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ABSTRACT
A profitable, second-generation (2G) bioethanol pro-

duction process requires the use of the maximum amount 
of sugars present in the lignocellulosic biomass; among 
them are those obtained from hemicellulose hydrolysis. 
An alternative is the search and kinetic characterization of 
yeasts capable of fermenting xylose to ethanol. In this study, 
161 yeasts were isolated from agroindustrial residues, and 
selected according to best growth in glucose and xylose. Five 
strains belonging to the genera Candida (C. intermedia and C. 
parapsilosis), and Wickerhamomyces (W. anomalus) were mo-
lecularly identified. The kinetic parameters indicate that C. 
intermedia CBE002 had the best biomass yield in glucose and 
xylose (0.21 and 0.35 g/g of substrate), maximum specific 
growth rate (0.15 and 0.12 h-1) and metabolized both sugars 
simultaneously, desirable characteristics and rarely found 
together in other yeasts. Bioethanol production was made 
possible by C. intermedia (CBE002) from acid hydrolysates of 
corn stover and mango residues, with yields of 0.31 and 0.26 
g/g of substrate, respectively. From the results obtained, this 
yeast is an attractive candidate to be used in bioethanol 2G 
production, and to take advantage of the large amount of 
agroindustrial residues available.
Keywords: corn stover, mango residue, hemicellulose, pen-
tose fermenting yeast, bioethanol.

RESUMEN
Un proceso de producción de bioetanol de segunda 

generación (2G) rentable, requiere el uso del máximo núme-
ro de azúcares presentes en la biomasa lignocelulósica, como 
son los obtenidos por hidrólisis de hemicelulosa; para obte-
nerlo, una alternativa es encontrar levaduras capaces de fer-
mentar eficientemente xilosa a etanol. En el presente trabajo 
se realizó el aislamiento de 161 levaduras a partir de residuos 
agroindustriales, se evaluó su capacidad de crecimiento en 
glucosa y xilosa. Se seleccionaron e identificaron molecu-
larmente cinco de estas cepas pertenecientes a los géneros 
Candida (C. intermedia, C. parapsilosis) y Wickerhamomyces 

(W. anomalus). Los parámetros cinéticos demostraron que C. 
intermedia CBE002 obtuvo el mejor rendimiento de biomasa 
en glucosa y xilosa (0.21 y 0.35 g/g), la máxima velocidad 
específica de crecimiento (0.15 y 0.12 h-1) y fue capaz de 
metabolizar ambos azúcares simultáneamente, característica 
deseable y poco encontrada en otras levaduras. Fue posible 
la producción de bioetanol por C. intermedia CBE002 a partir 
de hidrolizados ácidos de rastrojo de maíz y residuos de 
mango, con rendimientos de 0.31 y 0.26 g/g de sustrato, res-
pectivamente. Por lo anterior, esta levadura es atractiva para 
ser empleada en la producción de bioetanol 2G y aprovechar 
la gran cantidad de residuos agroindustriales disponibles.
Palabras clave: rastrojo de maíz, residuos de mango, hemi-
celulosa, levaduras fermentadoras de pentosas, bioetanol.

INTRODUCTION
The growing demand for energy, the depletion of fos-

sil fuel sources, and global warming are some of the factors 
which have led to the search of renewable sources of energy. 
This is the case for biofuels such as bioethanol and biodiesel, 
used for transportation and derived from biological materials 
such as sugars, crops, vegetable oils, grain starch, lignocellu-
losic materials, and organic residues (Pandiyan et al., 2019). 
The possibility of producing bioethanol from lignocellulosic 
materials has been studied for more than half a century. It can 
be obtained from lignocellulosic biomass such as agricultural 
wastes, soft woods, hard woods, cellulose wastes, industrial 
by-products, and forest wastes (Chandel and Singh, 2011; 
Viikari et al., 2012). For instance, agricultural residues are raw 
materials that can be obtained on a large scale (Miret et al., 
2016). Within these, straws is the largest primary agricultural 
residue that is generated after the harvest and processing 
of cereal grains such as maize, rice, wheat, barley, among 
others, and represents about 90 % of the plant, making them 
an attractive and low-cost raw material (Ghosh et al., 2017; 
Ge et al., 2017; Tian et al., 2018). Due to the abundance of 
this biomass; its renewable nature, and the fact that it is not 
competing with food production make second-generation 
bioethanol a sustainable alternative to fossil fuels (Chandel 
et al., 2018).
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The most promising characteristic of plant biomass is 
its high polysaccharide content, about 75 %, which is a valua-
ble source of fermentable sugars. Bioethanol can be obtai-
ned from the structural portion of biomass, mostly cellulose 
(40-60 %) and hemicellulose (20-40 %) (Prasad et al., 2015; 
Kaltschmitt, 2018). The process of bioethanol production 
from lignocellulosic biomass requires five sequential steps: 
pretreatment, enzymatic hydrolysis, fermentation, product 
separation, and purification (Mosier et al., 2005).

From the degradation of lignocellulosic biomass, 
whether through physical, chemical, or enzymatic pre-
treatments, it is possible to obtain simple sugars, mostly glu-
cose and xylose, which can be fermented by a large variety of 
microorganisms to produce bioethanol (Rastogi and Shrivas-
tava, 2017). Saccharomyces cerevisiae is the most widely used 
yeast on industry, and the most promising for lignocellulosic 
bioethanol production, due to its great ability to ferment 
glucose, its high tolerance to ethanol, and its resistance to 
inhibitors present in lignocellulosic hydrolysates (Muruaga 
et al., 2016). However, S. cerevisiae is only able to metabolize 
six-carbon sugars such as glucose, but not five-carbon sugars 
such as xylose. Both types of sugars are obtained in ligno-
cellulosic hydrolysates after acid hydrolysis of hemicellulose 
(Van Vleet and Jeffries, 2009; Cai et al., 2012).

Xylose represents about 20-30 % of the lignocellulosic 
material. In order to carry out an efficient conversion of ligno-
cellulosic biomass into bioethanol, the use of pentoses relea-
sed from hemicellulose hydrolysis is of utmost importance. In 
nature, there are about 100 types of microorganisms that can 
metabolize this substrate (Ge et al., 2017; Martins et al., 2018). 
Yeasts from the Candida, Pichia, and Pachysolen genera are 
able to ferment xylose into ethanol, whether aerobically or 
anaerobically. These yeasts require oxygen for their growth 
and are able of producing ethanol in significant glucose 
concentrations (Rastogi and Shrivastava, 2017).

Currently, microbial transformation of pentoses has 
been recognized as one of the main research challenges for 
second-generation bioethanol production technology. Mul-
tiple sugars such as xylose, arabinose, galactose, mannose, 
and glucose are released from hemicellulose degradation 
in the presence of ferulic and acetic acids. There are several 
wild strains such as Pachysolen tannophilus, Pichia stipitis, C. 
tropicalis, and C. shehatae that are unable to ferment five- 
and six-carbon sugars simultaneously. Another challenge is 
to find yeasts that are tolerant to the various disintegration 
products generated from thermal and chemical lignocellulo-
sic biomass pre-treatments, which are limiting factors in the 
fermentation process (Selim et al., 2018). Martins et al. (2018) 
conducted a search for yeasts capable of fermenting synthe-
tic xylose into ethanol, finding the C. tropicalis S4 strain which 
metabolizes 56 g/L of synthetic xylose to produce 6 g/L of 
ethanol. In addition, yeasts of the Candida and Wickerha-
momyces genera are able to ferment sugars obtained from 
hydrolysis of pretreated sugarcane bagasse by steam explo-
sion into ethanol; however, the strains show a preference for 
glucose, by consuming it almost entirely, but not for other 

sugars present in the hydrolysate (Bazoti et al., 2017). Simi-
larly, Pichia kudriavzevii 2-KLP1 yeast is able to metabolize 
sugars obtained from the acid hydrolysate of agroindustrial 
residues such as wheat bran, sugarcane bagasse, rice husk, 
and sawdust (Elahi and Rehman, 2018).

