Environmental Health Engineering and Management Journal 2023, 10(4), 389-400 doi)10.34172/EHEM.2023.42

http://ehemj.com
Environmental Health
HE . .
- Engineering and

Management Journal

‘Environmental Health
Engineering and Management

@ CrossMark
&click for updat

Original Article

Optimizing bioethanol production from cassava peels
through agitation timing variation in separate hydrolysis
and co-fermentation

Adewale Allen Sokan-Adeaga>*" ", Godson R.E.E Ana®> ', Abel Olajide Olorunnisola* ~, Edris Hoseinzadeh®

'Department of Environmental Health Science, Faculty of Public Health, College of Medicine, Lead City University, Ibadan, Nigeria
*Department of Environmental Health Sciences, Faculty of Public Health, College of Medicine, University of Ibadan, Ibadan, Nigeria
*Department of Environmental Health Science, Faculty of Basic Medical Sciences, Ajayi Crowther University, Oyo, Nigeria
‘Department of Wood Products Engineering, Faculty of Technology, University of Ibadan, Ibadan, Nigeria

*Incubation and Innovation Center, Saveh University of Medical Sciences, Saveh, Iran

Abstract

Background: This study assessed the effect of various agitation timings on bioethanol production from
cassava peels (CP) using separate hydrolysis and co-fermentation (SHCF) technique.

Methods: The milled CP was divided into three groups each of 20 g and subjected to two-stage hydrolysis
carried out at 100 °C for 60 min and 50 minutes, respectively. Experimental layouts were Sample 1 (B1)
[0 hours i.e., no shaking], Sample 2 (B2) [3 hours shaking with an electric shaker at 200 rev/min™'], and
Sample 3 (B3) [6 hours shaking at 200 rev/min']. Fermentations were carried out at 30 °C for 72 days.
Data were analyzed using descriptive statistics, one-way ANOVA, and New Duncan’s multiple range
test at P=0.05.

Results: The TSS and pH readings of the treatment groups before and after fermentation were: B1 - TSS
(27.15+0.15, 17.25+0.07 °Bx), pH (5.50£0.00, 4.53+0.04); B2 — TSS (27.32+0.08, 14.78 £0.12 °Bx),
pH (5.50£0.00, 4.74+0.06); and B3 — TSS (27.17+0.07, 10.24 £0.08 °Bx), pH (5.50£0.00, 4.77 +0.05)
(P<0.05). The mean fermentation efficiency (FE) and ethanol productivity (EP) were B1 (15.17 £0.07%,
0.122+0.001 gL'h!), B2 (15.70+0.18%, 0.126 +£0.002 gL'h), and B3 (18.80+0.14%, 0.151 +0.001 gL-
'h!) (P<0.05). All treatment groups attained the maximum ethanol yields at 72 hours of fermentation
(P<0.05). Agitation at 200 rev/min" for 6 hours gave the optimal FE (%), EP, and ethanol yield.
Conclusion: The established condition improved the Bioethanol quality and yield of CP. Thus,
optimizing bioethanol production from CP would help enhance sustainable biofuel production without
affecting food security.
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Introduction

The present urban sprawl, industrialization, and
technological development of the 21% century have
brought about interest in environmental sustainability
and renewable energy. This interest has been further
rekindled by the awareness of the limited global crude oil
reserves and its rapid dwindling than previously predicted
(1-3). Currently, fossil fuels such as coal, oil, and natural
gas account for more than a third-quarter of the global
energy source, nevertheless they are non-renewable and
depletable in nature. Moreover, it has been predicted that
by 2025, the global energy demand will rise by 50% with
a larger percentage of this coming from the third-world

