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ABSTRACT
There is an increase in researches to create alternative fuels through the use of biomass and
agroindustrial lignocellulosic residues. The present study proposes the use of rice bran as source
of energy with the potential to enhance bioethanol production. Using different concentrations of
cells (1-5 g.L–1) and rice bran (2.5-7.5 g.L–1) with Saccharomyces cerevisiae, a factorial design 22
was carried out. The nutrient source provided by rice bran affects the substrate conversion in
product (Yp/s) response in a quadratic form, but its linear form showed no significant effect
(α = 0.05). When it comes to means, the best results were obtained for 12 h and for fermentation
medium 2 (23.320 g.L–1 of ethanol), which contained the highest rice bran concentration and
the lowest initial cell concentration. Medium 3, consisting of 2.5 g.L–1 and 5 g.L–1 of rice bran
and cells, respectively, showed the lowest Ks (4.434 g.L–1).
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1. INTRODUCTION
Minimizing the use of fossil fuels is a great desire of
modern society, both to reduce pollution and to find new
alternatives for renewable fuels. Among the numerous
alternative sources of energy, those from lignocellulosic
biomass has been investigated, especially for its potential
to produce biofuels (Sharma et al., 2017). The global
biofuel utilization accounted for 10% of the world energy
consumption and 80% of the total renewable energy
production (Guo et al., 2015).
In this context, the bioethanol stands out as a
renewable source through the use of biomass as raw
material. It is considered a renewable and sustainable
liquid fuel that offers several advantages over conventional
fossil fuels such as higher octane number (108), broader
ﬂammability limits, higher ﬂame speeds and increased
heats of vaporization (Arenas-Cárdenas et al., 2017). It is
also less toxic, readily biodegradable and produces lesser
airborne pollutants, when compared to conventional fuels
such as gasoline (Azhar et al., 2017). The main way of
bioethanol production is trough fermentation process
by microorganisms such as yeasts.
For the alcoholic fermentation, the most popular
microorganism used is Saccharomyces cerevisiae yeast,
as it rapidly converts sugars into alcohol, organic acids
and carbon dioxide, and is tolerant to high ethanol
concentrations (Mohd Azhar et al., 2017). Moreover,
nutrient supplementation in the fermentation stage
optimizes yeast growth and increases ethanol production
(Zabed et al., 2017). One possible supplement for the
fermentation process is the rice bran, a by-product of
the rice processing industry composed by 15% proteins
and 47% carbohydrates, possible fermentable sugars,
justifying the high interest in their use in processes such
as fermentation (Favaro et al., 2017).
Based on these considerations, the present work
aimed to evaluate the influence of rice bran and initial
cell concentration in the fermentation process using
Saccharomyces cerevisiae. This work also aimed to define
the kinetic parameters using the Monod’s model applying
the linearized form of Hanes-Woolf.

2. MATERIALS AND METHODS
2.1. Preparation of rice bran extract
For each liter of ultrapure water (Thermo Scientific
Smart2Pure), 200 g of rice bran was added, and the
mixture autoclaved at 111 °C for 15 min (Prismatec CS‑75).
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The mixture was then centrifuged (FANEM Excelsa
2206) at 3000 rpm for 15 min and, while still hot, the
supernatant was separated and reserved in sterile
Erlenmeyer’s flasks.

2.2. Microorganism and culture conditions
In the preparation of the inoculum for fermentation,
the yeast Saccharomyces cerevisiae, isolated from a
brewing process, was grown in a 125-mL Erlenmeyer
containing 50 mL of medium (40 g.L–1 of glucose, 10 g.L–1
of rice bran, 2 g.L–1 yeast extract, 3 g.L–1 of peptone and
0.1 g.L–1 of calcium chloride). After 24 h, the solution
was centrifuged at 2000 rpm for 15 min, the supernatant
was withdrawn, and the cells resuspended for further
addition to the fermentative medium.