On the other hand, although yeasts capable of fer-
menting xylose do not reach the ethanol production levels 
required for industrial application, they could support future 
studies on genetic modification of microorganism, mainly on 
S. cerevisiae. The search and characterization of genes invol-
ved in xylose metabolic routes, may enable this yeast species 
to simultaneously metabolize glucose and xylose (Novy et al., 
2014; Moysés et al., 2016; Kobayashi et al., 2018). In addition, 
another current trend is the search for microorganisms that 
can use pentoses to produce alternative compounds with a 
high added value in bio-refinery systems of lignocellulosic 
materials, such as xylitol (Santana et al., 2018), organic acids 
(Novy et al., 2018), and isobutanol (Lange et al., 2017), among 
others.

Due to the importance on pentose usage obtained 
from lignocellulosic biomass degradation, the main objecti-
ve of the present work is the isolation of yeasts capable to 
metabolize five-carbon sugars, mostly xylose. In addition, 
we evaluated the metabolic capacity of isolated yeast to 
utilize xylose obtained from the chemical degradation of 
agroindustrial residues (corn stover, wheat straw, and mango 
residues) for second-generation bioethanol production from 
these lignocellulosic substrates.

MATERIALS AND METHODS
Material

The raw material used in this work was sugarcane 
molasses, pineapple peel, mango residues (peels and seeds), 
corn stover and wheat straw collected from Guasave, Sinaloa, 
Mexico and stored at room temperature. The raw material 
was cut into small strips (2-10 mm in length) and stored at 4 
°C until further utilization. All chemicals were reagent grade 
and purchased from Sigma-Aldrich (Saint Louis, USA). 

Isolation and morphological identification of yeasts
Yeast strains were isolated from 150 mL natural sourc-

es (sugarcane molasses, pineapple peel and mango residues) 
supplemented with 1 g/L (NH4)2SO4 and 90 mg/L ampicillin; 
the pH was adjusted to 4.5 using orthophosphoric acid 
(10% v/v). The culture was incubated for 24 h at 30 °C, on an 
orbital shaker at 150 rpm. Samples were serially diluted and 
plated onto agar plates composed of (g/L): glucose as carbon 
source (10), agar (10), and yeast extract (1). Petri dishes were 
incubated at 30 °C for 24 h and pure cultures were spread 
on slanted agar, stored at 4 °C and sub-cultured at regular 
intervals (Ortiz-Zamora et al., 2009).

Microscopic observation of the isolated microorgan-
isms was carried out under methylene blue staining. The 
selected yeasts isolates were evaluated according to the co-
lonial morphology proposed by De Becze, 1956. Yeasts were 
cryopreserved at -70 °C for further analysis.
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Preculture, culture conditions and selection of yeasts
The pre-culture was carried out in a 250 mL Erlenmeyer 

flask with 50 mL liquid mineral medium containing glucose. 
After inoculation, the Erlenmeyer flask was incubated at 30 
°C for 12 h, and stirred at 150 rpm. Once the yeast collection 
was obtained, its growth was evaluated in a minimum cul-
ture medium containing 0.2 % of (NH4)2SO4, 0.5 % KH2PO4, 
0.04 % MgSO4.7H2O and 0.1 % yeast extract, supplemented 
with 5 % glucose (p/v) as carbon source (Ortiz-Zamora et al., 
2009). Isolates were incubated at 30 °C and 150 rpm, pH was 
adjusted to 4.5. The inoculation was 3 x 106 viable cells/mL. 
We selected those yeasts that showed the highest growth 
after 48 h of incubation.

Molecular identification of yeasts
Yeast genomic DNA was extracted using DNAzol 

(DNAzol®, Invitrogen Cat. No. 10503027, Cincinnati, OH, USA), 
following the manufacturer’s recommendations. Genomic 
DNA was suspended in 30 μL of ultrapure water. For DNA 
amplification of the complete internal transcribed sequenc-
es (ITS) of the rDNA region (its1-5.8SrDNA-its2) we used the 
primer sets ITS-1 (5´-TCCGTAGGTGAACCTGCGG-3´) and ITS4 
(5´-TCCTCCGCTTATTGATATGC-3´) (White et al. 1990). PCR was 
conducted in a reaction volume of 25.0 μL that included: 
17.65 μL of ultrapure water, 2.5 μL of buffer, 0.75 μL of 50 μM 
MgCl2, 1.0 μL of each primer (10 μM) , 1 μL 10 mM dNTP mix, 
0.1 μL (1 U) of Taq platinum DNA polymerase (Invitrogen, 
USA), and 1.0 μL of template DNA (10 ng). PCR was performed 
using the following conditions: an initial denaturing step at 
94 ºC for 5 min; subsequently, 30 cycles consisting of 30 s at 
94 ºC followed by 30 s at 60 ºC for annealing and 30 s at 72 ºC 
for extension; and a final extension step of 5 min at 72 ºC. PCR 
products were purified using the QIAquick PCR purification 
Kit (Qiagen®, Cat. No. 28106. Germantown, MD, USA) and 
sequenced bi-directionally. Sequences were compared in the 
Genbank database using the BLAST-N software and the Me-
ga-Blast algorithm (NCBI-National Center for Biotechnology 
Information). The sequences obtained were deposited at the 
GenBank under accession numbers MK630208-MK630212.

Effect of carbon source (glucose and xylose)
The yeasts selected were evaluated in their ability to 

grow in glucose and xylose as a carbon source. Fermentations 
were performed in a basal medium containing (g/L): 1 yeast 
extract, and mineral salts (g/L): 8.0 KH2PO4, 5.0 (NH4)2SO4, 
and 1.0 MgSO4.7H2O (Ortiz et al., 2009). Three culture media 
supplements were evaluated: glucose (100 g/L), xylose (50 
g/L) and a glucose-xylose mixture (50 g/L, ratio 1:1) for the 
five yeast selected. The fermentations were carried out in 
250 mL Erlenmeyer flask with 50 mL of culture medium. The 
inoculation was 3 x 106 viable cells/mL. The temperature in-
cubation was 30 °C and agitation speed was regulated at 250 
rpm at pH 4.5. The fermentation was monitored every 5 h.

