential proteins
involved in the process of transportation of sugars to
the membrane interior.
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3.8 Optimization of Nitrogen Source 

Effect of different nitrogen sources such as peptone, yeast extract, (NH4)2SO4, di AHP, KNO3, urea, NaNO3, 

NH4H2PO4, NH3NO2 and NH4Cl was studied for the production of bioethanol in C1(YPG) fermentation medium. Maximum 
bioethanol production (4.0 g/L) was obtained when NH4H2PO4 nitrogen source was used. Rest of the sources such as 
peptone, yeast extract, (NH4)2SO4, KNO3, urea, NaNO3 and NH3NO2 gave 0.09 g/L (p <0.05), 0.61 g/L (p <0.05), 0.04 g/L (p 
<0.05), 0.06 g/L (p <0.05), 0.03 g/L (p <0.05), 0.05 g/L (p <0.05) and 0.07g/L (p <0.05) bioethanol, respectively. Least 
amount of bioethanol production was given by NH4Cl with 0.01g/L (p <0.05) bioethanol as shown in figure 10. The effect 
of varying nitrogen concentrations such as 0.5, 1, 1.5, 2 and 2.5% were assessed for maximum bioethanol production. The 
rate of bioethanol production increased from 3.8 g/L (p <0.05) to 4.4g/L (p <0.05) when the concentration of nitrogen was 
increased from 0.5 to 2%, respectively. It was observed that further increase in the concentration of nitrogen resulted in the 
decrease in bioethanol production from 4.4 g/L (p <0.05) to 4.3g/L (p <0.05) as shown in figure 11.   

Nitrogen source greatly influence bioethanol production asit contribute to the synthesis of important enzymes 
which paly important role in their metabolic pathway for the production of ethanol (Slininger et al., 2006; Pérez et al., 2011; 
Harde et al., 2014). Ammonium dihydrogen phosphate, in the medium, may have led to synthesis of essential proteins 
involved in the process of transportation of sugars to the membrane interior. With the deficiency of nitrogen such proteins 
may not be synthesized resulting in restricted cell growth and bioethanol production. The ability of yeast cells to utilize 
ammonium salt is perhaps much more widespread among ethanol producing species. Our findings were similar to Fadel et 
al. (2013) who reported their work on the optimization of D-xylose conversion to ethanol by the yeast Pichia stipitis NRRL 
Y-7124. It was observed that lack of nitrogenous compounds can cause slow or stuck fermentation (Júnior et al., 2009). 
Further increase in the nitrogen concentration resulted in the decreased rate of bioethanol production. This is due to the fact 
that accumulation of ethanol in the fermentation medium inhibits growth of yeast cells (Santos et al., 2012 and Li et al., 
2017), hence, the rate of ethanol production decreases (Thenmozhi and Victoria 2013; Bafrncová et al., 1999). Chan-u-tit et 
al. (2013) reported contrary results using Saccharomyces cerevisiae which gave 1.89g/L bioethanol yield by consuming 3% 
nitrogen source. This might be associate dto the use of different yeast species in both studies. 
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Fig. 10. Optimization of nitrogen source for maximum bioethanol production using W. anomalus (IHZ-26).
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Figure 11. Effect of different concentrations of NH4H2PO4 on bioethanol production using W. anomalus (IHZ-26). 

3.9 Optimization of Inoculum Size 

The influence of inoculum size such as 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5 and 6 % was assessed on the production 
of bioethanol in C1(YPG) medium. The rate of bioethanol production increased from 3.6 g/L (p <0.05) to 4.8 g/L (p <0.05) 
when the inoculum size increased from 1 to 3.5% respectively, as shown in figure 12. It was observed that further increase 
in inoculum size (3.5%) declined the rate of bioethanol production from 4.8 g/L (p <0.05) to 3.7g/L (p <0.05). Least 
bioethanol yield (3.6g/L (p <0.05)) was obtained by using 1% inoculum. Therefore, 3.5% inoculum size yielding maximum 
bioethanol production (4.8 g/L (p <0.05)) was used for further analysis. More yeast cells will grow in the medium when the 
inoculum size is increased as it may lead to a competition for nutrients resulting in slow growth and metabolism which 
decreases the ethanol yield (Laopaiboon et al., 2007). Moreover, high inoculum level might result in rapid exhaust of 
nutrients in the medium, hence, reducing the ethanol yield (Franca et al., 2009 and Tesfaw & Assefa, 2014).  On contrary, if 
inoculum size is less than the amount required, limited amount of substrates will be converted into product as there will be 
less yeast cells present to carry out that task (Niladevi and Prema 2008). Results slightly differ from the findings of Laluce 
et al. (2009) and Tahir et al. (2010) who obtained maximum bioethanol yield while using 3% inoculum size of S. cerevisiae 
as it may require more numer of cells to achieve the same task which can be accomplished by little of number of W. 
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Fig. 11. Effect of different concentrations of
NH4H2PO4 on bioethanol production using W.
anomalus (IHZ-26).

With the deficiency of nitrogen such proteins
may not be synthesized resulting in restricted cell
growth and bioethanol production. The ability of
yeast cells to utilize ammonium salt is perhaps much
more widespread among ethanol producing species.
Our findings were similar to Fadel et al. (2013)
who reported their work on the optimization of D-
xylose conversion to ethanol by the yeast Pichia
stipitis NRRL Y-7124. It was observed that lack
of nitrogenous compounds can cause slow or stuck
fermentation (Júnior et al., 2009). Further increase in
the nitrogen concentration resulted in the decreased
rate of bioethanol production. This is due to the
fact that accumulation of ethanol in the fermentation
medium inhibits growth of yeast cells (Santos et
al., 2012 and Li et al., 2017), hence, the rate of
ethanol production decreases (Thenmozhi and Victoria
2013; Bafrncová et al., 1999). Chan-u-tit et al.
(2013) reported contrary results using Saccharomyces
cerevisiae which gave 1.89 g/L bioethanol yield
by consuming 3% nitrogen source. This might be
associate dto the use of different yeast species in both
studies.

