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This research aimed to study of the sugarcane bagasse was used as a raw material for
ethanol production and pretreatment with 2.0% dilute H2SO4 at 121°C for 60 min. Pichia
stipitis (TISTR 5806) was a microorganism for fermentation. However, acid hydrolysis
produces inhibitory compounds like furans, phenolics, and organic acids. Overliming with
Ca(OH): is a detoxification process that removes these compounds and improves ethanol
fermentation. Optimal conditions were determined using RSM and CCD frameworks. The
study established specific ranges for the operation conditions: 7-12 for pH, 20-60°C for
reaction temperature, and 30-90 min for reaction time. The results indicated that the
optimal conditions for detoxification were a pH of 9.5, a reaction temperature of 40°C,
and a reaction time of 60 min. The analysis revealed the removal of total furans at 38.37%
and total phenolics at 50.02%. The fermentation of hydrolysate and detoxified hydrolysate
found an ethanol yield of 0.22 and 0.30 gproduct/Qsubstrate, respectively, and a theoretical yield
of 43.42% and 57.96%, respectively. Overliming Ca(OH). could be an efficient
detoxification process for removing and reducing the effects of inhibitory compounds in

sugarcane bagasse hydrolysate.

1. Introduction

The global population is expected to grow rapidly by 2050,
reaching 10 billion people. Simultaneously, expanding global
industrialization leads to a high demand for energy consumption.
According to fossil fuel depletion, each country consumes insufficient
energy (Khaodee & Chaiworn, 2023). Fossil fuel energy usage has led
to global warming and environmental problems. These fuels could
release many greenhouse gases and destroy the atmosphere, resulting
in lower air quality (Pradechboon & Junluthin, 2022). Renewable
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energy is the most reliable energy that can be obtained from natural
resources. These energy sources could be converted and serve as an
alternative source of energy (Ratchawet & Chaiworn, 2022). Energy
from biomass has become an increasingly popular alternative for
biofuel production to reduce dependence on oil and mitigate global
warming (Junluthin et al., 2021).

Lignocellulosic biomass has three major components: cellulose,
hemicellulose, and lignin (Dussadeeet al., 2017). Cellulose is a linear
homopolymer of glucose linked with glycosidic bonds. Hemicellulose
is a branch of heteropolymer units of sugars that mainly consist of
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pentose (xylose and arabinose) and hexose (glucose, mannose, and
galactose). While lignin is the most complex organic compound, it also
contains aromatics and phenolics. This structure could support the
plant's structure protection (Dussadeeet al., 2022; Trejo et al., 2022).

Biofuel is the most attractive renewable energy source, especially
bioethanol. Bioethanol is generally produced from biomass resources,
which include agriculture residues such as wheat, sugarcane bagasse,
corncob, and rice straw, municipal solid waste, and organic waste
(Kaewdiew et al., 2019; Sophanodorn et al., 2020). Bioethanol is
commonly used to blend with gasoline for transport fuel such as E85
(gasoline 15%: ethanol 85%) and E10 (gasoline 90%: ethanol 10%).
Ethanol has prominent properties such as high heating value for
combustion, high octane number, and low cetane number (Germec &
Turhan, 2018). Lignocellulosic biomass from sugarcane has one of the
most potential substrates for bioethanol production, is rich in sugar
content, and is available for feedstock (Bhuyar et al., 2021; Kongchan
et al., 2022). There is a composition of 40-45% cellulose, 30-35%
hemicellulose, and 20-30% lignin (Sabiha-Hanim & Abd Halim,
2018). Bioethanol production mainly consists of both physical and
chemical pretreatment processes to remove the recalcitrant
lignocellulose structures, reduce cellulose crystallinity, and increase
the high porosity of materials (Cardona et al., 2010). Conventional
method for chemical pretreatment of lignocellulosic by acid hydrolysis
with HCI, H2SO4, and HNOs. These processes decompose the
structures and obtain fermentable sugars (xylose, arabinose, and
glucose). Ethanol fermentation will use these sugars as carbon sources.
However, there are also inhibitory compounds consisting of furfural,
5-hydroxymethyl furfural (5SHMF), phenolics, and organic acids. These
compounds, furfural, and 5SHMF, are generated from the destruction of
fermentable sugars, while phenolics are degraded from the lignin
structure. The presence of these products in the hydrolysate substrate
could inhibit the growth of microorganisms and reduce their ability to
produce ethanol (Gamez et al., 2006).