Obtaining acid hydrolysates from agroindustrial residues
The agroindustrial residues (corn stover, wheat straw 

and mango residues) were submitted to an acid pretreatment 
to release fermentable sugars; the pretreatment conditions 
were optimized in previous studies of the workgroup. Corn 
stover, wheat straw and mango residues were washed and 
dried at 60 °C for 48 h, then the dry biomass was ground and 
sieved to a particle size of 1 mm (Sieve No18, ASTM Standard). 
Corn stover and wheat straw were pretreated with 1 % H2SO4 
(v/v), liquid-solid ratio (RLS) 10:1 and 45 min reaction at 121 
°C (Sumphanwanich et al., 2008). After pretreatment, the 
sample was filtered, separating the solid phase from liquid 
phase (acid hydrolysates) and kept for further analysis. The 
acid hydrolysate was adjusted to pH 5 with 10 % KOH (w/v).
Obtained sugars were used as a carbon source for alcoholic 
fermentation. On the other hand, the acid pretreatment of 
the mango peel-seed mixture was carried out using 2 % 
H2SO4 (v/v), RLS 10:1 and 30 min of reaction at 121 °C. Simi-
larly, the liquid obtained was use as a carbon source in the 
alcoholic fermentation. The concentration of reducing sugar 
was assayed by 3, 5-dinitrosalicylic (DNS) method (Miller, 
1959). 

Fermentation of acid hydrolysates of agroindustrial resi-
dues

For ethanol production, culture media were elaborat-
ed using the reducing sugar obtained from the acid hydroly-
sate of each of the agroindustrial residues as a carbon source. 
The culture media were supplemented with yeast extract as 
a source of nitrogen and mineral salts, adjusting the pH to 4.5 
(Ortiz-Zamora et al., 2009).

The fermentations were carried out in 250 mL Erlen-
meyer flasks with 50 mL of culture medium at 30 °C and 150 
rpm. The yeasts were inoculated at a concentration of 6x106 
viable cells/mL. Culture samples were taken through the fer-
mentation time, and we quantified yeast growth, substrate 
consumption and ethanol production.

Analytical methods
Yeast growth was followed by measuring the optical 

density (DO) in culture media (620 nm) using a spectropho-
tometer UV-Vis (Thermo Scientific, Waltham, MA, USA), and 
these measurements were correlated to cell dry weight. Cell 
number was counted under the microscope, using a Thoma 
cell counting chamber. Viability percentage was obtained us-
ing the methylene blue staining method (Lange et al., 1993).

The reducing sugar concentration was determined us-
ing the 3,5-dinitrosalicylic acid (DNS) method (Miller, 1959). 
The concentrations of glucose, xylose, acetic acid, xylitol, 
ethanol, HMF, and furfural were measured by HPLC (Waters 
2414) with a Shodex SH1011 column (Shodex, New York, NY, 
USA). The column was maintained at 55 °C, and the mobile 
phase was H2SO4 5 mM with a flow rate of 0.6 mL/min. All 
samples were filtered (0.45 μm membrane) and injected (20 
μL) in refraction index detector (Waters 2414, Milford, MA, 
USA) equipped with automatic sampler. 
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Statistical analysis 
All experiments in this study were performed in tripli-

cate. Results were analyzed by Design Expert and Tukey’s test 
to obtain a detailed comparison between the different treat-
ments. All assays were run with a 95 % level of confidence. 

RESULTS AND DISCUSSION
Yeast isolation and selection

A collection of 161 microorganisms isolated from 
sugarcane molasses, pineapple peels, and corn stover was 
generated. Colonial morphology confirmation on each of 
the isolates agreed with that of yeasts. The 161 yeasts were 
grown in a minimal medium with 5 % glucose (w/v). Only five 
yeast isolates showed OD values (620 nm) above 1, while 97 
% of them showed between 0.1 to 0.8 OD at 48 h of incuba-
tion (Table 1).

Table 1. Yeast selection from different substrates (cane molasses, pineapple 
peel and corn stover).
Tabla 1. Selección de levaduras a patir de diferentes sustratos (melaza de 
caña, cáscara de piña y rastrojo de maíz).

Microorganism 
number

Biomass
(DO 620 nm)

Percent 
(%)

95 0.0-0.2 59

46 0.2-0.4 29

13 0.4-0.6 8

2 0.6-0.8 1

5 0.8-1.0 3

Molecular identification of selected yeasts
The selected yeast isolates were CBE 002, 012, 024, 

obtained from pineapple peel samples, as well as CBE 043 
and 159 from sugarcane molasses. The obtained sequences 
contained the partial 18S rDNA-ITS1-5.8S-ITS2-28S rDNA 
region of the five isolates. BLAST-N analysis revealed that 
sequences from the amplified rDNA region of isolates shared 
100 % of identity with sequences of Candida intermedia 
(KX981200.1; isolate CBE 002; 389 nt), Wickerhamomyces 
anomalus (MG241527.1; isolates CBE 012 and 024; 617 nt), 
and C. parapsilosis (MK268154.1; isolates CBE 043 and 159; 
520 nt), identifying the isolates as belonging to these species 
(Table 2).

A large amount of research has been carried out in 
recent years to genetically modify the S. cerevisiae model 
microorganism for the efficient use of xylose and arabinose 
(Subtil and Boles, 2011; Vilela et al., 2015; Wang et al., 2017; 
Kobayashi et al., 2018), as well as to increase the resistance to 
inhibitors (Smith et al., 2014; Inokuma et al., 2017; Wu et al., 
2017). However, there is little emphasis on microorganisms 
that are able to naturally metabolize pentoses, and even 
more in those that are able to ferment xylose into ethanol. 
Bioethanol is the main focus of the lignocellulosic biomass 
conversion, and to obtain fermentable sugars requires the 

Table 2. Molecular identification of isolated yeasts by the rDNA ITS region 
sequence comparison using the Nucleotide BLAST program (BLAST-N). 
Tabla 2. Identificación molecular de las levaduras aisladas comparando las 
secuencias de la región ITS del ADNr usando el programa Nucleotide BLAST 
(BLAST-N).

Strain
Sequence 

Lengtha

(bp)
Closest relative Homology 

tob 
Identityc 

(%)

CBE002 389 Candida intermedia KX981200.1 100

CBE012 617 Wickerhamomyces 
anomalus MG241527.1 100

CBE024 617 Wickerhamomyces 
anomalus MG241527.1 100

CBE043 520 Candida parapsilosis MK268154.1 100

CBE159 520 Candida parapsilosis MK268154.1 100

a	  Size in base pairs (bp) of the ITS rDNA region (18S rRNA partial, ITS1 
complete, 5.8S rRNA complete, ITS2 complete, 18S rRNA partial) of the 
strains amplified with the universal primers ITS1 and ITS4.

b 	 Sequence with highest homology to our isolates
c 	 Percentage of identical nucleotides in the sequence obtained from the 

ITS rDNA region and the sequence of the closest relative found in the 
GenBank database. 

hydrolysis of cellulose and hemicellulose. The study of yeasts 
that are capable of using pentoses, mainly xylose, becomes 
relevant (Bellasio et al., 2015). Yeast members of the Candida 
genus are widely reported as a xylose fermenter (Schirm-
er-Michel et al., 2008; Martins et al., 2018; Pérez-Cadena et al., 
2018; Shariq and Sohail, 2018), as well as yeasts of the Pichia, 
Kluyveromyces (Mussatto et al., 2012) and Wickerhamomyces 
(Bazoti et al., 2017) genera.