2.3. Dry weight curve
To monitor cell growth, a dry weight curve was
prepared by cultivating the Saccharomyces cerevisiae
cells in a 500-mL Erlenmeyer flask containing 200 mL
of medium (40 g.L–1 of glucose, 10 g.L–1 of rice bran,
2 g.L–1 of yeast extract, 3 g.L–1 of peptone and 0.1 g.L–1 of
calcium chloride). This solution was then autoclaved and
cooled. The incubation was carried out under agitation
(200 rpm) using a shaker (Marconi MA139/CFT) at
30 °C for 24 h.
An aliquot of 5 mL, in duplicate, of each Erlenmeyer
was collected and vacuum filtered in a cellulose acetate
membrane (Sartorius) with 0.22 μm and diameter
13 mm, washed with saline solution 0.38% w/v NaCl.
The membranes were weighed to determine the retained
biomass. Finally, the membranes were placed in the
oven at 60 °C and weighed every 24 hours until the
value was stabilized.
In a 15-mL falcon tube 10 mL of the inoculum
was added and centrifuged for 15 min at 3000 rpm.
The supernatant was discarded and the remaining
material resuspended with 10 mL of saline solution in
the vortex (KASVIbasic K45-2810). The resulting solution
was diluted to different concentrations for further
analysis on the UV-Vis spectrophotometer (Shimadzu
UV 3600). With the respective concentrations, the
absorbance was determined using a wavelength of
620 nm. Given the absorbance values, a calibration
curve was constructed by correlating the concentration
with the sample absorbance.
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2.4. Experimental design
To evaluate the influence of the factors in the
fermentation process, a simple factorial design (22)
with two factors, concentration of rice bran and cell
concentration, and two central points were used.
The experiments were defined according to Table 1.
Statistical analysis was performed using the Statsoft
Statistica® v13.2 program, using the experiment analysis
tool with a level of significance α = 0.05.

2.5. Batch fermentation
In a 125-mL Erlenmeyer flask, 50 mL of the
fermentation medium was prepared (40 g.L–1 of glucose,
1 g.L–1 of calcium chloride, rice bran extract and cell
concentration according to the experimental design).
The temperature was maintained at 30 ± 2 °C, under
constant stirring of 200 rpm, for 72 hours in a shaker.
Aliquots of the system were collected at the regular
intervals of 12 hours.
Once collected, the absorbance was measured and
the aliquots were centrifuged at 2000 rpm for 15 min,
reserving the supernatant for further analysis in high
performance liquid chromatography (Shimadzu
LC-20A Prominence).

2.6. Kinetics of fermentative process
The kinetic study of the process correlates the
formation of the product of interest with the nutrients
consumption. Since ethanol formation cannot occur
without the presence of cells, it is expected that the
microorganism growth and the product formation
are closely related (Papapetridis et al., 2018). Among

the most used mathematical models is the equation
developed by Monod (1949), which describes the effect
of limiting growth as a function of the specific growth
rate. For the model in question, the cell growth rate
can be expressed according to Equation 1.
dX µmax S
=
X
dt K s + S

(1)

In which X (g.L–1) corresponds to the cellular
concentration, S (g.L–1) to the substrate concentration,
Ks (g.L–1) is the constant of Monod and μmax (h–1) is
the specific rate of maximum growth. The Monod’s
constant is the limiting nutrient concentration for which
the growth rate is half the maximum growth rate and
represents the organism affinity for the nutrient. Both
the value of Ks and μmax depend on the microorganism,
limiting nutrient, fermentation medium and factors such
as temperature and pH (Lerkkasemsan & Lee, 2018).
For cases where the substrate concentration is
much higher, it is more convenient to consider the
Hanes-Woolf form of the Monod’s equation. For this
mathematical model, the cell growth rate is related to
the substrate concentration as described by Equation
2 (Fogler, 2009).
Cc
Ks 1
1
=
+
dX µmáx Cs µmáx
dt

(2)

The parameters μmax and Ks can be obtained from the
linear adjustment between the ratio of cell concentration
(Cc) and cell growth (dX/dt) versus the inverse of the
substrate concentration (Cs), being associated with
the linear and angular coefficient of the obtained plot,
respectively (Fogler, 2009).