Detoxification is considered a method to increase ethanol
production. Various methods include ion exchange, activated carbon
adsorption, membrane separation, and biological treatment.
Overliming with Ca(OH). shows an effective detoxification process
that is widely used and economical. However, the drawback of the
overliming process is that sugar loss always occurs. Stoutenburg et al.
(2011) reported improved fermentation of sugar maple hydrolysate by
P. stipitis Y-7124 using overliming detoxification compared to
untreated hydrolysate. The hydrolysate was pretreated with 1.0%
H2SO4 and detoxified by Ca(OH). to adjust the pH to 10.5. The
experimental results show that after overliming 9.6 g/l of sugar loss,
0.12 and 0.03 gethanol/Jsugar Were obtained from the treatment and
untreated hydrolysate, respectively. These results indicated that
overliming could remove inhibitors from sugar maple hydrolysate
(Stoutenburg et al., 2011). Larsson et al. (1999) reported the study of
the detoxification of spruce hydrolysate by overliming treated with
different alkalis (NaOH and Ca(OH)2). They are pretreated with
0.5%w/w dilute H2SO4 and detoxified with alkaline adjusted pH to 10.
It was found that ethanol yields of 0.44, 0.42, and 0.32 Qethanol/Qsugar
were obtained from treated with Ca(OH)2, NaOH and untreated
hydrolysate, respectively. This study illustrated that Ca(OH)2 could be
more efficient for removing inhibitors than other alkaline (Larsson et
al., 1999). Van Zyl et al. (1988) reported the highest ethanol yield
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compared to overliming detoxification with different alkalis (NH4OH,
NaOH, and Ca(OH)z). In their experiment, sugarcane bagasse was
pretreated with 1.8% dilute H2SO4 and fermented by P stipitis CSIR-
Y633. The results showed the highest ethanol yield 0.25 gethanol/Qsugar
obtained from treated hydrolysate with Ca(OH)2 to pH 10 (Van Zyl et
al., 1988).

This paper focus on the detoxification of inhibitory compounds
from sugarcane bagasse hydrolysate. Hydrolysate would be pretreated
by dilute H2SO4 and detoxified by overliming with Ca(OH)2. The
optimum conditions of overliming detoxification were determined by
response surface methodology using a central composite design. P.
stipitis TISTR5806 (Huang et al., 2009) was used as a microorganism
in this experiment due to its high ability to convert both pentose and
hexose sugars into ethanol with high ethanol yield.

2. Materials and methods
2.1 Raw material preparation

Sugarcane bagasse was used as the raw material for the experiment
at a local Chiang Mai, Thailand market. The raw material was washed
to eliminate impurities with distilled water and dried at 105°C for 3
days in a hot air oven. After that, the biomass size is reduced by
crushing the machine. For chemical pretreatment through hydrolysis
reaction using 2.0% v/v dilute H2SO4 at the reaction temperature of
121°C, pressure of 15 psi with 60 min reaction time in an autoclave,
and 1:20 for solid/liquid ratio. Next, the sample from the hydrolysis
process was separated into liquid and solid by a vacuum pump, which
is used as a substrate for detoxification and fermentation, as shown in
Figure 1.
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Figure 1. Preparation of sugarcane bagasse hydrolysate process.
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2.2 Experimental design and RSM

The optimum detoxification conditions using central composite
design (CCD) with Design Expert version 13 (trial version) were used
as statistical software. The experimental design is comprised of 3 levels
and 3 factors according to independent variables in terms of
overcoming detoxification, pH (A), temperature (B), and reaction time
(C). Response variables comprise reducing sugar and inhibitory
compounds (total furans and total phenolics). This experimental study
contained 15 trials with 3 different levels: minimum, mean, and high,
as shown in Table 1. The empirical model of the response variables
was in the form of quadratic models according to Equation 1.

Y=Bo Py Aty B+B;C+B1; AB+B, s ACHS,3BCH S, A%+ f5,B%+B35C? [1]

The quadratic term above, where Y represents the response for the



variable, and fu1 is the regression coefficient. The terms of S12AB, fi3
AC, [3BC are interaction coefficients. The terms of quadratic
coefficients are Bi1 A% B2 B2, and S C2. This empirical model is used
to determine and predict the optimum detoxification conditions.

Table 1. Central composite design on response surface methodology
for overliming detoxification of inhibitors.

Independent variables Minimum Mean Maximum
(A) pH 7 10 12.0
(B) Temperature (°C) 20 40 60
(C) Reaction time (min) 30 60 90

2.3 Detoxification methods

The hydrolysate will be reacted with 20% w/v Ca(OH): to
gradually adjust the pH of the hydrolysate to 7.0, 10.0, and 12.0. The
optimum overliming detoxification conditions were obtained from the
central composite design (CCD). Under these conditions, inhibitory
compounds were detoxified to reduce their negative effects on
fermentation, as shown in Figure 2.