countries (4-6). Taking into account the above-mentioned
scenario, along with the current fluctuation in petrol prices
and the alarming global warming, the need for a rigorous
pursuit and expansion of a sustainable alternative energy
program becomes inevitable (2). This alternative energy
can be exploited from feedstocks such as agro-residues,
forestry resources, animal waste, and municipal solid
waste, which are abundant and economically viable (7).
Biofuel is a viable example of an alternative energy
source and it is obtained from biomasses, which are
renewable organic materials obtained from plants and
animals (8,9). It is a renewable and green energy, which
burns with clean air and has a net carbon emission of zero
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because the carbon dioxide released during its combustion
is offset by the absorption from the atmosphere (10-13).
Many developed nations are expanding their biofuel
industries for the transport sector, and similar keen
interest has been shown by many third-world countries to
modernize biomass utilization and develop greater access
to clean liquid fuels (3,14). In the energy production cycle,
the most promising biofuel is bioethanol (9). Ethanol is a
simple alkyl alcohol that can be utilized as automobile fuel
in spark ignition engines. It has a high-octane rating and
can either be used partly or wholly in vehicles (13). Several
feedstocks serve as precursors for bioethanol production.
This includes molasses, sugarcane juice, starch-based
materials such as wheat and corn but not limited to the
aforementioned substrates (11). Globally, the leading
players in the bioethanol industry are the United States
and Brazil with many nations in Europe developed policies
in support of domestic biofuel industries. The interest in
biofuels has further increased in the past decades, with
more than sixty countries having since launched biofuel
programs and set targets for blending biofuels into their
fuel pools (12,15,16). Taking into cognizance the landmark
achievement attained by the aforementioned countries, it
became exigent for African countries to follow suit.
However, this current production system is not
sustainable and poses a serious threat to food security. To
circumvent such a threat, many researchers advocate the
utilization of lignocellulosic biomass in the production of
bioethanol. This emerging form of bioethanol production
from non-edible feedstocks tends to be promising
and may be a giant stride in the bioethanol revolution
(17,18). Lignocellulosic biomasses are renewable, inedible
feedstocks, which are inexhaustible and non-depletable
resources for alternate fuel production. They consist
basically of plant fiber and have cellulose, hemicelluloses,
and lignin as their constituents (18,19). Lignocelluloses
have been suggested to be a foremost and promising
substitute to traditional starch feedstock. It has an
excellent well-to-wheel assessment due to its availability;
economical and high polysaccharides yield (20,21).
Cassava (Manihot esculenta), a tuberous root crop,
is planted as a starchy source of food for both people
and animals. Cassava is one of the main staple foods in
Nigeria, so a lot of CP are produced both domestically
and industrially by cassava processing factories (22,23).
With an annual production of about 54 million metric
tons (MT), Nigeria is the world’s largest producer of
cassava (24). According to a study by Izah and Ohimain
(25), poor management of cassava peels is practiced in
Nigeria through open dumping into the environment,
which leads to aesthetic nuisances like bad odor (air
pollution), environmental degradation, and water body
pollution near cassava processing sites. CP can be used
as a lignocellulosic feedstock for the manufacturing of
bioethanol, which acts as a recovery method because

they include chemical components such as lignin,
hemicellulose, and cellulose, which are ideal sources
for the synthesis of bioethanol. This is one of the most
effective methods for managing the wastes left over
from processing cassava because it lessens the harm
that the pollutants do to the environment (26). Many
scientists believe that to commercialize the production
of bioethanol from lignocellulosic materials like CP, a
more thorough study on the optimization of production
parameters, which influence the yield of ethanol from this
class of feedstocks, is required (8,18,26,27). Additionally,
research on the effects of operation parameters, such as
temperature, agitation rate, substrate type, and other
process parameters, such as pH, microbial growth,
and sugar content, can be beneficial in elucidating its
influencing factors, product production pattern, and
optimization information (28-30). This study investigated
the effect of various agitation timings on bioethanol
production from CP using separate hydrolysis and co-
fermentation (SHCF) technique.

Materials and Methods

Study design

The study is experimental and laboratory-based involving
hydrolysis, biochemical characterization, microbial

fermentation and optimization. The study employed the
SHCF technique using CP as the substrate for bioethanol
production.

Biomass source

CP was obtained from the cassava processing center at
the International Institute of Tropical Agriculture (IITA),
Ibadan, Nigeria. The institute has a cassava plantation,
which covers about one hectare of land and a cassava
processing unit with a modernized processing machine
for making Garri (a local product from cassava). Large
quantities of CP are generated from this production
process while the wastewater is subjected to anaerobic
digestion in a sedimentation tank to produce biogas.

Collection and transport of the biomass

A considerable quantity of fresh CP was packed from
the cassava processing center at IITA and transported in
polythene bags or sacks to the laboratory for experimental
processing.

Optimization of bioethanol production from cassava
peels at laboratory scale

The bioethanol production and optimization from
CP was carried out at the Microbiology Laboratory
of the Institute of Agriculture Research and Training
(IAR&T), Moore Plantation, Apata, Ibadan, Nigeria.
The procedure adopted in this research was the SHCF
technique recommended by Farone and Cuzens (31,32)
and modified by other researchers (3,9,26). This acid-
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based technology is a generic process that consists of six

basic steps as listed below.

e  Biomass pre-treatment

e  Chemical hydrolysis of lignocellulose to produce
sugars

e Neutralization process (to separate the sugars from
acid)

e  Sugars fermentation (glucose) to ethanol

e Distillation (to obtain pure ethanol)

e Analytical assay: The pH, total soluble solids (TSS),
glucose vyield, total reducing sugar (TRS), and
bioethanol yield of the CP were analyzed.

