
 
 

 

 
Abstract—The use of biomass as feedstock for the production of 

fuels and other chemicals of interest is an ever growing accepted option 
in the way to the development of biorefinery complexes. In the 
Mexican state of Sinaloa, a significant amount of residues from corn 
crops are produced every year, most of which can be converted to 
bioethanol and other products through biotechnological conversion 
using yeast and other microorganisms. Therefore, the objective of this 
work was to take advantage of corn stover and evaluate its potential as 
a substrate for the production of second generation bioethanol (2G), 
enzymes and xylitol. To produce bioethanol 2G, an acid-alkaline 
pretreatment was carried out prior to saccharification and 
fermentation. The microorganisms used for the production of enzymes, 
as well as for the production of xylitol, were isolated and characterized 
in our work group. Statistical analysis was performed using Design 
Expert version 11.0. The results showed that it is possible to obtain 2G 
bioethanol employing corn stover as a carbon source and 
Saccharomyces cerevisiae ItVer01 and Candida intermedia CBE002 
with yields of 0.42 g and 0.31 g, respectively. It was also shown that 
C. intermedia has the ability to produce xylitol with a good yield (0.46 
g/g). On the other hand, qualitative and quantitative studies showed 
that the native strains of Fusarium equiseti (0.4 IU/mL - xylanase), 
Bacillus velezensis (1.2 IU/mL – xylanase and 0.4 UI/mL - amylase) 
and Penicillium funiculosum (1.5 IU/mL - cellulases) have the capacity 
to produce xylanases, amylases or cellulases using corn stover as raw 
material. This study allowed us to demonstrate that it is possible to use 
corn stover as a carbon source, a low-cost raw material with high 
availability in our country, to obtain bioproducts of industrial interest, 
using processes that are more environmentally friendly and 
sustainable. It is necessary to continue the optimization of each 
bioprocess. 
 

Keywords—Biomass, corn stover, biorefinery, bioethanol 2G, 
enzymes, xylitol. 

I. INTRODUCTION 

ORN stover (CS) is an abundantly available lignocellulosic 
agricultural biomass around the world. Nowadays, CS is 

either incorporated into agricultural soils or burned, causing 
environmental pollution problems. This lignocellulosic 
biomass is not yet used for the production of products of 
biotechnological interest. CS is mainly composed of: lignin (15-
25%), hemicellulose (20-40%), cellulose (30-50%) [1]-[3]. Due 
to its abundance and low cost, CS is a promising source of raw 
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material for the production of bioenergy, enzymes, feedstock, 
etc. 

In order to give value to agricultural residues and reduce 
environmental pollution, it is necessary to carry out a 
pretreatment since lignocellulosic biomass is a complex, rigid 
and difficult to hydrolyze structure. This important process 
helps to reduce the recalcitrance of the molecule and increases 
the availability of cellulose for subsequent enzymatic 
hydrolysis [4], [5]. Moreover, pretreatment allows the release 
of simple sugars from cellulose and hemicellulose, which can 
be used to obtain products of commercial importance. 

Obtaining products such as: chemicals, food, enzymes and 
biofuels from lignocellulosic biomass can be done by 
extraction, chemical extraction or degradation. In 1990 the term 
biorefinery appeared, and it was defined as "a facility that 
integrates biomass conversion processes and equipment to 
produce fuels, energy and chemicals from biomass" [6]. In this 
sense, it is important to study and evaluate raw materials with 
high availability for their potential transformation into products 
of commercial interest. 

There are many studies that indicate that 2G bioethanol is 
considered a potential alternative biofuel to gasoline of fossil 
origin, and it can be produced from agricultural residues such 
as CS [3], [7]. 

Over the last decades, the study of the application of enzymes 
at an industrial level has increased. In particular, in the area of 
biofuels (second generation bioethanol production: from agro-
industrial waste), enzymes are essential during the 
saccharification process, that is, during the obtaining of 
fermentable sugars for their subsequent transformation into 
bioethanol, as well as in the production of xylitol, which can be 
obtained as a co-product of obtaining 2G bioethanol, by using 
the hemicellulosic fraction of the process. In the aquaculture 
area, the use of enzymes such as: amylases, xylanases, 
proteases and cellulases is of utmost importance to improve 
animal nutrition, facilitating their digestion and favoring the 
growth and quality of the organism [8]. Enzymes can be 
obtained from any living being. However, the use of enzymes 
produced by microorganisms via fermentation is preferred, 
because they have certain advantages: high yields, possibility 
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of modification and optimization, low cost of culture media, 
rapid growth of microorganisms, etc. [9]. 

