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Bioethanol production of second generation from corn cob

Produccion de bioetanol de segunda generacidn a partir de olote de maiz
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Abstract

Bioethanol production from lignocellulosic
materials has several environmental and
economic advantages. In this work, corn cob was
used to produce ethanol by fermentation. The
cob was grounded, hydrolyzed chemically, and
then enzymatically. Later, hydrolysates were
used as a carbon source to formulate culture
media that were inoculated with Saccharomyces
cerevisiae; hollocellulose content was quantified
by the ASTM D-1104 method; cellulose content
by the TAPPTI 212 method; lignin content by
the NREL / TP-510-42618 method; and ethanol
was quantified by HPLC. In fermentation,
bioethanol yields of up to 3.5 g / L were found,
equivalent to Yps value of 0.46, representing
approximately 90% of the theoretical yield.
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Resumen

La produccion de bioetanol a partir de materiales
lignoceluldsicos  presenta varias  ventajas
ambientales y econdmicas. En este trabajo se
utilizé olote de maiz para producir etanol por via
fermentativa. El olote se molid y se hidrolizé por
via quimica seguida de hidrolisis enzimatica.
Posteriormente, los hidrolizados se utilizaron
como fuente de carbono para formular medios de
cultivo que se inocularon con Saccharomyces
cerevisiae; el contenido de holocelulosa se
cuantifico mediante el método ASTM D-1104,
la celulosa por el método TAPPTI 212 y la
lignina por el método de NREL/TP-510-42618;
el etanol se cuantific6 por HPLC. En la
fermentacion se encontraron rendimientos de
bioetanol de hasta 3.5 g/L, lo que equivale a un
valor de Ypss de 0.46, lo que representa alrededor
del 90% del rendimiento teorico.
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1. Introduction

In the face of the potential crisis due to the
gradual depletion of oil reserves, biofuels are
considered a potential alternative for use in
transportation ~ systems due to  several
advantages, among which are their net balance
close to zero in CO2 emissions, their flexibility
to mix with fossil fuels in different ratios, their
renewable nature, and the fact their production
causes  significantly less  environmental
problems locally (Gnansounou, 2001; Saini et
al., 2015; Cunha et al., 2019).

Bioethanol is a sustainable, renewable
liquid fuel used to replace petroleum-derived
gasolines (Saini et al., 2015; Aditiya et al., 2016;
Cunha et al.,, 2019; Mensah et al., 2021;
Noppawan et al., 2021). This biofuel may be
produced by fermentation from different raw
materials. Bioethanol is classified according to
the type of substrate used; thus, it may be
produced  from  sugars, flours, and
lignocellulosic materials (Saini et al., 2015;
Dong et al., 2021; Patel y Shah, 2021).
Bioethanol produced from lignocellulosic
materials (agro-industrial waste, woods and high
biomass fodder grasses), also known as second
generation bioethanol, is considered an
alternative with a better outlook than its first
generation counterpart (Kelbert et al., 2015;
Barros-Rios et al., 2016; Soares et al., 2017;
Patel and Shah, 2021); it is produced from raw
materials such as sugarcane, maize, wheat,
barley, sorghum, potato and other agricultural
waste (Monteiro, 2010; Saini et al., 2015; Soares
etal., 2017; Munu et al., 2021; Noppawan et al.,
2021).

In order to develop bioethanol
production processes from lignocellulosic
materials it is required to consider the
application of a pretreatment before hydrolysis,
allowing the reduction of materials in physical
size, provoking cellulose and hemicellulose and
guaranteeing that enzymes have better access to
hydrolyze carbohydrates into fermentable sugars
(Kelbert et al., 2015; Aditiya et al., 2016; Cunha
et al., 2019; Noppawan et al., 2021; Patel and
Shah, 2021).

Corn waste, including stubble and cobs,
represents a good alternative for second
generation bioethanol production: corn crops are
abundant and widely distributed geographically,
and it is feasible to grow food and produce
energy simultaneously.
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It has the additional advantage of
reducing greenhouse gas emissions, without the
need of making changes in soil usage for energy
production purposes (Kelbert et al., 2015; Saini
et al., 2015; Dong et al., 2021; Noppawan et al.,
2021).

Corn cob is considered a byproduct of
corn production, with high possibilities for use,
given that for each ton of corn produced, around
170 kg of corn cob are produced. Since this
material contains high amounts of cellulose and
hemicellulose, it is possible to use it for
fermentation production of bioethanol, xylitol,
and other organic compounds (Cordoba et al.,
2013; Mensah et al., 2021).

This work describes the chemical
characterization of the principal components of
corn cob produced in the Cofre y Valle de Perote
region, as well as the evaluation of the enzymatic
hydrolysis process (with and without treatment),
and finally, the use of hydrolysates for
bioethanol fermentation.

2. Materials and methods
2.1 Raw material obtention

Corn cob was collected from the 2017 harvest in
the Valle y Cofre de Perote region. Corn cobs
were crushed in a hammer mill (Azteca). The
material was then stored in 20 Kg sacks and
passed through a 500-micron sieve (Montinoz).
Finally, the material was dried at 60°C at a
constant weight and stored in 5.1 L plastic
containers until use.

2.2 Determination of biomass components

For the determination of extractable compounds
15 g simples were used; they were refluxed in
acetone for 5 h and triple rinsed with distilled
water. Extractables content was determined by
the weight difference before and after extraction.
Holocellulose content was quantified by the
ASTM D-1104 method; cellulose content was
quantified by the TAPPTI 212 method; and
lignin was quantified by the NREL/TP-510-
42618 method.