Hydrolysate Detoxification Ca(OH), Adjust Hydrolysate
- o Overliming 20% wiv pH 7.0,10.0,12.0
Overl . Optimal conditions Design expert

veriming (pH, Temp, Timc) RSM

Filtration .

Figure 2. Overliming detoxification of sugarcane bagasse hydrolysate
process
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2.4 Detoxification methods

P.stipitis TISTR5806 was obtained from the Thailand Institute of
Scientific and Technological Research (TISTR) in Bangkok and was
used in this experiment. This microorganism culture grew in the agar
plate, which contains malt extract, yeast extract, peptone, and glucose,
which keeps microorganisms at 30°C in the incubator.

2.5 Inoculum and fermentation

Inoculum of P. stipitis TISTR5806 in 1.0 liter of solution that
contains 3.0 g of malt extract, 3.0 g of yeast extract, 5.0 g of peptone,
and 10.0 g of glucose. This medium will be prepared in 250 ml of a
conical flask, sterilized in an autoclave at 121°C for 15 min, cooled
down and cultured in this solution. This culture medium will be shaken
at 120 rpm in an incubated shaker and controlled at 30°C for 24 h. The
fermentation process used 200 ml of hydrolysate substrate. The sample
in the flask contained 5.0 g/l of initial cell concentration and
hydrolysate (detoxified and non-detoxified). The hydrolysate must be
sterilized in an autoclave at 121°C for 15 min and adjusted to a pH of
5.5. All samples were fermented in an incubated shaker at 30°C and
120 rpm. That could be a fermentation time of 96 h and a sample
collection of 10 ml every 12 h to analyze cell growth rate, reducing
sugar, and ethanol.

2.6 Analytical methods

The study of the hydrolysate and fermentation sample involved
determining the total sugar, inhibitory compound, cell growth rate, and
ethanol yields. The chemical compositions and ethanol were analyzed
using spectrophotometric techniques. Total sugar was determined by
phenol-sulfuric acid method at 540 nm (Nielsen, 2010). Reducing
sugar was determined by using dinitro salicylic methods at 540 nm
(Miller, 1959). Total furan compounds were analyzed by using a
spectrophotometer at 284 nm and 320 nm and calculated using a
calibration curve (Martinez et al., 2000b). Total phenolic compounds
were analyzed using the Folin-ciocalteu assay method at 760 nm
(Blainski et al., 2013). Cell concentration in the hydrolysate
fermentation sample was measured by using the optical cell density
(OD) solution method at wavelength 600 nm (Myers et al., 2013). Dry
cell concentration was calculated using a calibration curve of
absorbance and dry cell weight. Ethanol concentration was measured
by using the dichromate method at wavelength 585 nm (Seo et al.,
2009).

3. Results and Discussion

The optimization conditions of this study involve overliming
detoxification of inhibitory compounds in sugarcane bagasse
hydrolysate by using response surface methodology (RSM) to enhance
ethanol fermentation. For the detoxification process, Ca(OH). was
used as a chemical in the form of a solution to remove inhibitory
compounds. This research aims to study the effect of independent
variables, such as pH, temperature, and reaction time, on inhibitory
compounds and sugar reduction. The study will compare the results
before and after the experiment. P. stipitis TISTR5806 would ferment
sugarcane bagasse hydrolysate in an ethanol fermentation process.

3.1 Chemical compositions of raw materials

The characteristics of sugarcane bagasse were high sugar content,
availability for feedstock, cheap raw materials cost and a high potential
substrate for ethanol production. Generally, sugarcane bagasse
comprises cellulose and hemicellulose, which could degrade into
monomeric sugar (pentose and hexose). These sugars would be used as
carbon sources for ethanol fermentation. While lignin degraded into a
complex polymer comprised of aromatic compound (Sabiha-Hanim &
Abd Halim, 2018).

3.2 Detoxification methods

The physical and chemical pretreatment process of sugarcane
bagasse was provided for fermentation, which breaks down both
cellulose and hemicellulose structures to obtain fermentable sugar that
consists of pentose (xylose and arabinose) and hexose (glucose,
mannose, and galactose) (Chandel et al., 2011; Mosier et al., 2005).
Microorganisms use these sugars as carbon sources in ethanol
fermentation. The sugarcane bagasse was pretreated using a 2.0% v/v
dilute H2SO4 solution at a temperature of 121°C for 60 min. After acid
breaks down, chemicals are made that stop the process from happening.
These include phenolics, furan derivatives (furfural and 5-
hydroxymethyl furfural (SHMF)), and weak acids (formic acid and
acetic acid). These compounds would reduce ethanol fermentability,
resulting in a lower ethanol yield. A hydrolysate was produced and
utilized as a fermentation substrate. The chemical composition of
sugarcane bagasse hydrolysate is shown in Table 2.



