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SUMMARY

The energy produced from biomass is an opportunity, not only
to minimize the greenhouse effect, but also to reduce the depen-
dence on fuel oil by diversifying the energy matrix. This study
evaluates the production of bioethanol through the use of broken
rice grains. To achieve this, the concentration of starch in the
broken grain samples was quantified. Subsequently, the milled
rice was hydrolyzed and fermented. Hydrolysis was performed
with a-amylase and glucoamylase, and the yeast Saccharomyces

cerevisiae was employed for the fermentation. The samples were
analyzed by high-performance liquid chromatography (HPLC).
The analysis indicated an average starch concentration of 80.1%
in the broken rice. As a result of hydrolysis, a 70% conversion
of starch to glucose was obtained. The entire content of gluco-
se was converted to ethanol, yielding 29.2g of ethanol per 100g
of broken rice grains. We conclude that the use of this residual
feed crop material is promising to produce bioethanol.

Introduction

Bioenergy production is an
environmental and economic
benefit, and Brazil has experi-
ence and worldwide recogni-
tion in this area. The country
has demonstrated the viability
of the large-scale production of
ethanol (Pereira et al., 2012).

Sustainable use of agricultur-
al biomass will be necessary in
the future, and there is a large
diversity of vegetable raw ma-
terials used in the industry,
food processing and others
(Gonzalez-Salazar et al., 2014;
Aditiya et al., 2016). This will
contribute to the decentraliza-
tion of biofuels production and
is attractive to the economy of
the regions, considering the use
of regional productive capaci-
ties and the waste or by-prod-
ucts of different sources of
agricultural or industrial pro-
duction. Among the fuels,
bioethanol stands out for hav-
ing great potential to boost re-
gional economy.

Ethanol can be produced
from any polysaccharide that
contains sugars or starches,
even when structured in larger
molecules. Sugar-based raw
materials, such as sugar cane,
are commonly used in Brazil
and in other countries and
represent the biomass most
widely used for the production
of ethanol (Teetor ef al., 2011;
Dias et al., 2015; Gumienna
et al., 2016; Moraes et al.,
2016). Starchy materials such
as corn, cassava, sweet potato,
potato, wheat and rice can
also be raw materials used to
produce ethanol in high yield
(Shanavas et al., 2011; Zhang
et al., 2013; Cinelli et al.,
2015), and cellulosic materi-
als, which after pretreatment
and saccharification, can also
be used for alcohol production
(Ishola et al., 2015; Tewfik
et al., 2015; Ko et al., 2016).

Regarding the potential use
of rice for bioethanol produc-
tion, it is important to consid-
er that the annual grain pro-

duction is ~606x10%. In this
scenario, Brazil contributes
with 13,140,900t (2.17% of
world production) and stands
out as the only non-Asian
country among the 10 largest
producers (FAO, 2015). The
largest consumption of rice is
as food in the form of grains
that can be cooked or fried,
sake and extruded snack foods
(Juliano, 2016).

Rice is an excellent source
of energy. Due to its high
concentration of starch, rice is
suitable for the production of
bioethanol (Kennedy, 2002;
Chu-Ky et al., 2016). Typica-
lly, ethanol production is an
exothermic reaction in which
51.14g of ethanol and 48.86g
of CO, are generated from
100g of glucose fermentation,
which represent the theoretical
100% ethanol yield (Fujieda
et al., 2012).