Cellulases are a group of three enzymes (endo-glucanases, 
exo-glucanases and β-glucosidases) that act synergistically to 
hydrolyze cellulose, the main component of lignocellulosic 
biomass, and obtain second generation bioethanol [2], [10]. 
Xylanases are a class of hemicellulolytic enzymes that are 
necessary for the hydrolysis of the β-1,4 xylan present in 
lignocellulosic material. Xylanases are enzymes that have taken 
great interest due to their potential application in industry, as 
well as in the use of agro-industrial waste, improvement of 
feeds made from lignocellulosic material, clarification of juices 
and wines and bleaching in the paper industry [11]. Amylases 
are important in biotechnological applications, such as in the 
food, fermentation, detergent, pharmaceutical, textile and 
beverage industries [12]. Due to an extensive distribution of 
lignocellulosic matter, there is a great variety of 
microorganisms capable of producing enzymes, among which 
the genuses of: Trichoderma, Penicillium, Aspergillus and 
Bacillus, amongst others stand out [13]. On the other hand, 
xylitol is a five-carbon sugar with applications in the 
pharmaceutical, nutraceutical and food industries [14]. The 
biotechnological conversion of xylose to xylitol offers a more 
accessible alternative in terms of energy and process costs, 
since it is carried out at lower temperatures and pressures than 
in production by chemical synthesis [15]. In addition, it is 
possible to use lignocellulosic hydrolyzed substrates for its 
production, acid hydrolysates obtained during the 2G 
bioethanol production process being an example. 

For the above, the objective of this work was to evaluate the 
potential of corn residues as raw material for the production of 
2G bioethanol, xylitol and enzymes using isolated 
microorganisms in the work group. 

II. MATERIALS AND METHODS 

A. Material 

CS was obtained from the northern region of Sinaloa, 
Mexico. It was collected from the remnants in the soil during 
the grain harvest. The material was washed with distilled water 
to remove dust, dried at 60 °C for 72 h, crushed and sieved to a 
particle size of 1 mm using a blender and lastly, stored in an 
airtight bag at room temperature for later analysis. 

B. Pretreatment of Biomass 

Sulfuric acid (H2SO4) was used for acid pretreatment. Glass 
flasks containing 10 g of dry material (10% w/v) and 1% H2SO4 
were autoclaved at 121 °C for 60 min. After the hydrolysis, the 
reaction mixture was cooled to room temperature. The 
recovered samples were centrifuged and filtered. The 
supernatant was subjected to a total reducing sugars analysis 
using dinitrosalicylic acid (DNS) method [16].  

C. Preculture and Culture Conditions 

Pre-inoculums were made in a 250 mL Erlenmeyer flask 
containing 50 mL of mineral medium and glucose. After 
inoculation, they were incubated at 30 ºC for 12 h, at a shaking 
speed of 150 rpm. After the incubation time, cells were 

transferred to a growth media made using 5% glucose and 
mineral salts as substrate: (NH4)2SO4 - 0.2%, KH2PO4 - 0.5%, 
MgSO4.7H2O - 0.04% and Yeast extract 0.1% 17. The culture 
conditions were 30 ºC, 150 rpm and pH 4.5. The inoculum was 
3 X 106 cells/mL. All experiments were done in duplicate. 

D. Ethanol and Xylitol Production 

To evaluate the ethanol production using CS as raw material, 
the yeasts Saccharomyces cerevisiae Itver-01 [18] and Candida 
intermedia CBE002 [19] isolated by our working group were 
used. The fermentations were performed in a minimal medium 
containing mineral sales and yeast extract [17] and 
supplemented with pretreated CS in Erlenmeyer flasks (50 mL 
of culture medium). The inoculum was 3 X 106 cells/mL, at a 
shaking speed of 150 rpm and a pH of 4.5. Samples were taken 
periodically. 