Table 2. Chemical compositions of sugarcane bagasse hydrolysate

Compositions Amount
Total sugar (g/l) 69.39
Reducing sugar (g/1) 58.20
Total Furans (mg/l) 16.94
Total Phenolics (pg/l) 21.25

3.3 Response surface models for detoxification

Overliming with Ca(OH)2 was selected to detoxify these compounds
(furfural, 5HMF, phenolics, and weak acids). The overliming method
had a high efficiency for removing inhibitors, especially furan
compounds, which could precipitate toxic compounds at high pH
conditions, and a low cost of operation (Antunes et al., 2012). A central
composite design (CCD) on RSM was used to design an experiment.
The experiment on response models for chemical compositions in
sugarcane bagasse hydrolysate includes reducing sugar and inhibitory
compounds (furans and phenolics). The quadratic model was used as a
response surface design for these responses to predict results compared
with the experimental results. These regression models obtained from
the RSM design were used to determine the optimum conditions for
detoxifying inhibitory compounds. The experimental design included
three independent variables: pH (A), temperature (B), and reaction time
(C). These variables affect the removal of inhibitory compounds. The
equation for quadratic models is shown in Equation 2-4.

Where Y was the predicted concentration response. Variables A,
B, and C were pH, temperature (°C), and reaction time (min),
respectively. The analysis of variance (ANOVA) was used as a
statistical tool to express the response models. The summarized
analysis of variance is shown in Table 3, which was analyzed by the
statistical program of Design-Expert version 13 (trial version). The
results indicated that the response model was highly significant. The
P-value, R?, and F-value were used to describe the significance of each
independent variable that resulted in the response model. From the
experiment, the response of the reducing sugar model had a P-value =

0.0478, R? = 0.8978, and F-value = 4.88. The response of inhibitory
compounds models furans had P-value = 0.0138, R? = 0.9405, and F-
value = 8.78, and phenolics had P-value = 0.0372, R? = 0.9806 and F-
value = 5.52. These models have a p-value <0.05, which illustrates that
these models fit well with experimental data. These independent
variables were statistically significant for reducing sugar, total furans,
and total phenolics. The interaction between these variables in the
response model is shown in Table 4-5.

Reducing sugar (g/l)

Y reducing sugar = -19.9299 + 14.9395A + 0.122582B + 0.425613C -
0.0672AB -0.0285AC + 0.000017BC - 0.878439A2 +
0.00671419B% -0.00129587C? [2]

Total furans(mg/l)

Ytotal furans = 21.8905 + 0.744943A - 0.264709B + 0.00374048C +
0.0380845AB + 0.012025AC - 0.000287583BC - 0.238914A2
- 0.00169104B2 -0.00127183C? [3]

Total Phenolics (ug/l)

Ytotat phenotics = 18.4696 - 1.35363A + 0.0514547B + 0.0485564C +

0.0014405AB + 0.00378533AC — 0.000085BC +
0.0157154A% - 0.000728222B? - 0.000789716C? [4]

Table 3. Summarized analysis of variance (ANOVA) of the experimental results of the quadratic model for the chemical compositions in

hydrolysate during overliming detoxification

Reducing sugar (g/l)

Total Furans (g/l)

Total Phenolics (g/1)

Source Sum of Sum of Sum of
F-value p-value F-value p-value F-value p-value
Squares Squares Squares
Model 3906.3 4.88 0.0478 298.92 8.78 0.0138 59.63 5.52 0.0372
A-pH 3227.17 36.29 0.0018 204.95 54.18 0.0007 50.65 42.21 0.0013
B-Temperature 2.72 0.0306 0.868 16.79 4.44 0.089 0.0176 0.0147 0.9082
C-Reaction time 7.40E-06 8.32E-08 0.9998 26.17 6.92 0.0465 2.29 1.91 0.226
AB 90.32 1.02 0.3598 29.01 7.67 0.0394 0.0415 0.0346 0.8598
AC 36.55 0.411 0.5497 6.51 1.72 0.2466 0.6448 0.5374 0.4964
BC 0.0008 9.00E-06 0.9977 0.2382 0.063 0.8118 0.0207 0.0172 0.9007
A? 182.45 2.05 0.2115 135 3.57 0.1175 0.0584 0.0487 0.8341
B2 43.66 0.4909 0.5148 2.77 0.7322 0.4313 0.5136 0.428 0.5418
C2 8.23 0.0926 0.7732 7.93 2.1 0.2073 3.06 2.55 0.1713
Residual 444.68 18.91 6
P-value Significant Significant Significant
R? 0.8978 0.9405 0.9086