The southern region of
Brazil accounts for about 80%
of the country’s rice produc-
tion. The state of Rio Grande

do Sul, the largest national
producer, yields over 65% of
the harvested grain, with an
average productivity of 7500
kg-ha!. This is well above the
national average, which is of
4500kg-ha'! (IRGA, 2015).
New varieties of rice have
been studied as energy sourc-
es. Some of these varieties
have characteristics different
from those required for human
consumption, such as that
known as giant rice, which is
hardy but adaptable to the soil
and climatic conditions in
southern Brazil. Another
source is broken rice or grits,
which comes from industrial
waste processing of grains
(Carvalho et al., 2012;
EMBRAPA, 2015). In 2008,
broken rice accounted for 14%
of rice production (Limberger
et al., 2009). The use of this
waste, which is rich in starch,
is mainly as animal feed and
may contain contaminants
such as rice husks, barnyard-
grass seeds (Equinocloa spp.)
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PRODUCCION DE BIOETANOL A PARTIR DE GRANOS DE ARROZ ROTOS
Rosana de Cassia de Souza Schneider, Célio Seidel Junior, Franccesca Fornasier, Diego de Souza y Valeriano Antonio Corbellini

RESUMEN

La energia producida a partir de biomasa es una oportuni-
dad no solo para minimizar el efecto invernadero, sino para
reducir la dependencia de los combustibles fosiles por medio
de la diversificacion de la matriz energética. Este estudio eva-
lua la produccion de bioetanol por medio del uso de granos
de arroz rotos. Inicialmente fue cuantificada la concentracion
de almidon en diversas muestras de granos. Subsecuentemente,
el arroz molido fue hidrolizado y fermentado. La hidrolisis fue
realizada con un complejo enzimdtico conteniendo actividades
de a-amilasa y glucoamilasa. Para la fermentacion se utilizo la

levadura Saccharomyces cerevisiae. Las muestras de los cul-
tivos fueron analizadas por cromatografia liquida de alta efi-
ciencia (HPLC). El andlisis indico una concentracion media de
almidon de 80,1% (p/p) en los granos de arroz rotos. Como re-
sultado de la hidrdlisis se obtuvo la conversion del 70% de al-
midon a glucosa. En la fermentacion, toda la glucosa fue con-
vertida estequiométricamente en etanol, obteniéndose 29,2g de
etanol por 100g de granos de arroz rotos. Por tanto, se cons-
tato que el arroz residual de la produccion de alimentos puede
ser utilizado para la produccion de bioetanol.

PRODUCAO DE BIOETANOL A PARTIR DE GRAOS QUEBRADOS DE ARROZ
Rosana de Cassia de Souza Schneider, Célio Seidel Junior, Franccesca Fornasier, Diego de Souza e Valeriano Antonio Corbellini

RESUMO

A energia produzida a partir de biomassa é uma oportuni-
dade ndo somente para minimizar o efeito estufa, mas também
para reduzir a dependéncia dos combustiveis fosseis através
da diversificagdo da matriz energética. Este estudo avalia a
produgdo de bioetanol mediante a utiliza¢do de grdos quebra-
dos de arroz. Inicialmente foi quantificada a concentragdo de
amido em diversas amostras de grdos. Subsequentemente, o
arroz moido foi hidrolisado e fermentado. A hidrdlise foi re-
alizada com um complexo enzimadtico contendo atividades de
o-amilase e glucoamilase. Para a fermentagdo se utilizou le-

vedura Saccharomyces cerevisiae. As amostras dos cultivos
foram analisadas por cromatografia liquida de alta eficiéncia
(HPLC). A andlise indicou concentragdo média de amido de
80,1% (p/p) nos grdos quebrados de arroz. Como resultado da
hidrolise se obteve a conversao de 70% de amido para glico-
se. Na fermentagdo, toda a glicose foi convertida estequiome-
tricamente em etanol, obtendo-se 29,2g de etanol por 100g de
grdos quebrados de arroz. Por tanto, foi constatado que o ar-
roz residual da produg¢do de alimentos pode ser utilizado para
a produgdo de bioetanol.

and angiquinho (A4eschinomene
spp.) (Irineo et al., 2007).

This study aims to analyze
an alternative for the produc-
tion of bioethanol fuel in the
state of Rio Grande do Sul,
through the use of broken rice
and waste from the rice pro-
duction system not intended for
human consumption.