Table 1. Concentration of rice bran extract and cells in each medium.
Parameters
Rice bran concentration (g.L–1)
Cell concentration (g.L–1)

-1
2.5
1

Range and levels (coded)
0
5
3

+1
7.5
5

Media

Rice bran
concentration (g.L–1)

Cell
concentration (g.L–1)

1
2
3
4
5
6

-1
+1
-1
+1
0
0

-1
-1
+1
+1
0
0
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2.7. Determination of acetic acid, cellobiose,
ethanol, glucose, and glycerol
The samples resulting from the fermentations media
were filtered on cellulose acetate membrane. The aliquots
were diluted and analyzed using the following conditions:
Supelco Analytical C-610H column, maintained at
45 °C; volume of injection of 20 μL; refractive index
detector RID 10-A; 5 mM H2SO4 as mobile phase and
eluent, with a flow of 0.6 mL/min.
The ethanol yield based on the substrate consumption,
Yp/s (g.g–1), and the volumetric productivity, Qp (g.L–1.h–1),
were calculated by Equations 3 and 4, respectively:
Yp / s =

Qp =

P − P0
S0 − S

P − P0
t

(3)
(4)

Where P is the ethanol concentration at a specific
time (g.L–1), P0 is the initial ethanol concentration
(g.L–1), S is the glucose concentration at a specific time
(g.L–1), S0 is the Initial glucose concentration (g.L–1)
and t is the time.

3. RESULTS AND DISCUSSION
3.1. Batch fermentation
The fermentation media were monitored for
72 h and the parameters cell concentration (g.L–1) –
obtained by the dry weight curve (R2 > 0.99) –, ethanol
concentration (g.L-1), Yp/s (g.g–1) and Qp (g.L–1.h–1),
measured at regular intervals of 12h. The obtained
data are shown in Table 2. For all fermentation media,
glucose consumption was greater than or equal to 73%.
In general, fermentation medium 2 (1 g.L–1 of cell and
7.5 g.L–1 of rice bran) presented higher values of Yp/s
and Qp when compared to the other media. Moreover,
the higher values of substrate conversion in product
and volumetric production rate were observed for
12 hours, when compared to the other times.
The presence of cellobiose was observed and
remained constant and equal to 5 g.L–1 throughout the
fermentation process for all the fermentation media,
not being consumed by the microorganism. This sugar
was possibly obtained by the partial hydrolysis of
cellulose present in the rice bran (Sakimoto et al., 2017)
and was also observed by Arokiasamy et al. (2016).
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The production of glycerol was also observed in all
the fermentation media elapsed 12 h of the process,
being the greatest quantity obtained for the medium 4,
in which there was the addition of 7.5 g.L–1 of the rice
bran extract. The presence of acetic acid was considered
insignificant since all the obtained values were below
0.5 g.L–1 and did not interfere with the yield of the
fermentation. Previous articles have shown that only
for concentrations above 5 g.L–1 (Hoyer et al., 2013)
the presence of this compound may cause inhibitory
effect, reducing Yp/s and consequently Qp.
Fermentation medium 2, which contained
7.5 g.L–1 of rice bran and 1 g.L–1 of cells, had the highest
concentration of ethanol after 12 h of fermentation
(23.320 g.L–1), consuming 85% of the present glucose,
and a mean of 18.337 g.L–1, considering 72 h of the
process. For medium 3, consisting of 2.5 g.L–1 and
5 g.L–1 of rice bran and cells, respectively, the obtained
values were 21.060 g.L–1 of ethanol after 12 h and
a glucose consumption of 85%, in addition to an
average of 18.975 g.L–1, considering 72 h after the
beginning of the fermentation. The obtained value
was higher than that observed in the study developed
by Arokiasamy et al. (2016), where the maximum
concentration of obtained ethanol was 12.5 g.L–1,
using the same yeast and substrate of this study, after
48 hours of fermentation. For all the fermentation
media, the ethanol concentration starts to drop from
12 hours of fermentation on. This fact can be justified
either via the ethanol consumption by the yeast itself
when the substrate concentration was low (Silva et al.,
2011), or the ethanol evaporation, phenomenon also
observed by Siepmann et al.(2018) after 12 hours of
fermentation.
The profiles of glucose, ethanol production, and
cellular concentration during the fermentations for the
media 2 and 4, which presented the highest and lowest
mean of Yp/s (0.44, 0.26 g.g–1) and Qp (0.56, 0.34 g.L–1.h–1),
respectively, are shown in Figure 1. Similar values
were obtained by Favaro et al. (2017), who evaluated
the fermentative process of rice bran with two wild S.
cerevisiae strains and obtained a mean of 0.475 for Yp/s.
Glucose consumption as well as cell growth showed
similar behavior for both media. A high affinity of
the microorganism was observed with the substrate
since its consumption was approximately 89% in the
first 12 hours of fermentation. For the fermentation
medium 2, where there was a higher concentration of