3.9 Optimization of inoculum size

The influence of inoculum size such as 1, 1.5, 2,
2.5, 3, 3.5, 4, 4.5, 5, 5.5 and 6% was assessed on
the production of bioethanol in C1(YPG) medium.
The rate of bioethanol production increased from
3.6 g/L (p <0.05) to 4.8 g/L (p <0.05) when the
inoculum size increased from 1 to 3.5% respectively,
as shown in figure 12. It was observed that further
increase in inoculum size (3.5%) declined the rate
of bioethanol production from 4.8 g/L (p <0.05) to
3.7 g/L (p <0.05). Least bioethanol yield (3.6 g/L
(p <0.05)) was obtained by using 1% inoculum.
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Figure 12. Optimization of inoculum size for bioethanol production using W. anomalus (IHZ-26) 

3.10 Optimization of Inoculum Age 

The effect of time required for inoculum development on the production of bioethanol was analyzed. The inoculum 
age varied from 0 to 24 hours with an interval of 4 hours. It was observed that maximum bioethanol (5.0 g/L (p <0.05)) was 
produced when inoculum 4 h old inoculum was used. Further increase in the age of inoculum from 4 to 24 hours, declined 
bioethanol production from 5.0 g/L (p <0.05) to 3.6 g/L (p <0.05) as shown in figure 13. Least amount of bioethanol was 
obtained when 0 hour old inoculum was used. Increase in the age of inoculum decreased the fermentation efficiency of yeast 
cells as they might have entered into their stationary phase. Formation of by products in this phase that hinder yeast growth 
and its potent enzymes also reduce bioethanol yield (Zhang et al., 2015). Thenmozhi and Victoria (2013) reported similar 
findings but Rekha and Vijayalakshmi (2018) reported contradicted results to our finding with best results obtained after 72 
h of inoculum age. The reason for contradiction might be the use of S. cerevisiae which have slow metabolic growth rate 
instead of W. anomalus. 
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Fig. 12. Optimization of inoculum size for bioethanol
production using W. anomalus (IHZ-26).

Therefore, 3.5% inoculum size yielding maximum
bioethanol production (4.8 g/L (p <0.05)) was used
for further analysis. More yeast cells will grow in
the medium when the inoculum size is increased as
it may lead to a competition for nutrients resulting
in slow growth and metabolism which decreases the
ethanol yield (Laopaiboon et al., 2007). Moreover,
high inoculum level might result in rapid exhaust of
nutrients in the medium, hence, reducing the ethanol
yield (Franca et al., 2009 and Tesfaw & Assefa,
2014). On contrary, if inoculum size is less than the
amount required, limited amount of substrates will
be converted into product as there will be less yeast
cells present to carry out that task (Niladevi and
Prema 2008). Results slightly differ from the findings
of Laluce et al. (2009) and Tahir et al. (2010) who
obtained maximum bioethanol yield while using 3%
inoculum size of S. cerevisiae as it may require more
numer of cells to achieve the same task which can be
accomplished by little of number of W. anomalus cells.

3.10 Optimization of inoculum age

The effect of time required for inoculum development
on the production of bioethanol was analyzed. The
inoculum age varied from 0 to 24 hours with an
interval of 4 hours. It was observed that maximum
bioethanol (5.0 g/L (p <0.05)) was produced when
inoculum 4 h old inoculum was used. Further increase
in the age of inoculum from 4 to 24 hours, declined
bioethanol production from 5.0 g/L (p <0.05) to
3.6 g/L (p <0.05) as shown in figure 13. Least amount
of bioethanol was obtained when 0 hour old inoculum
was used. Increase in the age of inoculum decreased
the fermentation efficiency of yeast cells as they might
have entered into their stationary phase.
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Figure 13. Effect of varying inoculum age for maximum bioethanol production using W. anomalus (IHZ-26) 
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production significantly by five folds . Applying optimization finding of this research, feasible and economical fermentation 
process can be developed for the efficient production of bioethanol using saccharification mixture of lignocellulosic 
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environmental pollutants produced by burning of by fossil fuels. 
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Fig. 13. Effect of varying inoculum age for maximum
bioethanol production using W. anomalus (IHZ-26).

Formation of by products in this phase that hinder
yeast growth and its potent enzymes also reduce
bioethanol yield (Zhang et al., 2015). Thenmozhi and
Victoria (2013) reported similar findings but Rekha
and Vijayalakshmi (2018) reported contradicted
results to our finding with best results obtained after
72 h of inoculum age. The reason for contradiction
might be the use of S. cerevisiae which have slow
metabolic growth rate instead of W. anomalus.

Conclusions

The research finding concluded that W. anomalus is
a potnet yeast strain with efficient ability to convert
pentoses and hexoses simultaneously. Furthermore,
optimization of various process parameters enhanced
the rate of bioethanol production significantly by five
folds . Applying optimization finding of this research,
feasible and economical fermentation process can be
developed for the efficient production of bioethanol
using saccharification mixture of lignocellulosic
biomass. The process will provide long term benefits
of economical bioethanol production in relation to
reduction in environmental pollutants produced by
burning of by fossil fuels.
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