Methodology

The rice used in the experi-
ments consisted of 50kg of pol-
ished white broken rice grains,
types 3 and 4. The samples
were ground in a hammer mill
to form a flour. Particle size
was determined through the use
of a sieve shaker with intermit-
tent beats (APBIH7 - PHD
equipment) using sieves of 28,
32, 48, 60, 100 and 200 mesh.

Starch content was deter-
mined by mass difference after
the removal of proteins. To re-
move the proteins 15g of the
sample were mixed with 6

volumes of NaOH 0.16% and
allowed to stand for 24h. The
remaining solid was collected
and mixed again with the same
basic solution. The procedure
was repeated until the biuret
test (1ml of the supernatant
over 4ml of biuret solution)
showed no positive signs for
the presence of proteins (Zaia
et al., 1998). The reduction of
proteins in the supernatant was
observed after about six wash-
es, when the color the solution
changed from the initial purple
to blue.

Hydrolysis / Saccharification

For the liquefaction and sac-
charification an a-amylase
(trade name Liquozyme Supra
2.2X) obtained from Bacillus
licheniformis, and the exo-1,4-
a-D-glucosidase enzyme (glu-
coamylase; 1,4-0-D-glucan glu-
cohydrolase; commercially
known as AMG 300L) obtained
from Aspergillus niger were
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used. The methodology fol-
lowed the basic instructions
provided by the product manu-
facturer, which contained infor-
mation on the temperature opti-
mization and enzyme concen-
tration to be applied in the hy-
drolysis (Novozymes, 2008).
The hydrolysis experiments
were performed with a 5% load
(w/v) in aqueous medium with
controlled pH levels. Initially,
the sample was pretreated by
boiling for 0.5h. Hydrolyses
were conducted in a water bath
under stirring, at pH 6, for 2h,
with a-amylase at concentra-
tions of 0.378 and 1.134 KNU
(a-amylase units with activity
of 300 KNU/g) at 70 and 90°C.
Afterwards, the pH was adjust-
ed to 4.5 and the temperature
changed to 50 and 60°C, and
second enzyme was added at
concentrations of 0.45 and 0.75
AGU (amyloglucosidase units
with activity of 300 AGU/ml).
The second stage was also con-
ducted for 2h in a water bath

under stirring. Samples were
taken at regular time intervals
for sugar analysis using high
performance liquid chromatog-
raphy (HPLC).

Fermentation

After saccharification of the
samples, the hydrolyzate was
fermented with Saccharomyces
cerevisiae (Angel Thermal
Resistance Alcohol Yeast) with
the purpose of producing
bioethanol, according to the
methodology of Vancov et al.
(2015). Fermentation was per-
formed in 100ml autoclaved
bottles, to which 50ml of the
filtered hydrolyzate, 0.1g
monobasic potassium phos-
phate, 0.025g of yeast extract
and 0.05g magnesium sulfate
were added. The vials were
autoclaved at 121°C for 30min.
After cooling, 0.25g of yeast
was added, and the containers
were incubated in a shaker
(Marconi, MA420) at 30°C and
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100rpm for 24h. Samples were
taken at regular time intervals
for sugars and bioethanol deter-
mination by HPLC.

Sugars and bioethanol
determination

The identification and quan-
tification of sugar and bioetha-
nol were conducted on a high
performance liquid chromato-
graph (Shimadzu) with refrac-
tive index detector (RID-A10),
RHM (H"Monosaccharides)
column (300x7.8mm). The
analysis was conducted at 85°C
using an ultrapure water flow
of 0.6ml-min’! as the mobile
phase, i.e., a maximum pressure
of 210kg-cm? and analysis time
of 20min. The volume injected
sample was Sul. The samples
were previously centrifuged at
14,100rpm in a centrifuge
(Mini Spin - Eppendorf) and
filtered through a 0.45um filter
(Chromafil Xtra - RC 45/25).

Statistical analysis

Statistical analysis of the
data was performed using the
Kruskal-Wallis test and Assistat
Software version 7.7 Beta.
Choosing the test was based on
comparing groups, with data
being categorical, non-paramet-
ric, ordinal, unpaired, indepen-
dent and with a population >2.