Remark: P-value < 0.05 Significant

Maejo International Journal of Energy and Environmental Communication



Table 4. RSM for analysis of reducing sugar from overliming detoxification of inhibitory compounds in sugarcane bagasse hydrolysate

Factors Response
Run Std pH Temperature Reaction time Reducing Sugar (g/1)
(°C) (min) Experimental Predicted Residual

1 5 7 20 90 48.77 47.22 1.55
2 13 9.5 40 9.55 38.98 34.19 4.79
3 2 12 20 30 16.15 23.21 -7.06
4 3 7 60 30 50.63 50.55 0.08
5 14 9.5 40 110.45 37 34.2 2.8

6 11 9.5 6.36 60 47.37 44.34 3.03
7 1 7 20 30 44.46 42.96 15

8 9 5.30 40 60 42.36 47.82 -5.46
9 12 9.5 73.64 60 50.4 45.84 4.56
10 8 12 60 90 6.24 13.11 -6.87
11 15 9.5 40 60 36.19 37.49 -1.3
12 7 7 60 90 56.54 54.85 1.69
13 4 12 60 30 10.44 17.36 -6.92
14 10 13.70 40 60 9.16 -3.89 13.05
15 6 12 20 90 13.47 18.92 -5.45

Table 5. RSM for analysis of inhibitory compounds from overliming detoxification in sugarcane bagasse hydrolysate

Factors Response
Run Std H Temperature  Reaction Total furans (mg/l) Total Phenolics (pg/l)
P (°C) time (min) Experimental Predicted Residual Experimental Predicted Residual
1 5 7 20 90 12.48 11.85 0.6286 11.13 10.91 0.22
2 13 9.5 40 9.55 10.9 9.48 1.41 8.5 9.17 -0.67
3 2 12 20 30 1.23 2.72 -1.49 8.84 7.63 1.21
4 3 7 60 30 10.97 104 0.57 12.14 12.22 -0.08
5 14 9.5 40 110.45 3.17 4.83 -1.66 7.74 7.8 -0.06
6 11 9.5 6.36 60 11.69 10.35 1.34 8.58 9.61 -1.02
7 1 7 20 30 15.22 16.08 -0.86 12.31 12.19 0.12
8 9 5.30 40 60 11.58 12.69 -1.1 14.52 14.01 0.51
9 12 9.5 73.64 60 5.03 6.62 -1.59 10.03 9.73 0.30
10 8 12 60 90 4.38 3.35 1.04 7.99 7.6 0.40
11 15 9.5 40 60 10.44 10.39 0.04 10.62 10.49 0.13
12 7 7 60 90 7.14 5.48 1.66 10.04 10.74 -0.69
13 4 12 60 30 4.2 4.66 -0.46 8.25 7.95 0.30
14 10 13.70 40 60 0.52 -0.35 0.86 6.3 7.53 -1.24
15 6 12 20 90 1.7 2.1 -0.40 8.08 7.48 0.59

3.4 Optimization of detoxification

Figure 3 shows the response surface curve of the interaction
between pH, temperature, and reaction time in reducing sugar
concentration. It was found that increasing the pH using the Ca(OH):
affects the decrease of reducing sugar while raising the reaction
temperature effect on releasing reducing sugar. The response surface
curve illustrated that increasing these two variables resulted in the
release of a high amount of reducing sugar. However, with the
increasing pH, sugar loss also occurred due to the ability of Ca(OH)2
to react and precipitate, reducing sugar. From these results, The
experiment with high reaction temperature and reaction time shows
high reducing sugar. The high reaction temperature shows that
structures of both cellulose and hemicellulose will be broken down
into monomeric sugar according to a long reaction time caused by
lignocellulose structure contacted with acid between hydrolysis
reaction that could obtain a high amount of fermentable sugar
(Excoffier et al., 1991). The results are related to Mustafa Germec et
al. (2016), studied ethanol production from rice hull by response
surface methodology to determine the optimum conditions for
reducing high-reducing sugar. It was found that increasing
temperature and time could be obtained from high fermentable sugar.
Baig and Dharmadhikari (2014) studied the optimization of
detoxification of cotton stalk hydrolysate by overliming 75% H2SO4
hydrolysis. The results show that increasing the pH of hydrolysate
using CaO results in the loss of fermentable sugar. This study found

that at pH 7.0, 10.0, and 12.0, loss of fermentable sugar occurred 6.68,
14.57, and 25.30%, respectively.