1
2
3
4
5
6

Medium

Time (h)

1
2
3
4
5
6

Medium

Time (h)

7.310
7.100
7.150
7.890
6.843
6.470

Cell
concentration
(g.L–1)

3.647
4.217
5.608
5.150
4.820
4.690

Cell
concentration
(g.L–1)

48

19.140
19.050
18.910
17.790
19.175
16.970

Ethanol
(g.L–1)

20.655
23.320
20.830
20.960
21.270
18.530

Ethanol
(g.L–1)

12

0.457
0.474
0.333
0.294
0.304
0.570

Yp/s
(g.g–1)

0.538
0.577
0.420
0.384
0.383
0.480

Yp/s
(g.g–1)

0.317
0.319
0.177
0.187
0.212
0.210

Qp
(g.L–1.h–1)

1.394
1.633
0.868
1.011
1.023
0.970

Qp
(g.L–1.h–1)
20.280
19.640
21.060
20.020
20.540
20.650

0.473
0.504
0.434
0.382
0.337
0.640

9.710
7.810
7.380
9.100
8.336
8.310

16.630
13.570
16.550
9.920
15.070
16.830

0.389
0.312
0.247
0.036
0.183
0.567

60
Cell
Ethanol
Yp/s
concentration
(g.L–1)
(g.g–1)
–1
(g.L )

7.440
7.430
8.100
7.790
7.290
7.210

24
Cell
Ethanol
Yp/s
concentration
(g.L–1)
(g.g–1)
–1
(g.L )

0.212
0.164
0.102
0.018
0.101
0.170

Qp
(g.L–1.h–1)

0.681
0.663
0.444
0.466
0.481
0.570

Qp
(g.L–1.h–1)

Table 2. Results of cell concentration, ethanol concentration, Yp/s and Qp throughout the fermentation process.

8.300
8.410
7.470
9.980
8.499
8.330

Cell
concentration
(g.L–1)

36.000
6.670
7.790
7.680
6.439
6.270

Cell
concentration
(g.L–1)

15.560
14.990
15.370
13.670
16.715
16.300

Ethanol
(g.L–1)

72

19.430
19.450
21.130
18.730
19.475
19.120

Ethanol
(g.L–1)

36

0.354
0.375
0.213
0.165
0.234
0.489

Yp/s
(g.g–1)

0.420
0.401
0.421
0.301
0.283
0.672

Yp/s
(g.g–1)

0.162
0.156
0.689
0.067
0.107
0.130

Qp
(g.L–1.h–1)

0.430
0.437
0.298
0.275
0.291
0.340

Qp
(g.L–1.h–1)
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substrate per cell amount (40 and 1 g.L–1, respectively),
a greater development of the microorganism was
observed, reaching a cellular concentration higher
than the fermentation medium 4. For this reason,
the medium also shows a higher ethanol production,
since there was enough nutrient for its development
and later its conversion into the product of interest,
having its highest concentration for 12 hours.