Results and Discussion
Hydrolysis

The hydrolysis was conducted
with a broken rice sample that
showed 80.1 £1.2% of starch.
These starch contents were close
to those found by Frei et al.
(2003) for whole grain rice
(74.12%), polished white rice
(87.58%) and polished parboiled
rice (85.08%). The starch con-
tent was regarded as the total to
be converted in the hydrolysis
to glucose. The broken rice
sample was hydrolyzed with
two enzymes in sequence as
shown in Table I.

According to de la Hera
et al. (2013) a-amylase affinity
for native starches from rice
flour is dependent on the parti-
cle size of starch. The particle
size diminishes when milled
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TABLE I
HYDROLYSIS OF BROKEN RICE EMPLOYING A-AMYLASE AND GLUCOAMYLASE
IN SEQUENCE, AT DIFFERENT CONCENTRATIONS AND TEMPERATURES (N=3)

. a-Amylase Glucoamylase Conversion into glucose
Experiment — — o
Temp. (°C)  Activity (KNU) Temp. (°C)  Activity (AGU) (%0)
1 70 0.38 50 0.45 422 a
2 70 1.13 50 0.45 47.8 ab
3 90 0.38 50 0.45 44.0 ab
4 90 1.13 50 0.45 46.8 ab
5 70 038 50 0.75 46.7 ab
6 70 1.13 50 0.75 48.5 ab
7 90 0.38 50 0.75 51.6 ab
8 90 1.13 50 0.75 49.7 ab
9 70 0.38 60 0.45 44.5 ab
10 70 1.13 60 0.45 44.5 ab
11 90 0.38 60 0.45 46.5 ab
12 90 1.13 60 0.45 474 ab
13 70 0.38 60 0.75 45.0 ab
14 70 1.13 60 0.75 48.6 ab
15 90 0.38 60 0.75 46.3 ab
16 90 1.13 60 0.75 509 b

a and b= indicate similarity between results.

and the enzyme actions are fa-
vored due to the exposure and
superficial interaction between
starch and enzyme. For this
reason, the broken rice samples
were milled in a hammer mill
and evaluated for particle size
distribution. Particle size distri-
bution of rice flour showed
mainly two particle size frac-
tions: 500-300pum and 300-
200pum, comprising 75.9 and
21.9%, respectively, of the total
mass of milled broken rice.
These particle size ranges are
close to those used by Gohel
and Duan (2012a) and lower
than that used by Gohel and
Duan (2012b), and are the ones
that are applied to facilitate
gelatinization of the starch.

According to Syahariza et al.
(2013), when the starch is heat-
ed, granule gelatinization oc-
curs, which breaks the hydro-
gen bonds of the molecule, and
disintegrates the semi-crystal-
line grain structure. Conse-
quently, the starch molecules
are susceptible to the activity
of the enzymes, which have
easier access to the inside of
the granules.

Thus, preliminary studies de-
fined the hydrolysis tempera-
ture according to the enzyme
manufacturer’s directions and
the condition of thermal pre-
treatment of the rice to gelati-
nize and facilitate the hy-
drolysis (Amaral et al., 2007;
Denardin and da Silva, 2008).

The reaction temperatures of
the first enzyme (a-amylase)
were pre-tested to optimize the
proper temperature for the lig-
uefaction of starch. The result
of these tests showed a better
uniformity of the sample before
the addition of the enzymes, at
the boiling point of water.
Table I shows that experiments
with the first enzyme at 90°C
exhibited a higher conversion
as compared to the experiments
conducted at 70°C. However,
there was no improvement in
yield, involving the effect of
the temperature on the second
enzyme, when compared at
50°C and 60°C. Both compari-
sons were made in the same hy-
drolysis conditions, except for
the change in temperature.
Moreover, there are indications
that the effect of the concentra-
tion on the two enzymes influ-
ences the yield of the hydrolysis.
However, these performance im-
provements are not significant.
Statistical analysis showed
that, considering as a null hy-
pothesis (HO) that the treat-
ments come from the same
population and at the level of
5% probability, rejecting HO
and with H and H-crit defined,
there were two large groups
with similarities among the 16
entries in the experimental de-
sign. Of the statistical analysis
of multiple comparisons, only
experiments 1 and 16, which
are the extremes of concentra-