Reducing suger {90

Predicted vs_ Actual

Reducng e (g

Figure 3. 3D response surface curve of reducing sugar on overliming
detoxification process: (A) effect of pH and temperature, (B) the effect
of pH and reaction time, (C) the effect of temperature and reaction
time and (D) the actual and predicted value of reducing sugar.



Figure 4 shows the response surface curve of total furans on
overliming detoxification. Increasing pH and reaction temperature
results in lower total furans contents, which means that the total furans
could be removed at high pH and reaction temperature. Meanwhile,
increasing reaction temperature and time shows the removal of total
furans. These results indicated that increasing these variables could
affect the elimination of total furans from the hydrolysate.

A - //,‘\\ B
s + l 2

Figure 4. 3D response surface curve of total furans on overliming
detoxification process: (A) effect of pH and temperature, (B) effect of
pH and reaction time, (C) effect of temperature and reaction time and
(D) actual and predicted value on reducing sugar.
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Figure 5. 3D response surface curve of total phenolics on overliming
detoxification process. (A) effect of pH and temperature, (B) the effect
of pH and reaction time, (C) the effect of temperature and reaction
time and (D) the actual and predicted value of reducing sugar.

Figure 5 shows the response surface curve for total phenolics on
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overliming detoxification. It was found that increasing pH and reaction
temperatures showed lower total phenolic content. These high
concentrations could help eliminate total phenolics. Previous studies
conclude that increasing these variables, total furans and total phenolics
has a high removal efficiency. The optimum concentration of total
furans removed was 92.69% by overliming detoxification. The
overliming detoxification with Ca(OH)2 showed a higher percentage of
elimination of inhibitory compounds than another alkali studied by
Mateo et al. (2013). Meanwhile, Mohagheghi et al. reported the effects
of pH from 9 to 11 on overliming with Ca(OH)z. It was found that pH
10 enabled the highest overall ethanol yield (Mohagheghi et al., 2006).
Central composite design (CCD) was used as a tool for the experiment
design. The three independent variables and the level of factors for the
response of reducing sugar and inhibitory compounds are shown in
Tables 4 and 5. The optimum conditions for removing inhibitory
compounds from sugarcane bagasse hydrolysate were selected at a pH
0f 7.0, 10.0, and 12.0. The results showed that reducing sugar was 56.54
g/l at a pH of 7.0, a reaction temperature of 60°C, and a reaction time
of 90 min. This optimum condition was suitable for detoxification due
to the high amounts of reducing sugar. Total furans had a maximum
concentration of 15.22 mg/l with the treated sample at pH 7.0, 20°C
temperature, and 30 min for reaction time. Total phenolics had a
maximum concentration of 14.52 pg/l, with the treated sample at pH
5.30, reaction temperature of 40°C, and 60 min for reaction time. Two
of these conditions for inhibitory compounds were inappropriate for the
detoxified condition, which showed the lowest removal of inhibitors.

In contrast, the lowest amount of reducing sugar was observed at a
concentration of 6.24 g/l when the sample was handled at a pH of 12,
reaction temperature of 60°C, and a reaction time of 90 min. This
scenario demonstrates that an elevated pH during overliming reduces
sugar content, which is an unfavourable situation for detoxification as
it results in a lower sugar yield. The minimum of total furans for the
inhibitory compounds was 0.52 mg/l found at the treated sample of pH
13.70, 40°C temperature, and 60 min for reaction time. The minimum
of total phenolics was 6.3 pg/l, found at the same condition as total
furans. These conditions were suitable for detoxifying these compounds
due to the lowest content of inhibitory compounds. In addition, the
effect of reaction temperatures of 20, 40, 60, and reaction times of 30,
60, and 90 min was investigated. The results showed that increasing
these two variables affects the elimination of these compounds while a
high amount of reducing sugar could be released in this condition.
These results are related to the Alriksson et al. (2006) and Millati et al.
(2002).