Pre-treatment of the Cassava Peel

The CP was oven-dried at 27 °C until it lost all its moisture
content. The dried cassava peel was then pounded with a
mortar and pestle to powdery form and, sieved witha+ 1.5
mm sieve to get a homogeneous sample. This process was
to expose a large surface area of the biomass to chemical
hydrolysis.

Weighing of the substrate

The powdery CP utilized in the experiment was weighed
using a Toledo Mettle weighing balance (+0.001 g).
Hence, 20 g of the substrate (powdery CP) was utilized for
each of the experiments.

Experimental layout

The optimization phase was divided into three sample
groups of experimental layouts as described by Hossain
et al (33). A uniform mass of 20 g of each of the milled
CP was utilized in the study. This was done to assess the
effect of varying agitation timing treatments using an
electrical shaker at 200 revolutions/min (200 rev/min)
on bioethanol concentration, TSS, and pH of the samples
before and after fermentation at 30 °C, respectively. The
experimental layout of the samples used in this study is
shown in Table 1.

Hydrolysis of the biomass

Twenty grams of each of the milled CP was treated
with 100 mL of 13.1M H_SO, in 1:5 (w/v) in a two-stage
hydrolysis using a glass jar with a cover lid. The acid and
biomass mixture was steamed in a water bath to 100 °C
for 60 minutes in the first hydrolysis stage. This led to
the development of a thick gel, which was pressed using
a sieve to extract the acid-sugar stream. The left-over
residues in the first hydrolysis were again hydrolyzed

Table 1. Experimental layout for the optimization of bioethanol production
from Cassava peel

Sample number Mode of treatment

Bottle 1 (control) No agitation (0 h) serves as control

Bottle 2 Three hours of agitation

Bottle 3 Six hours of agitation

with 100 ml of 13.1M H,SO, at 100 °C for 50 minutes
for the production of a second hydrolysate. The streams
from both hydrolyses were combined and the volume of
the hydrolysates was recorded. The hydrolysis reaction is
depicted in Eq. (1).

Equation of the reaction:

(CoH )05 )n —c—3—> (CH,0)n 1)

Conc.H,SO,

Lignocellulose Reducing sugar

The leftover solid, lignin, was discarded.

The glucose hydrolysis efficiency (GHE) (%), glucose
productivity (gL 'h*), and TRS productivity (gL'h*) were
calculated by adopting the formula described by Zhu et al
(34), in equations 2 to 4:

Glucoseconcentration (gL™)

GHE (%) = )

Cassava peels conc. x51.52%x1.1 (gL™")

Glucoseconcentration (gL™") 3)

Glucose Productivity(gL™'h™") =
yle ) Hydralysistime(hr)

: -1
TRS Productivity(gL'h™") = TRS concentration (gL™) ()
Hydrolysistime(hr)
Note:
Cassava peels concentration=20% i.e. 20 grams per 100
ml acid

Total hydrolysis time=110 min=1.833 h

Neutralization process

The hydrolysates obtained from the acid hydrolyses were
each titrated with lime water [Ca(OH),]aq as illustrated in
Eq. (5). This was done to neutralize the sulfuric acid and
raise the hydrolysate pH to about 5.5. The filtrate formed,
a free sugar, was filtered using a Whatman No. 1 filter
paper while the leftover gypsum (CaSO,) was discarded.
The filtrates were qualitatively assessed for reducing sugar
using Fehling solution. Also, TSS, glucose yield, and TRS
were quantitatively determined in the filtrate.

+2H,0 (5)
Free Sugar ~ Gypsum Water

CH,,0;...H,80, + Ca(OH),» C.H,,0, + CaSO,
Hydrolysate Lime

PPT)

Sugars fermentation

Weighing of Saccharomyces cerevisiae

The weight of the dry yeast to be added to each sugar
solutions was quantified using the procedure enunciated
by Hossain et al (33). This involved the use of 3 g of dry
yeast per liter of sugar solution. Rehydration of the dry
yeast was done in a water bath at 40°C, afterward cooled to
room temperature before the addition of sugar solution.
The baker’s yeast was weighed using a KERRO Electronic
compact scale, BLC2000 series made in Taiwan with the
precision of £0.001 g.
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Procedure

The sugar solutions were fermented using Saccharomyces
cerevisiae. 3 g/L of yeast, S. cerevisiae, was added into
each set of closely air-tightened bottles containing sugar
solution (Table 2) and kept in an incubator at the desired
temperature. Fermentation was done at a temperature
of 30 °C. The effect of agitation timing by an electrical
shaker on the CP fermenting broths was assessed using
different agitation timings (0, 3, and 6 hours) at 200
rev/min’ for the various treatment groups (bottles 1-3).
Ethanol presence, ethanol concentrations, and yields
were carried out by periodically taking samples from the
fermenting broth every 24 hours. Also, the pH and TSS
of the solutions were determined after fermentation. The
fermentation reaction is illustrated in Eq. (6).