Effect of carbon source (glucose and xylose)
Several types of sugars are present in the lignocel-

lulosic biomass, so the economic profitability of ethanol 
production depends on the use of the maximum amount 
of sugars (Dubey et al., 2016). Assays were carried out to 
measure the growth capacity and sugar consumption of 
the selected isolates (C. intermedia CBE002, W. anomalus 
CBE012, and CBE024, C. parapsilosis CBE043, and CBE159) 
in glucose (100 g/L) and xylose (50 g/L), two of the main 
sugars released during biomass pretreatment. All isolates 
were able to metabolize glucose as a carbon source. Candida 
intermedia CBE002 was the one that showed the highest 
growth at 56 h of incubation, whereas C. parapsilosis CBE159, 
W. anomalus CBE012, and CBE024 showed a similar growth, 
reaching a biomass production of 6 g/L, 50% less than the 
growth reached by C. intermedia CBE002 (Figure 1A). The 
maximum specific growth rates of C. intermedia CBE002 were 
0.15 h-1 in glucose medium and 0.12 h-1 in xylose medium, 
showing that growth in glucose was faster than in xylose. The 
growth specific rate in the other evaluated strain was 2-fold 
lower (μmax=0.06 h-1) than for C. intermedia CBE002 in xylose 
medium (Table 3). Whereas in glucose medium was slightly 
lower (μmax=0.12 – 0.11 h-1). With regards to substrate con-
sumption, C. intermedia CBE002 and C. parapsilosis CBE159 
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Table 3. Effect of carbon source on maximum biomass (Xmax), specific growth rate (μmax), yield (Yx/s) and substrate consumption in five selected 
native yeasts.
Tabla 3. Efecto de la fuente de carbono en la biomasa máxima (Xmax), tasa específica de crecimiento (μmax), rendimiento (Yx/s) y consumo de 
sustrato en las cinco levaduras nativas seleccionadas.

Strain

Glucose (100 g/L) Xylose (50 g/L)

Substrate 
consumption Biomass Yield Substrate 

consumption Biomass Yield

Sglu (g/L) Xmax (g/L) μmax 
(h-1) Yx/s (g/g) Sxyl (g/L) Xmax (g/L) μmax (h-1) Yx/s (g/g)

C. intermedia CBE002 65.52 13.70 0.150 0.21 27.58 9.71 0.125 0.35

W. anomalus CBE012 54.66 6.28 0.123 0.11 20.83 4.64 0.069 0.22

W. anomalus CBE024 50.36 6.25 0.123 0.12 22.82 4.12 0.063 0.18

C. parapsilosis CBE043 43.50 5.38 0.115 0.12 24.32 4.22 0.066 0.17

C. parapsilosis CBE159 72.35 6.55 0.115 0.09 26.07 4.26 0.060 0.16
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Figure 1. Effect of carbon source on biomass production (A) and glucose 
consumption (B) in a basal medium by the five selected native yeast strains.
Figura 1. Efecto de la fuente de carbono en la producción de biomasa 
(A) y el consumo de glucosa (B) en un medio basal por las cinco cepas de 
levaduras nativas seleccionadas. 

strains consumed 65-70 % of glucose (Figure 1B), with C. 
intermedia CBE002 generating a higher biomass yield, 0.21 
g/g of consumed glucose (Table 3). Even when glucose is a 
carbon source that is easy to metabolize for most yeasts, the 
five strains evaluated did not consume the substrate in its 
entirety after 72 h of incubation.

Similarly, yeasts were able to grow in the basal culture 
medium containing xylose as a carbon source, showing a 

slower lag or adaptation phase (24 h) in comparison with the 
medium which contained glucose, at 8 h (Figure 2). Candida 
intermedia CBE002 showed a higher biomass yield (0.35 g/g 
of xylose), and reached a 9.71 g/L biomass at 72 h of incuba-
tion, twice the growth observed in the other selected strains 
(Table 3), similar to the results reported by Martins et al. 
(2018). The authors isolated thirty yeasts which were capable 
of consuming xylose as a carbon source; finding that Pichia 
guilliermondii G1.2 and G4.2 have the maximum biomass 
yield (0.3 g biomass/g xylose). However, we obtained the 
highest biomass productivity (0.13 g/L.h vs 0.09 g/L.h).

On the other hand, assays conducted in a culture 
medium containing a mixture of glucose-xylose (50 g/L) in 
a 1:1 ratio; where C. intermedia CBE002 showed the greatest 
growth, reaching a biomass of 13 g/L after 72 h of incubation, 
followed by C. parapsilosis CBE043 and CBE159, both with 
similar growth profiles, reaching 7.5 g/L (Figure 3). Candida 
intermedia CBE002 was able to consume 80 % of the sub-
strate, whereas the rest of the yeasts metabolized about 60 % 
of the substrate. Yeasts such as Pachysolen tannophilus, Pichia 
stipitis, C. tropicalis, and C. shehatae in their native state are 
not able to simultaneously metabolize pentoses and hexoses, 
as they show a preference for glucose over xylose. This is due 
to a repression mechanism which prevents the use of other 
carbon sources when glucose is available (Gancedo, 1998; 
Selim et al., 2018). This preference for glucose was observed 
in C. parapsilosis and W. anomalus isolated in this study, as 
opposed to that observed in C. intermedia CBE002, as this 
strain consumed both sugars at 72 h of incubation, i.e. it was 
able to metabolize xylose even in the presence of glucose, 
a desirable characteristic for bioethanol production from 
lignocellulosic biomass.

Xylose catabolism occurs by three different metabolic 
routes in microorganisms. Most yeasts, excluding S. cerevisiae, 
uses the oxide-reductive route that involves two reactions. 
The first involves xylose reduction to xylitol by a NAD(P)
H-dependent xylose reductase, secondly xylitol is oxidized to 
5-xylulose by a NADP+- dependent xylitol dehydrogenase. Af-
terwards, 5-xylulose is phosphorylated to 5P-xylulose, which 
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Figure 2. Effect of carbon source on biomass production (A) and xylose 
consumption (B) in a basal medium by the five selected native yeast strains.
Figura 2. Efecto de la fuente de carbono en la producción de biomasa (A) y 
el consumo de xilosa (B) en un medio basal por las cinco cepas de levaduras 
nativas seleccionadas. 

Figure 3. Effect of carbon source on biomass production (A) and consump-
tion of an 1:1 mixture of glucose:xylose (B) in a basal medium by the five 
selected native yeast strains.
Figura 3. Efecto de la fuente de carbono en la producción de biomasa (A) y 
el consumo de una mezcla de glucosa: xilosa, relación 1:1 (B) en un medio 
basal por las cinco cepas de levaduras nativas seleccionadas. 