2.3 Hydrolysis pretreatment of corn cob flour

Corn cob samples were subjected to three
different pretreatments in autoclave at 121°C for
40 min.
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In the first pretreatment, an alkaline
solution (NaOH al 8%) was used; in the second
pretreatment, an acidic solution (H2SO4 al 2%)
was used; in the third pretreatment, only distilled
water was used. A 1:20 bagasse:solution (W/V)
ratio was used in all pretreatments. After
pretreatment, simples were filtered, bagasse was
triple rinsed with distilled water and dried in a
stove at 60°C for 24 h; the liquid fraction was
neutralized with HCI (0.1N) or NaOH (0.1N),
and sugar concentration was determined by the
DNS method (Miller, 1959).

For enzymatic hydrolysis, the pre-treated
bagasse simples were suspended in a sodium
acetate buffer with pH 4.8 (50 mM), at a 1:8
bagasse and acetate buffer ratio (W/V).
Hydrolysis was conducted using a commercial
cellulase complex (Cellulase 10XL, Enziquim),
at 1% ratio at 55°C for 3 h.

2.4 Fermentation

Hydrolysates obtained were supplemented with
0.3% ammonium phosphate and inoculated with
a Saccharomyces cerevisiae culture (1 x10°
cel/mL) in log phase, in 250 mL beakers.
Cultures were incubated at 25°C in a rotary
shaker (120 rpm) for 48 h. During fermentation,
sugar consumption was followed through
quantification of residual glucose in the medium
using the GOD-GOP method (Trinder) and
determination of ethanol concentration by
HPLC, under the conditions listed in Table 1.

Parameter Condition |
Method Isocratic

Column Shodex SH 1011
Mobile phase H2SO04, 5 mM
Injected sample | 20 pL

Detector Refractive index
Flow rate 0.6 mL/min

Table 1 Conditions under which glucose identification
and quantification by HPLC was conducted
Source: The Authors

3. Results and discussion
After crushing the corn cobs a fine off-white

flour was obtained, with a pleasant aroma, easily
suspended in water (Figure 1).
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Figure 1 Appearance of corn cob flour used for bioethanol
production
Source: The Authors

According to Zabel et al. (2017) and
Martinez (2015), corn cob has a high cellulose
concentration, ranging between 42-45%. The
results obtained in the characterization of this
component showed values slightly lower than
previously reported; hemicellulose was found
within the range reported in prior studies (35 to
39%) and lignin was slightly higher than
expected (14-15 %; Table 2).

Component Content in bagasse g/g

Cellulose 382 +12
Hemicellulose 378 +18
Hollocellulose 761 +53
Lignin 223+ 17
Extractables 129 + 07

Table 2 Corn cob components
Source: The Authors

Even though sugar concentrations
obtained in the chemical pretreatment with
diluted acid were higher with diluted sugars
(Table 3), it was observed that the final yield
after enzymatic hydrolysis is higher when
alkaline solutions are used, under the same
process conditions. In general, it is recognized
that diluted acid solutions hydrolyze mainly
hemicellulose and partially cellulose (Saini et
al., 2015; Aditiya et al., 2016; Dong et al.,
2021); thus, it is possible this is the reason why
yields are higher with this treatment. Under these
conditions, it was not possible to hydrolyze more
carbohydrates during enzymatic hydrolysis,
indicating lignin removal is absent, therefore
access of cellulose enzymes to the substrate is
limited.
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On the other hand, alkaline solutions
remove lignin and hemicellulose and increase
exposed surface area (Aditiya et al., 2016; Dong
et al., 2021). This characteristic allowed
hydrolyzation of a higher amount of cellulose
after enzymatic treatment. The maximum yield
of reducing sugars was 19.81% when using
alkaline pretreatment and enzymatic hydrolysis
with cellulase enzymes.

Pretreatment Corn cob yield mg AR/g Total yield
After After Corn %
pretreatment™ enzymatic cob mg
hydrolysis* AR/ g
Diluted acid 173.65 0 173.65 | 17.36
22.45
Alkaline 57.55+6.93 151.24 + 196.13 | 19.81
17.93
No 0 5591+ 55.91 5.59
pretreatment 2.22

Table 3 Corn cob components (* Average of 5 repetitions)
Source: elaborated by the authors

Bioethanol vyields with corn cob
hydrolysates fermentation was up to 3.5 g/L
(Figure 2), which is equivalent to a 0.46 Ypss
value, representing around 90% of the
theoretical yield. These results match those
reported by Sanchez y Cardona (2005) regarding
ethanol production by fermentation.

16 -+ Y,

™ @ Ciharo

Ethanol (g/L)

Glucose {g/L)

15

Time (h)

Figure 2 Sugar consumption and bioethanol production
from corn cob hydrolysates
Source: The Authors

Dong et al., (2021) reported on corn husk
fermentation, for which they hydrolyzed the
material with acid and enzymes prior to
fermentation, and obtained butanol yields of 9.5
g/L, with 35.7 g/L initial concentration.
However, in this case, they were able to
hydrolyze a higher amount of hemicellulose,
leaving a higher amount of fermentable sugars.
Mensah et al., (2021) associated low ethanol
production to inhibitors developed after
hydrolysis, in their study they obtained 0.045
L/kg of ethanol, using corn husks as substrate.
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5. Conclusions

Corn cob lignocellulosic biomass yielded values
close to 40%, allowing to obtain up to 19.81% of
fermentable sugars, using an alkaline biomass
pretreatment and later through enzymatic
hydrolysis with a cellulose. These hydrolysates
proved to be appropriate for bioethanol
production and reached yields in fermentation
close to the theoretical maximum (90%).
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