Equation of the reaction:

C,H,0,—= >2C,HOH + 2CO

2%(g) 6
Glucose Ethanol Carbon dioxide ( )

Confirmatory test for ethanol

A few drops of acidified KMnO, solution were mixed
with 1 mL of each of the fermented broths and heated
to boil. The purple color of KMnO, was decolorized and
turned into a colorless liquid with an unpleasant smell of
ethanal, which confirmed the presence of ethanol. The
fermentation efficiency and ethanol productivity were
calculated using the formula described by Zhu et al (34)
in Egs. (7 and 8).

. -1
Ethanol Productivity(gL™h™) = Ethanol concentration (gL™)

(7)

Fermentation time(hr)

. -1
Ethanol Productivity(gZ ™) = Ethanol concentration (gL™)

(8)

Fermentation time(hr)

Note: FE =Fermentation Efficiency

Distillation

The bioethanol solution was distilled in a 2 L distillation

flask and heated to 78 °C to obtain pure ethanol. The

volume of ethanol obtained from the distillation was
measured and recorded. The following were also
calculated:

e Actual yield of ethanol in gram ie., the mass of
ethanol present in 1 liter solution of the fermented
broth.

e The theoretical yield of ethanol in gram i.e., the mass
of ethanol that would be obtained using the balanced

Table 2. The mean volume of sugar solution obtained from the 13.1M acid
hydrolysis and subjected to fermentation

Semplee Volume of sugar solution (mL)

(Mean*SD)
Bottle 1 153.33+£1.52
Bottle 2 158.00+2.00
Bottle 3 170.33+1.52

stoichiometric reaction in Eq. (9):

C,H,0,—*>2C,H,OH +

Glucose Ethanol

20 T(g)

Carbon dioxide (9)

Molar mass 180 g 92g 88¢g
Xg Yg

(Assuming working with a total reaction volume of 1 L)
Hence, Y g (Theoretical yield of ethanol in the reaction
volume of 1 L)

=Xgx92g
180 g

Where X gis the weight in gram of TRS per 1 L solution.
e  DPercentage yield of ethanol was calculated using the
formula described in Eq. (10):

Actual yield

% Yield=————
° Theoretical yield

x100% (10)

e Percentage concentration of Ethanol by volume
(%v/v) was calculated using the formula described in
Eq. (11):

Volume % Volume of ethanol recovered
b =

- x100% (11)
Total volume of solution

Analytical assay

The following physicochemical and proximate analyses

were carried out as highlighted below:

e  Determination of pH: The pH of the solutions was
assessed using a pH meter.

e TSS determination: This was measured using a
refractometer following the method described by
Hossain et al (33).

e Determination of glucose and TRS concentrations
and yields: The methods described by the Association
of Official Analytical Chemists (AOAC) methods (35)
were employed to determine glucose yield and TRS.
The glucose concentration was determined following
the Anthrone procedure outlined by the AOAC (35)
while the TRS content was determined quantitatively
using the phenol-sulfuric acid method as described by
Dubois et al (36). The concentrations of glucose and
TRS released were colorimetrically determined using
a UV spectrophotometer at a wavelength of 490 nm.
A calibration curve was obtained using D-glucose
as standard. The glucose and TRS concentrations
and vyield in the original sample were calculated by
adopting the formula described in Egs. (12 and 13):

Absorbancereading (12)

Concentration (C)) = -
Gradient

mg | kg dry weight (13)

Yield = (& ><125D)><1000
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Where C, is the concentration of reducing sugars (mg/
mL) read from the appropriate calibration graph. 125 is
the dilution factor since 2 g of the analyte was dissolved
in 250 mL of the distilled water. Dis the dry weight of
the original sample, which is 20 g. 1000 is the conversion
factor, to convert the final value from mg/g to mg/kg.