 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

0 12 24 36 48 60 72 84

B
io

m
as

s (
g/

L
)

Time (h)

0.0

10.0

20.0

30.0

40.0

50.0

60.0

0 12 24 36 48 60 72 84
R

ed
uc

in
g 

su
ga

rs
 (g

/L
)

Time (h)

A

B

will be metabolized by the pentose phosphate route and 
glycolysis, as it occurs in the other metabolic routes (Moysés 
et al., 2016; Kwak and Jin, 2017). Pichia stipitis is capable of 
metabolizing xylose; however, there are restrictions when 
taking the substrate from the medium; the same occurs with 
S. cerevisiae, as it has a natural system of non-specific hexose 
transportation, which shows a low affinity for xylose. How-
ever, C. intermedia can grow well in a medium with xylose, 
as it has a high capacity to transport hexoses and pentoses 
by means of high and low-affinity transporters, through a 
facilitated diffusion mechanism which does not require high 
amounts of energy for substrate uptake, especially under 
scarce ATP production, and low oxygen conditions (Leandro 
et al., 2006). In this study, the most efficient strain in glucose 
and xylose assimilation, Candida intermedia CBE002, was 
selected to carry out fermentation assays from acid hydro-
lysates of different agroindustrial residues. Species members 
of the Candida genus have been reported as capable of fer-
menting xylose, possessing a xylose transportation system 
of high affinity, being tolerant to inhibitors, and producing 
ethanol from xylose (Gárdonyi et al., 2003). This suggest C. 
intermedia CBE002 is a promising strain for the use of sugars 
released from lignocellulosic biomass hydrolysis in ethanol 
production, as well as for the isolation of genes involved in 
the use of xylose as a carbon source.

Fermentation of acid hydrolysates of agroindustrial resi-
dues

Fermentation assays were carried out using C. inter-
media CBE002 in culture media containing sugars obtained 
from the acid hydrolysis of corn stover and wheat straw, and 
mango peel-seed residues. The liquid fraction collected after 
pretreatment with sulfuric acid of the various biomasses was 
used. Fermentation of the acid hydrolysates of corn stover 
was followed through time evaluating substrate consump-
tion, biomass and ethanol production (Figure 4A). The culture 
medium with corn stover acid hydrolysates contained 26.4 
g/L of total sugars, of which 51.5 % (13.6 g/L) is glucose, and 
22.48 % (5.93 g/L) xylose. The biomass production was 11.4 
g/L, depleting the two main carbon sources after 48 h fer-
mentation, with a residual glucose and xylose concentration 
of 1.38 and 0.64 g/L, respectively. This strain consumed 17.62 
g/L of total sugars, which belonged to glucose and xylose, 
so it was unable to metabolize other sugars present in the 
culture medium. As for ethanol production, the strain had an 
ethanol yield of 0.31 g/g of sugar consumed, reaching a 5.32 
g/L concentration at a 24 h fermentation, obtaining a 0.22 
g/L·h volumetric productivity, with a 60 % metabolic process 
efficiency (Table 4). The kinetic profile shows an ethanol 
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which explains the behavior of C. intermedia CBE002, a strain 
that is capable of using ethanol as a carbon source, once the 
main sources have been depleted.

Fermentation of the acid hydrolysates of mango peel-
seed residues was followed by a kinetic profile of substrate 
consumption, biomass and ethanol production (Figure 4B). 
The acid hydrolysate culture medium of the mango peel and 
seed mixture contained 33.57 g/L of total sugars, of which 
48.98 % (17.91 g/L) is glucose, and 17.91 % (6.23 g/L) xylose. 
Candida intermedia CBE002 was able to metabolize both 
carbon sources, leaving 1.82 and 1.63 g/L of residual glucose 
and xylose, respectively, consuming 79.76 % of total sugars. 
Yeast growth was lower than that observed in the corn stover 
acid hydrolysate, with a biomass concentration of 4.34 g/L at 
48 h fermentation. In addition, a lower ethanol yield (0.26 
g/g) was obtained, with a 0.15 g/L·h productivity and a 51 
% process metabolic efficiency (Table 4). In accordance with 
the observations made in the kinetic profile, the lag phase 
is slower than in the acid hydrolysate of maize stubble, and 
there is no decrease in ethanol production at 48 h fermen-
tation. This could be due to the higher sugar concentration 
in the culture medium, since a high sugar concentration 
causes a steady fermentation rate, in addition that the car-
bon source was not completely depleted (Mohd Azhar et al., 
2017). Similarly, small xylitol traces are detected (data not 
showed), which may explain the lower ethanol yield, since it 
is necessary to oxidize xylitol to increase ethanol production 
in the metabolic route of xylose (Selim et al., 2018).

In both kinetic profiles (Figure 4) low ethanol yields (as 
compared to the theoretical ethanol yield of 0.51 g ethanol/g 
of substrate) and a lag or adaptation phase from 16 to 20 h 
were observed. This may be due to the fact that during ligno-
cellulosic biomass pretreatment not only monomeric sugars 
are released, but also other compounds such as organic 
acids, furaldehydes (furfural and 5-hydroxymethyl furfural) 
and phenolic derivatives of lignin hydrolysis. Even when 
these compounds are found in small concentrations, they 
can inhibit the metabolism, extend the lag phase, damage 
cell membranes, and acidify the cytoplasm, reducing in this 
manner the ethanol yield and productivity (Moysés et al., 
2016).

In addition, the fermentation of wheat straw acid 
hydrolysate was carried out. This contained 30.63 g/L of to-
tal sugars, where 54.04 % was glucose, and 30.54 % xylose. 
Although the culture medium had a carbon source available, 
C. intermedia CBE002 was unable to grow in this culture me-
dium (data not shown). There are several factors inhibiting 
growth, as it was mentioned before, toxicity of some chemi-
cals released during acid pretreatment can cause growth and 
cell production inhibition. In the acid hydrolysate of wheat 
straw, we detected a 1.4 g/L concentration of acetic acid, a 
by-product of hemicellulose deacetylation, a chemical com-
pound not detected in acid hydrolysates of corn stover and 
mango peel-seed residues, which suggests that C. intermedia 
CBE002 is inhibited at this acetic acid concentration. The ace-
tic acid from hemicellulose hydrolysis is relatively abundant 

Table 4. Ethanol production and kinetic parameters by C. intermedia 
CBE002 in acid hydrolysates of corn stover, mango residues and wheat 
straw as carbon source.
Tabla 4. Producción de etanol y parámetros cinéticos por C. intermedia 
CBE002 en hidrolizados ácidos de rastrojo de maíz, residuos de mago y 
rastrojo de trigo como fuente de carbono.

Parameters Corn 
stover

Mango 
(seed-peel) Wheat straw

Growth specific rate –μmax (h
-1) 0.28 0.26 0

Sugar consumed (g/L) 17.62 29.17 0

Production (g/L) 5.32 7.42 0

Yield- YEtOH/s (g/g) 0.31 0.26 0

Volumetric productivity-QEtOH 
(g/L·h) 0.22 0.15 0

Conversion efficiency- դ (%)a 60.00 51.00 0

a Theoretical yield for ethanol production defined at 0.51 g/g of 
substrate 
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Figure 4. Kinetic profiles of biomass, substrate consumption and ethanol 
production of C. intermedia CBE002 in acid hydrolysates of corn stover (A) 
and mango seed-peel (B).
Figura 4. Pérfil cinético de biomasa, consumo de sustrato y producción de 
etanol de C. intermedia CBE002 en hidrolizados ácidos de rastrojo de maíz 
(A) y cáscara-semilla de mango (B).

concentration of 4.78 g/L at 48 h fermentation, a lower con-
centration than the one quantified at 24 h. Regardless of the 
carbon source used, yeasts fermenting xylose require oxygen 
for growth, and do not produce enough ATP. Under aerobic 
conditions, even in the presence of xylose, yeasts use the 
ethanol produced as a carbon source to continue producing 
cell mass, CO2, and acetic acid. In this manner, ethanol pro-
duction tends to first increase, followed by a decrease, and 
an increase in biomass yields (Rastogi and Shrivastava, 2017), 
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with regards to other weak acids derived from lignocellulose, 
and has cytotoxic effects on yeast cells at high concentra-
tions (Keating et al., 2006). In order to use this lignocellulosic 
substrate, further studies are required on acid pretreatment 
conditions and detoxification of the hydrolysates obtained.