3.2. Statistical analysis
The Pareto graph was used to evaluate the influence
of the factors. At t = 12 hours, the addition of rice bran
and modification of the initial cell concentration of the
medium does not significantly influence Yp/s (Figure 2a),
since this factor presents a value of p > 0.05, remaining
on the left of the vertical line of significance (p = 0.05).
This fact is due to the preference of the yeast to the
consumption of the glucose rather than the nutrients
provided by the rice bran (Silva et al., 2011).
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At t = 72 hours (Figure 2b), it can be observed that
the linear term of the cellular concentration (Cell(L)),
the quadratic term of the rice bran concentration (Rice
Bran (Q)), and the linear interaction of these two factors
(Interaction) showed statistically significant effects for
Yp/s. The linear term of the rice bran concentration (Rice
Bran (L)) did not present a statistically significant effect.
The effect of these factors can also be observed
through the response surface graph and the contour
plot shown in Figure 3. The value of Yp/s has a linear
behavior along the y axis (cellular concentration), the
same behavior pointed to this factor by the pareto
graph. As the initial cell concentration is increased the
Yp/s value decreases for any rice bran concentration.
On the other hand, for the x-axis, the increase of the
rice bran concentration causes a quadratic effect in
the value of Yp/s.
For the present study the highest ethanol yield
was obtained at the factorial point of maximum
for the rice bran concentration and the minimum
point for the cellular concentration, 7.5 and 1 g.L–1,
respectively, obtaining an Yp/s of 0.375 g.g–1. The lower
cellular concentration favors a higher Yp/s, since higher
cells concentration in the medium generates a high
consumption of substrate used only for its growth and
not the ethanol production.

3.3. Kinetic parameters obtained for the
fermentation process
Figure 1. Concentration profiles of cell (●,○), ethanol
(■,□), and glucose (▲,Δ) throughout the fermentation
process for media 2 and 4, respectively.

The kinetic parameters were evaluated for the six
fermentation media (Table 3) being the correlation
coefficient considered satisfactory for all cases,

Figure 2. Pareto chart used to evaluate the influence of the factors at 12 hours (a) and 72 hours (b).
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Figure 3. 3D surface and contour plot for interaction effects for Yp/s, respectively, at t = 72 hours.

Table 3. Kinetic parameters obtained for the
fermentation process.
Fermentation
media

µmax (h–1)

Ks (g.L–1)

R2

1
2
3
4
5
6

0.0248
0.0542
0.0012
0.1046
0.1046
0.0670

21.736
24.005
4.434
32.427
23.451
8.632

0.970
0.950
0.966
0.955
0.980
0.822

which guarantees a good fit of the model chosen and
therefore, greater reliability in the obtained results.
The highest affinity for the substrate was observed in
medium 4, as a higher value of Ks (32.427 g.L–1) was
obtained. Fermentation media 1, 2, and 5 showed
similar affinities to the substrate since the values
obtained for the Monod’s constant were similar and
close to 22 g.L–1. The fermentation medium 3 had the
lowest μmax (0.0012 h–1) and consequently the lowest
Ks (4.434 g.L–l). During the fermentation process the
microorganism can either use the substrate for its
growth or to convert it into a metabolite of interest.
The fact that the third fermentation medium has
the highest ethanol concentration, associated with a
lower maximum growth observed by the kinetic study,
corroborates the fact that this condition is conducive
to the ethanol production since this phenomenon
overcame the microorganism growth.

4. CONCLUSION
Nutritional supplementation in the fermentation
process was considered to be a determinant factor for
the ethanol biotechnological production, since it has
proved to be significant and with potential to increase
its production. Using a factorial analysis 22 it was
possible to infer that the nutrient source arranged by
the rice bran affects the ethanol yield response in the
studied range in a quadratic form, and its linear form
showed no significant effect. Furthermore, the initial
cell concentration of the medium showed significant
effect in its linear form, showing that the choice of
lower cell concentrations increases the yield of final
ethanol as its growth does not exceed the production
of the product of interest.
For t = 12 hours and 72 hours the maximum Yp/s
(0.577 g.g–1 and 0.375 g.g–1, respectively) was observed
at the point of maximum concentration of rice bran
and minimum cell concentration, represented by
medium 2. It was observed a higher μmax (0.1046 h–1)
and Ks (32.427 g.L–1) in the fermentation medium 4.
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