e Ethanol assay: Ethanol concentration was
quantitatively ~ determined  through a UV
spectrophotometer using acidified potassium

dichromate solution (37-39). Ethyl alcohol working
standards in the range of 10 -50 pg/mL were
prepared from 100 pg/mL stock ethanol standard.
The absorbances of the working standards, sample
extracts, and blank were read from a Cecil 2483
spectrophotometer (£=313 nm). The ethanol
concentration and yield were calculated as described
in Egs. (14 and 15):

Calculation
%Ethanol (g/100 ml) was calculated as follows:

(AbS — AbB)x AG

= 14
Volumeof sampletaken (14)
6
Ethanol Yield = _OIS007 ml | kg dry weight (15)
Density of ethanol

Where AbS is the absorbance of the sample, AbB is the
absorbance of blank, AG is the average gradient, C is the
concentration of ethanol (mg/mL) [multiply with 10 to
convert from mg/mL to kg/mL], V is volume of sugar
(ml), 50 is the multiplication factor used to extrapolate the
results from the original sample of 20 to kg. The density of
ethanol is 789 kg/m®. 10° is conversion factor to convert
final answer from m*/kg to cm*/kg (mL/kg).

Data analysis

The data collected during this research were analyzed
using the IBM Statistical Product and Service Solutions
(IBM SPSS Statistics), version 27.0 software for descriptive
and inferential statistics. Descriptive statistics was used
to summarize data using bar charts, line graphs, means,
and standard deviations. The results obtained from the
physiochemical and proximate analyses of the laboratory
studies were subjected to one-way analysis of variance
(ANOVA) as described by the statistical analysis system
(40) and New Duncan’s multiple range test (41) for means
separation at 95% level of probability.

Results

Hydrolysis results of the Cassava peels

Figure 1 illustrates the various parameters assessed in
the hydrolysis stage viz: glucose concentration, GHE%,
glucose productivity, TRS concentration, and TRS
productivity of the CP, respectively.

The overall mean glucose and TRS concentrations
obtained from the CP in the laboratory study were
19.00+0.19 and 35.92+1.02 gL', respectively. Likewise,
the overall mean GHE%, glucose productivity, and TRS
productivity of the CP in the laboratory work were
16.77+0.07%, 10.37+0.04, and 19.60+0.56 gL'h”,
respectively. All these results imply a promising yield of
sugar production from CP using the described hydrolysis
method.

Optimization of agitation timings on the proximate
analysis of Cassava Peel’s hydrolysate in laboratory
studies

The mean concentrations of bioethanol, TSS, and pH
of CP hydrolysate on a laboratory scale using different
agitation timings (0, 3, and 6 hours) of 200 revolutions
per minute (200 rev/min™) are shown in Table 3. As
shown in this table, the mean values of the TSS for the
fermented biomass were significantly lesser than those
before fermentation (P<0.05). Also, the mean TSS in the
fermented biomass across the different agitation timing
regimes was significantly different (P<0.05). From the
mean pH values in Table 3, readings of the mean pH pre-
fermentation were greater than those obtained in post-
fermentation (P<0.05). The pH value of Bottle 1 (control,
0 hours) was lower than those of Bottles 2 (3 hours
agitation) and 3 (6 hours agitation), respectively. There
were significant differences in the pH of the different
bottles at P<0.05.

The mean bioethanol concentration of the CP
hydrolysate at varying shaking hours of 200 rev/min-
! was compared. The fermented CP broth in Bottle 3
produced the maximum mean bioethanol concentration
of 1.09+0.02% (w/v), followed by Bottle 2 (0.91£0.01%
w/v) while Bottle 1 only produced 0.88+0.01% w/v of
bioethanol concentration as shown in Table 3. It can be
observed that the bioethanol concentration of the CP
increases as the agitation timing increases. There was
significant variation in the bioethanol concentrations
obtained from the CP hydrolysate at various agitation
timings (P <0.05).

45

40
35
30
25
20
15
10

5

0

) TRS

GHE (%) GP (gL-1h1 TRS
Concentration Productivity

Glucose
Concentration

(8L-1)

Figure 1. Glucose hydrolysis efficiency (GHE), glucose productivity (GP),
and TRS productivity of the Cassava peels
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Effect of different agitation timings on glucose, TRS, and
bioethanol yields of CP in the laboratory studies

Table 4 shows the effect of agitation timing variations (0,
3, and 6 hours) at 200 rev/min! on the mean values of
glucose, TRS, and bioethanol yields of the CP hydrolysate
on a laboratory scale. There were significant differences
in the mean glucose and TRS yields after fermentation
(P<0.05) across the different treatment regimes. As
shown in Figure 2, fermentation in Bottle 3 (6 hours
agitation timing) gave the highest bioethanol yield while
the lowest yield was obtained in Bottle 1 (control) across
the different fermentation timings. These results were
statistically significant (P<0.05).