3.5 Optimization conditions for overliming detoxification

The experimental design on overliming detoxification using
central composite design (CCD) and the effects of independent
variables on detoxification are above. The previous experimental
results showed the independent variables (pH, temperature, and
reaction time) that affect the reduction of sugar and inhibitory
compounds (total furans and total phenolics). The experiment found
that increasing these variables affects the removal of inhibitory
compounds from hydrolysate while at high pH for hydrolysate, and
the treatment resulted in sugar loss. These results indicated they could
obtain a high reducing sugar concentration at a lower pH. To minimize



these detoxification effects, the optimum conditions were selected to
overliming detoxification conditions. From previous experimental
results obtained, the optimization conditions were the most efficient
for overliming the detoxification of inhibitors, as shown in Table 6.
The optimal conditions of detoxification were reducing sugar
concentrations of 36.19 g/l, total furans of 10.4354 mg/l, and total
phenolics of 10.6186 ug/l with the treatment condition pH of 9.5,
reaction temperature of 400C, and reaction time of 60 min. This study
of optimum conditions is similar to the experiment of Deshavath et al.
(Deshavath et al., 2017), which explained that hydrolysate
detoxification showed lower inhibitor and high ethanol yield.
Furthermore, it was found that at the optimum conditions, overliming
could eliminate total furans of 38.37% and total phenolics of 50.02%,
While this detoxified method resulted in 37.81% of sugar loss. Sugar
loss has always occurred since hydroxide degradation from Ca(OH)2
between detoxified inhibitors could convert sugar into unfermentable
compounds. These compounds could be the organic acid group (acetic
acid, formic acid, and levulinic acid) during fermentable degradation
of sugars in hydrolysate substrate (Carvalheiro et al., 2005; Cheng et
al., 2008; Lanka et al., 2011).

3.6 Ethanol fermentation

Table 7 shows the ethanol yield from fermentation by P.stipitis.
During ethanol fermentation with non-detoxified hydrolysate, about
96 h showed a decrease in reducing sugar while ethanol production
increased. Which sugar could be converted to ethanol by yeast.
Ethanol production increased quickly from during time of 12 h until
the time of 96 h. The highest recorded ethanol production at this time
was 9.27 g/l. The experiment revealed that the ethanol yield was 0.22
Oproduct/Jsubstrate aNd - @ theoretical yield of 43.42%. The ethanol
production rate of the hydrolysate without detoxification was 0.09 g/I-
h, and the specific growth rate of yeast was determined to be 0.0073
h during the fermentation process at 96 h, as shown in Figure 6. The
ethanol fermentation of detoxified hydrolysate from the overliming
process. It was found that the maximum ethanol production was 11.55
g/l, and the ethanol productivity was 0.19 g/I-h, which shows an
ethanol yield of 0.30 Qproduct/Qsubstrate and ethanol yield of 57.96%,
respectively. The specific growth rate of detoxified hydrolysate
measured during the fermentation process was 0.0179 h%, as shown in
Figure 7.

Table 6. Chemical compositions from overliming detoxification in
sugarcane bagasse hydrolysate at optimal conditions

Chemical compositions

. Total Total

Sample ;Z?:C(L;% Furans Phenolics
(mg/l) (D)
Hydrolysate (non-detoxification) 58.20 16.94 21.25
Hydrolysate (overliming) 36.19 10.44 10.62
% Removal 37.81 38.37 50.02

Figure 8 shows hydrolysate dry cell concentration and overliming
detoxification on ethanol fermentation from P. stipitis .. The growth
rate of the detoxified hydrolysate was greater than that of the non-
detoxified hydrolysate. The results demonstrated that inhibitors in the
hydrolysate can inhibit yeast metabolism during fermentation, leading

to a decrease in ethanol production. Kinetic parameters, including the
rate of sugar consumption and ethanol productivity, could support the
experiment. The higher values of these kinetic parameters during
fermentation imply that the yeast can efficiently convert reducing
sugars into ethanol without producing harmful byproducts.
Furthermore, inhibitors impacted the lower kinetic parameters of the
non-detoxified hydrolysate.

Table 7. Parameter results of ethanol fermentation from Pichia stipitis
TISTR5806

Details Hydrolysate  Overliming Detoxification
Specific growth rate (1/h) 0.0073 0.0179
Initial reducing sugar (g/L) 41.78 38.98
Final reducing sugar (g/L) 35.60 8.34
Usage of reducing sugar (%) 14.79 78.60
Ethanol concentration (g/l) 9.27 11.55
Time for maximum ethanol (h) 96 60
Ethanol yleld (gproduct/gsubslrale) 0.22 0.30
Theoretical yield (%) 43.42 57.96
Ethanol productivity (g/L/h) 0.09 0.19
43.00 10.00
a—% .00
4200 f _—
= A g 8.00
E" 41.00 ?\‘k ﬁ—” 7.00
§n 40.00 ,-"‘ ki“‘*,g\ 6.00 s
7 3900 / ~ 500 =
& 38.00 / B 400 £
g . / "&\\ 100 %’
N m
R
2 2.00
s600 |/ \ o
35.00 0.00
0 12 24 36 48 60 72 84 96
Fermentation time (h)
—#—Reducing Sugar —=-Ethanol