To evaluate the production of xylitol, the acid hydrolysates 
of CS were used as raw material as well as the yeast C. 
intermedia CBE002. The procedure followed was the same as 
for ethanol production. 

E. Enzyme Production 

For the production of enzymes, strains from the collection of 
microorganisms of the Laboratory of Bioenergetics of the IPN 
CIIDIR Sinaloa were used. The strains evaluated were: 
Penicillium funiculosum, Bacillus velezensis and Fusarium 
equiseti. 

Enzyme production was carried out in submerged 
fermentation (SF) and CS was used as the sole carbon source 
(1%). SF was performed in 250 mL Erlenmeyer flakes 
containing 50 mL of basal medium, with pH adjusted to 5 prior 
to sterilization (15 min at 121 °C). The inoculated flasks were 
then incubated for 5 days at 30 °C and 200 rpm. 

Cellulase activity: Extracellular cellulase activity of 
microorganisms was evaluated on Congo red plates [20]. The 
agar plate was prepared with carboxymethyl cellulose (1% w/v) 
and agar (2% w/v). After solidification, wells were formed 
aseptically. The wells were filled with supernatant sample and 
incubated at 30 °C for 24 h. Then plates were stained with 1% 
w/v Congo red solution for 15 min and discolored with 1M 
NaCl for 15 min. 

CMCase activity: CMCase activity was determined 
according to [21] with some modification by incubating 0.25 
mL of the assay mixture containing 0.20 mL of 1% CMC in 
acetate buffer, pH 5.0 and 0.05 mL of enzyme extract at 50 °C 
for 50 min. Enzyme and substrate blanks were simultaneously 
incubated with the samples. The reaction was stopped by 
adding 0.250 mL of DNS reagent, followed by 5 min boiling. 
After cooling, the absorbance was read at 540 nm using glucose 
as a standard, following, the protocol reported by [16].  

Xylanase activity: The xylanolytic activity was determined 
by the hydrolysis of 1% beechwood xylan (w/v) at 50 ºC in 0.05 
M sodium citrate buffer at pH 5. The reaction mixture was 
incubated at 50 ºC in a thermoblock for 10 min. Subsequently, 
250 μl DNS were added and incubated at 100 °C for 10 min, the 
reaction was put on ice and read in a spectrophotometer at 550 
nm. A xylose standard curve was used [22]. 
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Amylase activity: The activity of α-amylase was determined 
by the DNS method [16]. The reaction contained the following: 
200 μl of 0.05 mM sodium acetate buffer at pH 5 plus 0.5% 
(w/v) of hydrolysis of 1% starch (w/v) as substrate, 50 μL of 
enzyme extract from a dilution 1: 4, the reaction mixture was 
incubated at 50 °C for 20 min. Subsequently, 250 μL DNS were 
added and incubated at 100 °C for 10 min, the reaction was put 
on ice and read in a spectrophotometer at 540 nm. A D-glucose 
standard curve was used. 

One unit of enzyme activity was defined as the amount of 
micromoles of glucose liberated per milliliter of enzyme 
solution in one minute. 

F. Analytical Techniques 

The supernantant was stored at -20 ºC until analysis. 
Glucose, xylose, ethanol and xylitol were analyzed using a High 
Performance Liquid Chromatography (HPLC) System (Waters, 
Milford, MA, USA) using a Biorad Aminex HPX-87H column 
(BioRad Laboratories, Inc., Hercules, CA, USA) 17.  

III. RESULTS AND DISCUSSION 

A. Production of Bioethanol 2G 

The production of second generation bioethanol involves 
three fundamental processes: pretreatment, enzymatic 
hydrolysis and fermentation. In this work, bioethanol 2G was 
obtained using corn stubble pretreated with 1% H2SO4 and 4% 
hydrogen peroxide, commercial cellulases (Cellitec-3) were 
used for saccharification and the S. cerevisiae ItVer01 strain 
was used for fermentation. The results obtained show that it is 
possible to produce bioethanol from CS as raw material. Yields 
of 0.42 g/g were obtained and with a metabolic efficiency 
greater than 80%. Regarding the production of bioethanol using 
yeast C. intermedia CBE002, yields of 0.31 g/g and a process 
efficiency of 60% were obtained (Table I). 