Effect of varied agitation timings on fermentation
efficiency and ethanol production in laboratory studies
The effects of different agitation timings (0, 3, and 6
hours) at 200 rev/min* on the fermentation efficiency
and ethanol production of CP in the laboratory work
are depicted in Figure 3. Fermentation in Bottle 3 gave
the highest mean fermentation efficiency and ethanol
(18.80+0.14%, 0.151+0.001 gL'h);
while the least results were given by Bottle 1 (control)
[15.17+0.07%, 0.122+0.001 gL'h']. These differences
were observed to be significant (P <0.05).

production

—o— Bottle 1 (Ohr) control —#—Bottle 2 (3Hrs)

o8 Bottle 3 (6Hrs)
vy

=

£E 150

el

(]

< 100

IS

C

& 50

b

S Ohrs 24hrs 48hrs 72hrs

Fermentation time (h)

Figure 2. Comparison of the mean bioethanol yields of cassava peels at
different agitation timings of 200 rev/min-' in the laboratory studies

mL)
v D ~
o o o

Iy
o

N
o

=
o

Volume of Ethanol Recovered (
w
o

o

Bottle 1 Bottle 2 Bottle 3

Sample treatment

Figure 4. The mean volume of ethanol recovered (mL) from the various
treatment groups

Distillation results for laboratory studies

Figure 4 shows the measurements of the mean volume of
ethanol recovered from the various treatments (Bottles
1-3)inthelaboratorystudies. Bottle 3had the highest mean
volume of ethanol recovery of 53.07 £ 2.15 ml while Bottle
1 had the least mean volume recovery of 33.17+1.76 ml.
The variations in the mean ethanol volume recovered (ml)
from the different bottles were significant at P <0.05. Also,
the mean percentage ethanol concentration by volume (%
v/v) produced by the different samples’ treatments (Bottle
1-3) is presented in Figure 5. The highest mean volume
of ethanol concentration (% v/v) was obtained in Bottle 3
(37.71+£0.59% v/v) while the lowest value was obtained in
Bottle 1 (27.78 £0.65) (P<0.05). Lastly, Figure 6 shows the
mean percentage ethanol yield obtained from the various
treatment regimes. Bottle 3 gave the highest percentage
yield of 57.76 +1.32%; while the lowest percentage yield
0f 47.20 £ 1.47% was obtained in Bottle 1.

Discussion

The most widely studied and industrially established
yeasts explored in the transformation of sugars to ethanol
are similar members of Saccharomyces cerevisiae (42,43).
S. cerevisiae is the world’s premier fermenter in the
ethanol sector based on its aptness to convert hexoses to
huge ethanol yield and its high tolerance to inhibitory
substances (44). However, yeast’s ability to convert

25 0.18 _

o
o
o
h

Ethanol Productivity ((gL'th?

e 9O ¢
[N
SIS

0.08
0.06
5 0.04
0.02

Fermentation efficiency (%)
o
s

o
o

Bottle 1 (Ohr) control Bottle 2 (3Hrs) Bottle 3 (6Hrs)
Aggitation timing (h)

mm Fermentation efficiency (%) = Ethanol Productivity ((gL-1h-1)

Figure 3. Effect of agitation timing variation on fermentation efficiency
and ethanol production of cassava peels in the laboratory studies

20
15
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5
0

Bottle 1

N W W b b
v o un o u

Percentage Volume of Ethanol (% v/v)

Bottle 2
Sample treatment

Bottle 3

Figure 5. Mean percentage ethanol concentration by volume (%v/v) for
the various treatment groups
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Figure 6. The mean percentage yield of ethanol (%) for the various
treatment groups

sugars to ethanol depends on many parameters including
growth factors, strains, and the optimum environmental
conditions (45). In the present study, the effect of various
agitation timings on bioethanol production by the stress-
tolerant yeast (S. cerevisiae) was investigated.