tion and temperature in the ex-
perimental design, are signifi-
cantly different. Thus, for the
continuity of the experiments,
experiment 7 was selected,
since it apparently showed a
higher conversion to glucose
(51.6%). This hydrolysis condi-
tion was carried out with the
lowest concentration of o-amy-
lase and the highest concentra-
tion of glucoamylase, which
can be an important factor in
ensuring a higher conversion of
starch to glucose, since the ef-
fect of the enzymes to form
glucose complement each other.
This reaction condition, al-
though not significantly differ-
ent from other conditions stud-
ied, was chosen for the produc-
tion of bioethanol.

The results found are due to
the a-amylase action, which
hydrolyzes starch to disaccha-
rides, transforming polysaccha-
rides by breaking a-1,4-glyco-
sidic and glucoamylase bonds
which hydrolyses a-1, 4 and
the a-1,6 bonds in the liquefied
starch. Thus, rice starch, which
is equivalent to glucose bound
by a-1,4-linked, is liquefied
and saccharified by amylases
(Fujieda et al., 2012).

The ratio of sugars along
the hydrolysis at controlled pH
can be seen in Figures 1 and
2. The conversion of glucose
was mainly observed after the
addition of the glucoamylase.
It is noted that the hydrolysis
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Figure 1. Relationship of disaccharides formed by the hydrolysis with

a-amylase at pH 6.
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Figure 2. Relationship of the compounds formed in the hydrolysis with
a-amylase (pH 6) and glucoamylase (pH 4.5) in sequence.

rate depended on the type of
bond broken and the size of
the polysaccharide chain; for
example, a-1,4 bonds are hy-
drolysed faster than o-1,6
bonds; and therefore, maltotri-
ose and maltose formed in the
first stage tend to be hydro-
lyzed at a lower rate than the

larger oligosaccharide (Denar-
din and da Silva, 2008;
Jonathan et al., 2015; Jonathan
et al., 2016). In this regard, it
is noted in Figure 1 that the
compounds formed in the hy-
drolysis with a-amylase do not
include glucose and form
mainly maltose.
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In Figure 2 it can be seen
that with the addition of glu-
coamylase, glucose was for-
med, it being understood that
this enzyme performs the
breaking of disaccharides such
as maltose. However, being
free of transglicosidade activi-
ty, this enzyme may cause the
formation of isomaltose and
panose by transferring glucose
molecules in o-1,4 to o 1,6-
position, which may result
in lower yields of reaction
(Novozymes, 2002). In some
experiments carried out in a
buffered medium at the indi-
cated pH for each enzyme, the
conversion was shown to
decrease.

Whereas the addition of buf-
fer in the medium can be a
determining factor for the eco-
nomic viability of the process,
pH was adjusted to 6 and 4.5
for the o-amylase and glucoam-
ylase, respectively, with the aid
of a phosphoric solution. The
results are shown in Figure 3
and correspond to the tempera-
tures and enzyme concentra-
tions according to experiment 7
of Table I. In this condition, a
higher conversion of starch to
glucose was observed. No buf-
fer was used.

The maximum conversion
achieved was 70% within Sh of
hydrolysis, in which the entire

disaccharide content had been
converted into glucose. Fur-
thermore, it was observed that
the average conversion of starch
to glucose at the time of addi-
tion of the glucoamylase was
5.2% and after 1h it reached
48.7% of glucose. The particle
size of broken rice flour can be
a factor that hinders the com-
plete conversion of starch to
glucose, since the larger sample
fraction is 500-300um.