Various studies indicate that CS is a widely studied raw 
material for the production of bioethanol. Different 
concentrations and types of acids and alkalis during the 
pretreatment stage have been evaluated, obtaining process 
efficiencies between 83% and 91% [23], [24]. 

 
TABLE I 

BIOETHANOL PRODUCTION BY S. CEREVISIAE ITVER01 AND C. INTERMEDIA 

CBE002 USING CS AS RAW MATERIAL 

Parameters S. cerevisiae Itver01 C. intermedia CBE002 

Sugar consumed (g/L) 15.29 18.52 

Production (g/L) 8.24 6.21 
Yield (g 

ethanol/biomass) 
0.42 0.31 

Conversion efficiency 
(%) 

82.11 60.0 

B. Production of Enzymes 

The integral production of enzymes within a biorefinery 
could contribute to reduce the production costs of a bioprocess. 
Enzymes such as cellulases, xylanases and amylases are widely 
used commercially, in food, wine, beverages, textiles, and 
biofuels industries to mention some [8]. A large number of 
microorganisms including bacteria and fungi have been 

reported as enzyme producers using fermentations [25]. 
The production of enzymes using CS as substrate took place 

in 250 mL flasks (50 mL culture media) inoculated with the cell 
or spore suspension followed by incubation at 30 °C at 150 rpm. 
The microorganisms evaluated were: B. velezensis, F. equiseti 
and P. funiculosum. These strains were previously isolated and 
characterized in synthetic media in our working group. First, 
enzymatic assays were performed at a qualitative level. Fig. 1 
shows the presence of enzymatic activities in the evaluated 
microorganisms. 

 

 

Fig. 1 Qualitative determination of enzyme production by three 
microorganisms from the IPN-CIIDIR Sinaloa collection. Cellulases 
(P. funiculosum), Xylanases (F. equiseti and B. velezensis), amylases 

(B. velezensis) 
 

Secondly, the enzymatic activities of cellulases, amylases 
and xylanases were determined, following the previously 
mentioned methodologies. Fig. 2 shows that the B. velezensis 
strain is capable of producing xylanases and amylases (1.2 and 
0.4 IU/mL). While the F. equiseti strain has the capacity to 
produce 0.4 IU/mL and P. funiculosum (1.5 IU/mL). The results 
show that the production of enzymes using the same carbon 
source is different and depends on the growth conditions of the 
microorganism, the culture medium used and the type of 
fermentation, among others [26]. 

 

 

Fig. 2 Production of enzymes in SF using CS as the only carbon 
source 

 
In general, cellulase production can be induced and affected 

by the nature of the substrate used in fermentation. That is why 
the choice of substrate is important [26]. Differences in enzyme 
concentrations in various studies can be attributed to the use of 
different materials, cultural practices, microorganisms and 
toxic products obtained from the hydrolysis process [27]. 

cellulases            xylanases              amylases
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C. Xylitol Production 

Xylitol is a sugar alcohol naturally present in fruits and 
vegetables in small concentrations, and therefore its extraction 
is not commercially scalable. It is a product of interest in the 
food and pharmaceutical industry mainly [28]. Pentoses 
fermentation by microorganisms for the production of xylitol is 
an environmentally friendly alternative that can be carried out 
in less severe conditions than those used in the chemical process 
[29]. 

The production of xylitol was carried out using the acid 
hydrolysates from the CS pretreatment process and the yeast C. 
intermedia CBE002. The results are shown in Fig. 3. The strain 
CBE002 reached a xylose consumption of 99% with respect to 
the initial substrate at 36 h of fermentation, producing 9.04 g/L 
of xylitol in the same time, this corresponds to a process yield 
of 0.46 g/g. These results are similar to those reported by Bedö 
et al. [30]. 

IV. CONCLUSION 

Sinaloa is the largest corn producer in Mexico, its residues 
are not used in a sustainable way; therefore, this work showed 
that it is possible to use lignocellulosic residues of corn for the 
production of 2G ethanol, xylitol and enzymes. Future studies 
of optimization of production technologies are required to 
improve the yields and productivity of each process. 

 

 

Fig. 3 Sugar consumption from CS acid hydrolysates and xylitol 
production by C. intermedia CBE002 
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