Several studies have been carried out on bioetha-
nol production from lignocellulosic biomass using yeast 
strains of the Candida genus. Moreno et al. (2019) evaluated 
fermentation by C. intermedia CBS 141442 strain of wheat 
stubble hydrolysates at different percentages in the culture 
medium, obtaining ethanol yields between 0.27 and 0.29 
g/g. These ethanol yields are lower than those obtained in 
this study for the acid hydrolysate of maize stover (0.31 g/g) 
and similar to those obtained for mango peel-seed residues 
for C. intermedia CBE002 yeast. Similarly, they showed that by 
increasing the acid hydrolysate concentration of wheat stub-
ble in the culture medium (50 %), C. intermedia CBS 141442 
was completely inhibited in fermentation. In addition, C. 
pseudointermedia and Wickerhamomyces sp. were able to 
ferment sugarcane bagasse hydrolysates without detoxifi-
cation, obtaining ethanol concentrations of 11 g/L at a 72 
h fermentation, with a 0.15 g/L·h productivity (Bazoti et al., 
2017). This is a lower value than that reported for corn stover 
(0.22 g/L·h), and similar to that obtained in mango peel-seed 
residues in this study. 

Mussatto et al. (2012) carried out fermentations in acid 
hydrolysates of coffee industry wastes as raw materials (cof-
fee silverskin: CS and spent coffee grounds: SCG) for ethanol 
production using S. cerevisiae, P. stipitis, and Kluyveromyces 
fragilis. Saccharomyces cerevisiae and P. stipitis showed the 
same ethanol yield (0.26 g/g). However, ethanol productivity 
(0.49 g/L.h) was higher for S. cerevisiae, suggesting that this 
strain had greater ability for ethanol production from sugar 
present in SCG hydrolysate (glucose, mannose, galactose 
and arabinose). Whereas that for CS hydrolysates, P. stipitis 
showed the faster and highest sugar consumption. This 
behavior may be related to the composition of culture medi-
um. CS hydrolysate contains xylose (20 %), sugar that is not 
present in SCG hydrolysates, and only is metabolized for P. 
stipitis. The ethanol yield and productivity were low (0.11 and 
0.04 g/L.h, respectively) compared to SCG hydrolysate. These 
results are thrice lower than those obtained in our work with 
C. intermedia CBE002 in acid hydrolysates of corn stover and 
mango peel-seed residues.

Candida intermedia CBE002 shows desirable characte-
ristics for the bioethanol production process from lignocellu-
losic biomass, as this strain is able to metabolize glucose and 
xylose simultaneously during fermentation. Also, it produces 
ethanol from agroindustrial wastes, mostly in the acid hydro-
lysate of corn stover, this being a promising lignocellulosic 
substrate for bioethanol production on an industrial scale in 
northern Mexico. In addition, it is able to produce bioetha-
nol from acid hydrolysates of mango by-products, a poorly 
studied raw material with great potential to be used in biore-
fineries. Due to the reported characteristics of CBE002, more 
in-depth studies are needed to understand the physiological 

and genetic importance of yeasts capable of fermenting 
xylose, which could serve as a gene reservoir for genetic 
modification of other microorganisms that do not have these 
characteristics, as well as helping the development of opti-
mal biomass conversion processes, and establishing more 
cost-effective second-generation bioethanol production 
processes. 

CONCLUSIONS
Five yeasts capable of metabolizing glucose and xylo-

se were isolated from agroindustrial residues, molecularly 
identified and evaluated in their ability to grow in glucose 
and xylose as carbon source. C. intermedia CBE002 was the 
most promising strain for use in the fermentation of sugars 
obtained from lignocellulosic biomass degradation, as it is 
able to metabolize five and six-carbon sugars simultaneously, 
a desirable and rare characteristic in other yeast strains. In 
addition, C. intermedia CBE002 was able to produce ethanol 
from acid hydrolysates of corn stover and mango peel-seed. 
The kinetic parameters determined to obtain the best results 
with corn stover as carbon source: ethanol yield (YEtOH/s) of 
0.31 g/g, ethanol productivity (QEtOH) 0.13 g/L.h, and meta-
bolic efficiency of 60 %, making it an attractive strain to be 
used in second-generation bioethanol production from 
these agroindustrial residues, as it can ferment sugars from 
hemicellulose hydrolysis, achieving a more cost-effective 
production process.

ACKNOWLEDGEMENTS
LIBA acknowledges obtaining her Ph.D fellowship 

from the National Council of Science and Technology (Mexi-
co) to study in the Ph.D. program in Biotechnology from the 
Autonomous University of Sinaloa. We thank funding for this 
work through grants SAGARPA-CONACYT No. 291143 and 
Instituto Politécnico Nacional (IPN) SIP 20170347-20180302.

REFERENCES
Bazoti, S.F., Golunski, S., Pereira Siqueira, D., Scapini, T., Barrilli, 

E.T., Mayer, D.A., Barros, K.O., Rosa, C.R., Stambuke, B.U., 
Alves, S., Valério, A., de Oliveira, A. and Treichel, H. 2017. 
Second-generation ethanol from non-detoxified sugarcane 
hydrolysate by a rotting wood isolated yeast strain. 
Bioresource Technology. 244: 582-587. DOI:10.1016/j.
biortech.2017.08.007.

Bellasio, M., Mattanovich, D., Sauer, M. and Marx, H. 2015. 
Organic acids from lignocellulose: Candida lignohabitans 
as a new microbial cell factory. Journal of Industrial 
Microbiology and Biotechnology. 42: 681-691. DOI:10.1371/ 
journal.pone.0202164.

Cai, Z., Zhang, B. and Li, Y. 2012. Engineering Saccharomyces 
cerevisiae for efficient anaerobic xylose fermentation: 
Reflections and perspectives. Biotechnology Journal. 7: 34-
46. DOI:10.1002/biot.201100053.

Chandel, A.K. and Singh, O.V. 2011. Weedy lignocellulosic 
feedstock and microbial metabolic engineering: advancing 
the generation of “Biofuel”. Applied Microbiology and 



86
Volumen XXII, Número 2

Beltrán-Arredondo et al: Biotecnia / XXII (2): 78-87 (2020)

86

Biotechnology. 89: 1289-1303. DOI:10.1007/s00253-010-
3057-6.

Chandel, A.K., Garlapati, V.K., Singh, A.K., Fernandes-Antunes, 
F.A. and da Silva, S. 2018. The path forward for lignocellulose 
biorefineries: bottlenecks, solutions, and perspective on 
commercialization. Bioresource Technology. 264: 370-381. 
DOI: 10.1016/j.biortech.2018.06.004.

De Becze, G.I. 1956. Yeasts: I. Morphology. Applied and 
Environmental Microbiology. 4: 1-12.

Dubey, R., Jakeer, S. and Gaur, N.A. 2016. Screening of natural 
yeast isolates under the effects of stresses associated 
with second-generation biofuel production. Journal of 
Bioscience and Bioengineering. 121: 509-516. DOI:10.1016/j.
jbiosc.2015.09.006.