The relationship between glu-
cose and maltose during hy-
drolysis (Figure 3) is also a fac-
tor which shows that the con-
version rate was high. It was
observed that the addition of
glucoamylase in the medium
nearly quadrupled the formation
of glucose from maltose, pass-
ing a ratio of 0.42 to 1.51.
These results are consistent with
those of Surmely et al. (2001)
with a yield of 110%, due to
the formation of dextrose, which
also corresponds to the percent-
age of water molecules entering
the starch chains.

As for the activity of en-
zymes for hydrolysis, Yamada
et al. (2011) suggest that, com-
pared with other raw materials,
the activity of amylase and glu-
coamylases are high in whole
grain rice. Since broken rice is
from polished rice, there are no
benefits from metals that aid in

—0— Glu/Mal

——Glu

Glucose/Maltose
N
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. S—
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Figure 3. Conversion (%) of starch present in broken rice into glucose,
by employing o-amylase (90°C / 0.38 KNU / pH6) and glucoamylase
(50° C / 0.75 AGU / pH4.5) in sequence, and the relationship between
the content of glucose and maltose along hydrolysis employing a-amylase
and glucoamylase enzymes in sequence (n = 6).
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stabilizing the a-amylase, as
noted by the author.

High conversions can also be
found at temperatures and from
various starchy raw materials.
In these cases, capital and op-
erational costs are approximate-
ly 41% and 51% lower, respec-
tively. For rice, 51% of hydro-
lysis efficiency with pancreatic
a-amylase and glucoamylase
from A. niger (37 C, pH 6.0,
24h) has been reported (Cinelli
et al., 2015).

Fermentation

Fermentation was carried out
from the broken rice hydrolyza-
te and the results were shown
in Figure 4. For 100g of initial
biomass, 29.2¢g of ethanol were
obtained, corresponding to a
yield of 104% of bioethanol
produced from glucose. After
6h of fermentation, the glucose
concentration reached near zero
from total consumption, and the
formation of the maximum con-
centration of ethanol was
reached at 16h. Sugar was to-
tally converted to bioethanol by
yeast through the glycolytic
pathway (Fujieda et al., 2012).

The conversion of bioethanol
into glucose reached the theo-
retical yield. The conversion
percentage found was compara-
ble to those in other studies of
rice. According to Fujieda et al.

(2012) a yield of 89.5% etha-
nol was possible from rice, and
Saga et al. (2010) reached effi-
ciencies of 95 and 90% yields
in hydrolysis and fermentation,
respectively, in a high-yield
rice plant.

It is interesting that the limit-
ing step in ethanol production is
not fermentation, but saccharifi-
cation of starch. For fermenta-
tion there is no formation of
inhibitors and saccharification
conduces to glucose production,
sugar used for the production of
ethanol by the yeast selected in
the relation previously presented
at 0.51 (ethanol / glucose).

To make improvements, it is
still possible to change the pro-
cess to make it more sustain-
able and economically compet-
itive, employing some innova-
tions such as fermentation with
the removal of ethanol in situ,
through a stripping column and
immobilization of yeast cells
(Bai et al., 2008).

Conclusion

We conclude that broken rice
can be used as an alternative
for the production of bioetha-
nol. The conditions to produce
bioethanol from broken rice
were optimized with the use of
two enzymes, a-amylase (90°C
/ 0.38 KNU / pH 6) and glu-
coamylase (50°C / 0.75 AGU /
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Figure 4. Glucose and bioethanol curve in the fermentation of broken

rice hydrolyzate.
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pH 4.5). The optimized condi-
tions led to 70% conversion of
starch to glucose and some di-
saccharides. The hydrolyzed
starch was fully converted into
ethanol (104% theoretical yield).

The results obtained at labo-
ratory-scale are promising if
applied at a pilot scale, which
could assess the economic fea-
sibility of using broken rice for
the production of bioethanol.

It is emphasized that this
proposal looks to diversify the
production of biofuel in rice-
producing regions, as the vol-
ume of broken rice is large and
bioethanol production may lead
to profits for rice producers and
promote decentralization in en-
ergy production.
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