Figure 6. Reducing sugar and ethanol concentration production from
sugarcane bagasse hydrolysate by Pichia stipitis TISTR5806

45.00 14.00
40.00
4 e & 8 o 12.00
. 35.00 a——a T
= 7 10,00
223000 — _
4 / A ]
& 25.00 / B 8.00 %
op 20.00 / 7\ 600 3
z ~a !
g 1500 | / — A
Z / B 4.00
21000 | / ~4
5.00 :/ 2.00
0.00 0.00
0 12 24 36 48 60 72 84 96

Fermentation time (h)
—4—Reducing Sugar —=-Ethanol

Figure 7. Reducing sugar and ethanol concentration production from
overliming detoxification of sugarcane bagasse hydrolysate by Pichia
stipitis TISTR5806

Total furans could affect intracellular respiration and inhibit the
growth of microorganisms (Palmqvist & Hahn-Hagerdal, 2000).
Phenolic compounds had antimicrobial activity, destroyed the
integrity of cell membranes, and inhibited the average growth of
microbial cells, which reduced fermentation efficiency (Chen et al.,
2020; Gupta et al., 2023). In addition, a specific growth rate could
indicate the ethanol yield. Moreover, the byproduct of this process
contains gypsum, which could be used as a mixture of concrete
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(Martinez et al., 2000a). Similar results had been reported by Amartey
and Jeffries (Amartey & Jeffries, 1996) that improved fermentation of
corncob by P. stipitis CBS 6054 resulted in a total sugar of 18% and
an ethanol yield of 0.21 gproduct/gsubstrate for untreated hydrolysate.

10.0000
_ s e %
= G
2 /
] /
-]
= —
g / A A P k—fﬁ— 7
2 1.0000 / /br s
g 12 24 36 48 60 72 84 %*
3 74
o "f
=
=}
0.1000 -
Fermentation time (h)
< Overliming  —A~Hydrolysate

Figure 8. Dry cell concentration of hydrolysate and overliming
detoxification on ethanol fermentation from Pichia stipitis
TISTR5806

The total sugar was 82% and the ethanol yield was 0.32
Oproduct/gsubstrate  TOr  the  treated hydrolysate with Ca(OH).. The
overliming detoxification treatment with Ca(OH)2 could efficiently
eliminate inhibitors from rice straw hydrolysate and improve higher
ethanol fermentation. It was found that ethanol yields were 0.43, 0.37,
and 0.34 Qproduct/Qsubstrate OF Overliming, ammonia-neutralized, and
NaOH-neutralized, respectively (Lin et al., 2016). Ge et al. (2011)
reported the comparison of ethanol fermentation of overliming and
concentrated acid hydrolysate of corncob hydrolysate. The results
show that 0.39 and 0.30 Qproduct/Gsubstrate €thanol yield 34.0% and 4.3%
usage of sugar of overliming and hydrolysate, respectively.
Furthermore, Brito et al. (2018) reported the optimization of
hydrolysis palm press fiber hydrolysate using RSM. The optimum
hydrolysis conditions were 5% H>SO4 at 121°C for 60 min and
fermented by Pichia stipitis NRRLY 7124. Activated charcoal and
overliming detoxification were applied to the treated hydrolysate.
Their experimental results and detoxified condition were nearly the
results of this study.

5. Conclusion

In conclusion, the detoxification procedure, including overliming
with Ca(OH)2, was shown to be highly successful in eliminating
inhibitory chemicals from sugarcane bagasse hydrolysate. The
hydrolysate was pretreated using a 2.0% v/v dilution of H2SO4. During
the detoxification process, sugar was significantly lost, especially with
high pH concentrations. The optimal overliming parameters, pH,
temperature, and reaction time were determined using the central
composite design (CCD) in response surface methodology (RSM).
These conditions were effective in enhancing ethanol fermentation by
P. stipitis TISTR5806. Increasing all parameter effects on treatment
inhibitors and showing high elimination of inhibitors. The optimum
conditions for overliming detoxification were a reaction time of 60
min and a reaction temperature 40°C at a pH of 9.5. Consequently, the
overliming detoxification process was suitable for eliminating

Maejo International Journal of Energy and Environmental Communication

inhibitory compounds and could enhance ethanol fermentability from
sugarcane bagasse hydrolysate.
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