In this study, an SHCF configuration similar to the
separate hydrolysis and fermentation (SHF) process
was applied, which involved both hexoses and pentoses
fermentation. The glucose, and total reducing sugar
concentrations and productivity of 20% CP obtained in
the laboratory were assessed. As shown in Figure 1, GHE%
was also investigated. The findings of the hydrolysis
stage revealed that hydrolysis of 20% CP with 13.1M
H,SO, for 110 minutes at 100 °C using a water bath in
the laboratory led to a significant increase in glucose and
TRS concentrations and productions. These findings are
corroborated by the reports of other authors (3,26,31).
These workers reported that higher concentrations than
70% (13.1M) acid concentration will lead to charring
of the biomass. Also, Zhu et al (34) reported a glucose
production as high as 66.86 gL' from 20% CP using
fed-batch hydrolysis for 120 hours, in which enzymatic
cocktails were introduced at hydrolysis timings of 24
hours and 48 hours, respectively. The promising yield
of glucose and TRS by CP can be ascribed to the high
proportion of cellulose and hemicellulose contents in
CP, which are polymers of numerous pentose (C,) and
hexose (C,) sugars. Yoonan and Kongkiattikajorm (46)
have also reported that CP has an appreciable quantity of
cellulose (20.8%) and hemicellulose (29.0%), respectively.
The GHE (%) obtained in the study was however lower
than the 90% GHE reported by Kosugi et al (47) and the
74.32% GHE observed by Zhu et al (34).

The pH of the fermenting medium greatly affects the
production rate of ethanol by the yeast cells. Thus, either
elevated or lower pH environments would impede the
metabolism of yeast, and consequently, its cell growth
(48). The pH values of the CP hydrolysate before and after
fermentation in this study were within the range of 4.53 -
5.50 as evident in Table 3. This finding aligns with that of

Fakruddin et al (49), who opined that all the three strains
of the stress-tolerant yeast - Saccharomyces uniparous (P),
S. cerevisiae (C) and (T) gave the highest ethanol yields
at a pH of 5.5 after 5 days except for T strain at a pH of
6.00 of the fermentation setting. From the experimental
results obtained in Tables 3 and 4, the highest ethanol
concentration and yield from the Cassava peel were
obtained at 72 hours of fermentation for all treatment
groups. It is logical to conclude, that lengthy fermentation
duration has a positive impact on fermentation rates of
S. cerevisiae since a longer time resulted in higher rates
of product formation. The lengthy time helps the yeast
to maximally utilize the sugars contained in the CP (50).
This outcome is consistent with the results of the study
by Pippo and Luengo (51), who reported a maximum
ethanol yield of 8% (w/v) after 72 hours of fermentation.

It is generally believed that the production of ethanol by
yeast is by anaerobic process. It has likewise been suggested
that agitation could influence metabolite formation if the
reaction of product formation is dependent on oxygen
(52). Agitation plays a vital role in fermentation, as it
helps maintain adequate contact between enzymes and
the substrate, accelerate heat and mass transfer within
the fermenting vessel, and improve the aeration of the
fermenting broth thus increasing oxygen availability
to the microbes as a nutrient. However, it has also
been proven that too much mixing can lead to enzyme
deactivation and decrease the transformation product,
as a result of the generation of shear force by the mixer
and trapping of air bubbles at the air-liquid interface of
the medium (53,54). In this study, the effect of different
agitation timings using an electrical shaker at 200 rev/
min on ethanol production from Cassava peel was
assessed at different shaking hours of 0, 3, and 6 hours
in the laboratory. The agitation timing at 6 hours (Bottle
3) gave the optimal ethanol concentration and yield of
1.09+£0.02% (w/v) and 117.34+1.19 ml/kg, respectively,
as shown in Figure 2. This finding is supported by
Hossain et al (33) who reported a maximum bioethanol
concentration at optimum shaking time of 6 hours from
decaying banana fermented by S. cerevisiae. This finding
is also in consonance with those of several authors who
reported a significant increase in ethanol production by
isolated S. cerevisiae IFST-072011, when fermentation
was performed under agitation (49,53).

The results of the fermentation stage in the present study
revealed that Bottle 3 (6 hours agitation) gave the highest
fermentation efficiency (FE) and ethanol productivity by
the yeast (S. cerevisiae) as shown in Figure 3. In a study by
Zhu et al (34), the maximum ethanol concentration and
FE of 29.39 gL' and 68.19%, respectively, were reported
using the SHF process. As shown in Figures 4 and 5,
Bottle 3 (6 hours agitation) had the highest mean ethanol
recovery and percentage ethanol volume concentration
of 53.07+2.15 mL and 37.71+0.59% (v/v), respectively,
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in the laboratory studies. This value is greater than that
(8.5%) reported by Adetunji et al (55) utilizing both S.
cerevisiae and A. niger on CP slurry; and also, greater than
the average ethanol concentration of 16% reported by
Agulejika et al (56) from decomposing mangoes. Also, as
shown in Figure 6, the highest ethanol yield percentage of
57.76 £1.32% was produced by Bottle 3 (6 hours agitation).
Toma et al (57) studied the impact of agitation on the
efficiency of Zymomonas mobilis in a continuous culture.
The authors noted that both yield of biomass and ethanol
production were enhanced at greater stirring frequencies
followed by a decline in the by-product generation. Hence,
they concluded that vigorous agitation led to enhanced
synergy between catabolism and anabolism. The agitation
speed of fermenting broth exhibits different effects on the
ethanologenic organism. This includes disruption of cell
structure, changes in morphology, production formation,
and growth rate variations (53,54,57). Rodmui et al (58)
reported that agitation could be advantageous to the
growth and efficiency of the ethanologenic organism
through mass transfer properties concerning substrates,
products/by-products, and oxygen supply.