Elahi, A. and Rehman, A. 2018. Bioconversion of hemicellulosic 
materials into ethanol by yeast, Pichia kudriavzevii 2-KLP1, 
isolated from industrial waste. Revista Argentina de 
Microbiología. 50: 417-425. DOI:10.1016/j.ram.2017.07.008.

Fernández-López, C.L., Torrestiana-Sánchez, B., Salgado-
Cervantes, M.A., Mendoza-García, P.G. and Aguilar-Uscanga, 
M.G. 2012. Use of sugarcane molasses ‘‘B’’ as an alternative 
for ethanol production with wild-type yeast Saccharomyces 
cerevisiae ITV-01 at high sugar concentrations. Bioprocess 
and Biosystems Engineering. 35: 605-614. DOI:10.1007/
s00449-011-0633-9.

Gancedo, J.M. 1998 Yeast carbon catabolite repression. 
Microbiology and Molecular Biology Reviews. 62: 334-361.

Gárdonyi, M., Osterberg, M., Rodrigues, C., Spencer-Martins, I. 
and Hahn-Hägerdal, B. 2003. High capacity xylose transport 
in Candida intermedia PYCC 4715. FEMS Yeast Research. 3: 
45-52. DOI:10.1111/j.1567-1364.2003.tb00137.x.

Ge, J., Du, R., Song, G., Zhang, Y. and Ping, W. 2017. Metabolic 
pathway analysis of the xylose-metabolizing yeast protoplast 
fusant ZLYRHZ7. Journal of Bioscience and Bioengineering. 
124: 386-391. DOI:10.1016/j.jbiosc.2017.04.01.

Ghosh, S., Chowdhury, R. and Bhattacharya, P. 2017. Sustainability 
of cereal straws for the fermentative production of 
second generation biofuels: A review of the efficiency and 
economics of biochemical pretreatment processes. Applied 
Energy: 198: 284-298. DOI:10.1016/j.apenergy.2016.12.091.

Inokuma, K., Iwamoto, R., Bamba, T., Hasunuma, T. and Kondo, 
A. 2017. Improvement of Xylose Fermentation Ability under 
Heat and Acid Co-Stress in Saccharomyces cerevisiae Using 
Genome Shuffling Technique. Frontiers in Bioengineering 
and Biotechnology. 5: 81. DOI:10.3389/fbioe.2017.00081.

Kaltschmitt, M. 2018. Energy from Organic Materials (Biomass). 
In: The Encyclopedia of Sustainability Science and 
Technology. R.A. Meyers (ed.), pp. 1445. Springer Nature, 
Alemania.

Keating, J.D., Panganiban, C. and Mansfield, S.D. 2006. Tolerance 
and adaptation of ethanologenic yeasts to lignocellulosic 
inhibitory compounds. Biotechnology and Bioengineering. 
93: 1196-1206. DOI:10.1002/bit.20838.

Kobayashi, Y., Sahara, T., Ohgiya, S., Kamagata, Y. and Fujimori, 
K.E. 2018. Systematic optimization of gene expression of 
pentose phosphate pathway enhances ethanol production 
from a glucose/xylose mixed medium in a recombinant 
Saccharomyces cerevisiae. AMB Express. 8: 139. DOI:10.1186/
s13568-018-0670-8.

Kwak, S. and Jin, Y.S. 2017. Production of fuels and chemicals 
from xylose by engineered Saccharomyces cerevisiae: a 

review and perspective. Microbial Cell Factories. 16: 82. 
DOI:10.1186/s12934-017-0694-9.

Lange, H., Bavouzet, J.M., Taillandier, P. and Delorme, C. 
1993. Systematic error and comparison of four methods 
for assessing the viability of Saccharomyces cerevisiae 
suspensions. Biotechnology Techniques. 7: 223-228. 
DOI:10.1007/BF02566152.

Lange, J., Muller, F., Takors R. and Blombach, B. 2017. Harnessing 
novel chromosomal integration loci to utilize an organosolv-
derived hemicellulose fraction for isobutanol production 
with engineered Corynebacterium glutamicum. Microbial 
Biotechnology. 11: 257-263. DOI:10.1111/1751-7915.12879.

Leandro, M.J., Gonçalves, P. and Spencer-Martins, I. 2006. Two 
glucose/xylose transporter genes from the yeast Candida 
intermedia: first molecular characterization of a yeast 
xylose-H+ symporter. Biochemical Journal. 395: 543-549. 
DOI: 10.1042/ BJ20051465.

Martins, G.M, Bocchini-Martins, D.A., Bezzerra-Bussoli, C., 
Pagnocca, F.C., Boscolo, M., Alves-Monteiro, D., da Silva, R. 
and Gomes, E. 2018. The isolation of pentose-assimilating 
yeasts and their xylose fermentation potential. Brazilian 
Journal of Microbiology. 49: 162-168. DOI:10.1016/j.
bjm.2016.11.014.

Miller, G.L. 1959. Use of dinitrosalicylic acid reagent for 
determination of reducing sugar. Analytical Chemistry. 31: 
426-428. DOI:10.1021/ac60147a030.

Miret, C., Chazara, P., Montastruc, L., Negny, S. and Domenech, S. 
2016. Design of bioethanol green supply chain: Comparison 
between first and second generation biomass concerning 
economic, environmental and social criteria. Computers 
and Chemical Engineering. 85: 16-35. DOI:10.1016/j.
compchemeng.2015.10.008.

Mohd Azhar, S.H., Abdulla, R., Jambo, S.A., Marbawi, H., Gansau, 
J.A., Mohd Faik, A.A. and Rodrigues, K.F. 2017. Yeasts in 
sustainable bioethanol production: A review. Biochemistry 
and Biophysics Reports. 10: 52-61. DOI:10.1016/j.bbrep. 
2017.03.003.

Moreno, A.D., Carbone, A., Pavone, R., Olsson, L. and Geijer, 
C. 2019. Evolutionary engineered Candida intermedia 
exhibits improved xylose utilization and robustness to 
lignocellulose-derived inhibitors and ethanol. Applied 
Microbiology and Biotechnology. 103: 1405-1416. DOI: 
10.1007/s00253-018-9528-x.

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y., Holtzapple, M. 
and Ladisch, M. 2005. Features of promising technologies 
for pretreatment of lignocellulosic biomass. Bioresource 
Technology. 96: 673-686. DOI:10.1016/j.biortech. 
2004.06.025.

Moysés, D.N., Reis, V.C., Moreira de Almeida, J.R., Pepe de Moraes, 
L.M. and Gonçalves Torres, F. 2016. Xylose fermentation 
by Saccharomyces cerevisiae: challenges and prospects. 
International Journal of Molecular Sciences. 17: 207. DOI: 
10.3390/ijms17030207.

Muruaga, M.L, Carvalho, K.G., Domínguez, J.M., de 
Souza-Oliveira, R.P. and Perotti, N. 2016. Isolation and 
characterization of Saccharomyces species for bioethanol 
production from sugarcane molasses: Studies of scale up in 
bioreactor. Renewable Energy. 85: 649-656. DOI:10.1016/j.
renene.2015.07.008.