Currently, yeasts are employed to produce fuel ethanol
from renewable energy sources. A few yeast strains,
including Pichia stipitis (NRRL-Y-7124), S. cerevisiae
(RL-11), and Kluyveromyces fragilis (Kfl), were noted
as being capable of producing ethanol from a variety of
sugars (59). Due to its low cost and ease of availability,
baker’s yeast has long been employed as a starter culture
in the manufacturing of ethanol. However, wild-type
yeast contaminated industrial processes because baker’s
yeast and other S. cerevisiae strains were unable to
compete with it. To expedite downstream processing,
enable operation at high cell density, and increase overall
productivity, flocculent yeasts were also utilized during
biological fermentation for the generation of ethanol (60).
The yeast’s capacity to ferment pentose carbohydrates
causes further issues with bioethanol production. Only a
few yeast species belonging to the genera Pichia, Candida,
Schizosaccharomyces,and Pachysolen can ferment pentoses
to ethanol (59). Using hybrid, genetically modified, or co-
cultures of two yeast strains, pentose fermentation issues
can be resolved. Pentose and hexose carbohydrates are
concurrently fermented to ethanol using hybrid yeast
strains. The hybrid strain was created by combining
S. cerevisiae protoplast with xylose-fermenting yeast
protoplast from Pachysolen tannophilus, C. shehatae, and
P. stipitis (61). Also, a cross between S. paradoxus and S.
cerevisiae will probably produce a hybrid strain that can
tolerate high temperatures as well as ethanol (62). The
efficiency of ethanol production on an industrial scale will
be increased using yeasts that are tolerant to inhibitors
(63). The common challenges of yeasts can be overcome
using ethanol-tolerant and thermotolerant yeast.
Ethanol-tolerant and thermotolerant strains, which can

resist stresses can be isolated from natural resources such
as soil, water, plants, and animals. This is because cells
adapt to their environment over time by natural selection.
Ethanol fermentation at high temperatures is a beneficial
process as it selects thermo-tolerant microorganisms and
does not require cooling costs and cellulase (64). For
example, thermotolerant yeast Kluyveromyces marxianus
can co-ferment hexose and pentose carbohydrates and
can withstand temperatures between 42 °C and 45 °C (65).

Despite the high promising yield of bioethanol
production from CP through optimization of agitation
timing using the SHCF technique by S. cerevisiae, there
are still several limitations to this study. Firstly, the study
only uses CP as the carbon substrate, which may limit
the generalizability of the findings to other substrates.
Secondly, the study fails to make a comparison on
the effectiveness of agitation timings variation using
SHCEF, which is an acid-based technology, and other
enzymatic production techniques such as simultaneous
saccharification and co-fermentation process. Thirdly, the
study only investigates the effects of agitation timing on
fermentation efficiency and ethanol production, without
considering other factors that may affect yeast growth and
production efficiency. However, the study investigates
the effects of agitation timing on fermentation efficiency
and ethanol production by S. cerevisige in a mixture of
hexose and pentose sugars, and thus, enriches the existing
database on biofuel production. Also, the study provides
specific findings on the optimal agitation timing for
maximizing ethanol yield from CP, which can be useful
for industrial applications.

Conclusion

This study demonstrates the importance of the effects of
agitation timing on fermentation efficiency and ethanol
production by the organism S. cerevisiae in a mixture
of hexose and pentose sugars. Ethanol productivity was
significantly influenced by the different agitation timings.
In this study, agitation for 6 hours was found to result
in optimal fermentation efficiency and ethanol yield
from CP by the ethanologenic organism. Consequently,
by varying the agitation timing in the fermenting broth,
the growth of the yeast can be enhanced, and therefore,
the fermentation efficiency and ethanol production
can be improved. In addition, there is a need for future
studies to take into account the bioreactor design, type
and concentration of carbon substrate, aeration, and
cell mass, which are all necessary for the optimization
of fermentation conditions for improving the Kkinetic
behavior of yeast.
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