Mussatto, S.I., Machado, M.S., Carneiro, L.M. and Teixeira, 
J.A. 2012. Sugars metabolism and ethanol production 



87
Volumen XXII, Número 2

Beltrán-Arredondo et al: Valorisation of agroindustrial residues acid hydrolyzates / XXII (2): 78-87 (2020)

87

by different yeast strains from coffee industry wastes 
hydrolysates. Applied Energy. 92: 763-768. DOI:10.1016/j.
apenergy. 2011.08.020.

Novy, V., Krahulec, S., Wegleiter, M., Müller, G., Longus, K., 
Klimacek, M. and Nidetzky, B. 2014. Process intensification 
through microbial strain evolution: mixed glucose-xylose 
fermentation in wheat straw hydrolyzates by three 
generations of recombinant Saccharomyces cerevisiae. 
Biotechnology for Biofuels. 7: 49. DOI: 10.1186/1754-6834-
7-49.

Novy, V., Brunner, B. and Nidetzky, B. 2018. L-Lactic acid 
production from glucose and xylose with engineered strains 
of Saccharomyces cerevisiae: aeration and carbon source 
influence yields and productivities. Microbial Cell Factories. 
17: 59. DOI: 10.1186/s12934-018-0905-z.

Ortiz-Zamora, O., Cortés-García, R., Ramírez-Lepe, M., Gómez-
Rodríguez, J. and Aguilar-Uscanga, M.G. 2009. Isolation 
and selection of ethanol-resistant and osmotolerant yeasts 
from regional agricultural sources in Mexico. Journal of 
Food Process Engineering. 32: 775-786. DOI:10.1111/j.1745-
4530.2008.00244.x.

Pandiyan, K., Singh, A., Singh, S., Saxena, A.K. and Nain, L. 2019. 
Technological interventions for utilization of crop residues 
and weedy biomass for second generation bio-ethanol 
production. Renewable Energy. 132: 723-741. DOI: 10.1016/j.
renene.2018.08.049.

Pérez-Cadena, R., Medina-Moreno, S.A., Martínez, A., Lizardi-
Jiménez, M.A., Espinosa-Solares, T. and Télez-Jurado, A. 
2018. Effect of concentration of salts in ethanol production 
from acid hydrolysis of cladodes of Opuntia ficus indica var. 
Atlixco. Revista Mexicana de Ingeniería Química. 17: 349-365. 
DOI: 10.24275/uam/izt/dcbi/revmexingquim/2018v17n1/
PerezR.

Prasad, D., Singla, A. and Negi, S. 2015. An overview of key 
pretreatment processes for biological conversion of 
lignocellulosic biomass to bioethanol. 3Biotech. 5: 597-609. 
DOI:10.1007/s13205-015-0279-4.

Rastogi, M. and Shrivastava, S. 2017. Recent advances in 
second generation bioethanol production: An insight to 
pretreatment, saccharification and fermentation processes. 
Renewable and Sustainable Energy Reviews. 80: 330-340. 
DOI:10.1016/j.rser.2017.05.225.

Santana, N.B., Teixeira Dias, J.C., Rezende, P.R., Franco, M., Silva 
Oliveira, L.K. and Oliveira Souza, L. 2018. Production of xylitol 
and bio-detoxification of cocoa pod husk hemicellulose 
hydrolysate by Candida boidinii XM02G. PLoS ONE. 13: 
e0195206. DOI:10.1371/journal.pone.0195206.

Schirmer-Michel, A.C., Hickmann, S., Hertz, P.H., Souza-Matos, 
G. and Zachia-Ayub, M.A. 2008. Production of ethanol 
from soybean hull hydrolysate by osmotolerant Candida 
guilliermondii NRRL Y-2075. Bioresource Technology. 99: 
2898-2904. DOI:10.1016/j.biortech.2007.06.042.

Selim, K.A, El-Ghwas, D.E., Easa, S. and Hassan M.A. 2018. 
Bioethanol a Microbial Biofuel Metabolite; New Insights 
of Yeasts Metabolic Engineering. Fermentation. 4: 16. 
DOI:10.3390/fermentation4010016.

Shariq, M. and Sohail, M. 2018. Application of Candida tropicalis 
MK-160 for the production of xylanase and ethanol. Journal 
of King Saud University DOI:10.1016/j.jksus.2018.04.009..

Smith, J., van Rensburg, E. and Görgens, J.F. 2014. Simultaneously 
improving xylose fermentation and tolerance to 
lignocellulosic inhibitors through evolutionary engineering 
of recombinant Saccharomyces cerevisiae harbouring xylose 
isomerase. BMC Biotechnology. 14: 41. DOI:10.1186/1472-
6750-14-41.

Subtil, T. and Boles, E. 2011. Improving L-arabinose utilization 
of pentose fermenting Saccharomyces cerevisiae cells 
by heterologous expression of L-arabinose transporting 
sugar transporters. Biotechnology for Biofuels. 4: 38. DOI: 
10.1186/1754-6834-4-38.

Sumphanwanich, J., Leepipatpiboon, N., Srinorakutara, T. and 
Akaracharanya, A. 2008. Evaluation of dilute-acid pretreated 
bagasse, corn cob and rice straw for ethanol fermentation 
by Saccharomyces cerevisiae. Annals of Microbiology. 58: 
219-225. DOI: 10.1007/BF03175320.

Tian, S.Q., Zhao, R.Y. and Chen, Z.C. 2018. Review of the 
pretreatment and bioconversion of lignocellulosic biomass 
from wheat straw materials. Renewable and Sustainable 
Energy Reviews: 91: 483-489. DOI: 10.1016/j.rser.2018.03.113.

Van Vleet, J.H. y Jeffries, T.W. 2009. Yeast metabolic engineering 
for hemicellulosic ethanol production. Current 
Opinion in Biotechnology. 20: 300-306. DOI:10.1016/j.
copbio.2009.06.001.

Viikari, L., Vehmaanpera, J. and Koivula, A. 2012. Lignocellulosic 
ethanol: From science to industry. Biomass and Bioenergy: 
46: 13-24. DOI:10.1016/j.biombioe.2012.05.008.

Vilela, L. de F., de Araujo, V.P., Paredes, R. de S., Bon, E.P., Torres, 
F.A., Neves, B.C. and Eleutherio, E.C. 2015. Enhanced xylose 
fermentation and ethanol production by engineered 
Saccharomyces cerevisiae strain. AMB Express. 26: 5-16. DOI: 
10.1186/s13568-015-0102-y.

Wang, C., Zhao, J., Qiu, C., Wang, S., Shen, Y., Du, B., Ding, Y. 
and Bao, X. 2017. Coutilization of D-Glucose, D-Xylose, 
and L-Arabinose in Saccharomyces cerevisiae by 
Coexpressing the Metabolic Pathways and Evolutionary 
Engineering. BioMed Research International. 5318232: 1-10. 
DOI:10.1155/2017/5318232.

White, T. J., Bruns, T., Lee, S. and Taylor, J. 1990. Amplification 
and direct sequencing of fungal ribosomal RNA genes for 
phylogenetics. PCR protocols. 315-322. 

Wu, G., Xu, Z. and Jönsson, L. J. 2017. Profiling of Saccharomyces 
cerevisiae transcription factors for engineering the resistance 
of yeast to lignocellulose-derived inhibitors in biomass 
conversion. Microbial Cell Factories. 16: 199. DOI:0.1186/
s12934-017-0811-9.


