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Abstract

This study aims to produce a significant quantity of fermentable sugars from tubers sourced
from northern Thailand to boost bioethanol production. Bioethanol production from Amor-
phophallus spp. tubers was compared using biological and chemical approaches. The
tubers were sliced into small pieces (1-2 cm), dried in a solar oven, and powdered before
hydrolyzing with cellulase enzymes. The results revealed the fermentable sugar content
of Amorphophallus spp. tuber increased from 2.6 g/L.-19.01 g/L after enzymatic hydroly-
sis. Furthermore, under the ideal condition, the total sugar concentration was 33.22 g/L.
Enzymes help to speed up the hydrolysis process, and biological methods are also less
expensive and more ecologically friendly than chemical equivalents. After the alcoholic
fermentation, the highest ethanol content was obtained, 8.68 +£0.91 g/L, using S. cerevisiae
for 48 h. Konjac receives little attention in the biofuel industry due to its irritating nature
to the mouth and throat when swallowed, implying that competition between the fuel and
food sectors is lower than for other feedstocks such as cassava and corn. Improved ferment-
able sugars may be used in the near future for bioethanol production to address the world-
wide issue of declining fossil fuel consumption.
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1 Introduction

For several years, the primary energy sources have been non-renewable fossil fuels, oil,
natural gas, and coal (Bhuyar et al., 2021; Deepanraj et al., 2017). However, these energy
sources are inadequate to fulfill today’s most essential requirements of societies, in par-
ticular from the environmental and public health perspectives (Mejica et al., 2021; Unpa-
prom et al. 2017). Biofuels have appeared to respond to ever-increasing energy demand
worldwide (Nguyen et al., 2020a; Unpaprom et al. 2021; Saengsawang et al., 2020). By
2017, renewable energy only accounted for about 8% of Indonesia’s primary energy mix
and slightly increased to 9% in 2019. Since of the rising cost of non-renewable fuels and
the increased carbon dioxide emissions (Bhuyar et al., 2019; Lawrence et al., 2011). Biofu-
els are made from plant materials and are primarily made up of lignocellulose and starch.
Starchy tubers are more beneficial than currently accessible fuels if these materials are
transformed into biofuel. Biofuels like bioethanol have been seen to gain the peak of atten-
tion as they may be acting as the substitute to fuels that are based on petroleum and may
protect the reserves of oil and also may reduce the greenhouse gases and atmospheric car-
bon dioxide (Kausar et al., 2021; Manmai et al., 2020a; Nguyen et al., 2020b).

Konjac (Amorphophallus spp.) grows well at the edge of the forest teak, under the
clumping bamboo, on the banks of the river, in thickets, and other locations up to 2500 m
above sea level (Bhuyar et al., 2020; Kasno et al., 2007). Konjac is a type of plant tuber
with good potential and prospects as a raw material for bioethanol production, as well as
a high rate of growth. Konjac tubers have 17.5% (w/w) carbohydrate, while amylose and
amylopectin include 24.50% and 75.50% (w/w), respectively (Wankhede & Sajjan, 1981).
While using an Integrated bioprocessing (IBP) approach for the production of ethanol from
inexpensive (alternative) starch-based substrates could reduce the cost of the process, this
approach requires robust microbial hosts (such as Saccharomyces cerevisiae) that produce
both -amylases and glucoamylases in sufficient quantities to ensure complete hydrolysis of
the starchy substrate. This approach is currently under investigation (Favaro et al., 2019;
Van Zyl et al., 2012). The method of producing bioethanol from starch-based raw materi-
als begins with a hydrolysis step that converts starch to glucose, followed by a fermenta-
tion step that converts glucose to ethanol. Crude ethanol is produced by the fermentation
process and has a concentration of roughly 8—-12%. The crude ethanol can be purified by
distillation, a separation procedure.

Bioethanol has emerged as an instant feasible option in the face of rapidly deplet-
ing fossil fuel reserves and growing environmental concerns. In this work, Konjac tuber
(Amorphophallus spp.) was used to produce bioethanol. It is known locally as Konjac, and
it is a starch-based crop widely farmed in tropical nations. Because it is irritating to the
mouth and throat when swallowed, it receives little attention, implying that competition
between the fuel and food sectors is lower than for other feedstocks such as cassava and
corn. Because of these concerns, the researchers want to assess the fermentation param-
eters of Konjac tuber (Amorphophallus spp.) starch for bioethanol production in terms of
substrate concentration and yeast loading. Bioethanol is produced in three stages: pretreat-
ment, hydrolysis, and fermentation. The effect of acid hydrolysis on ethanol output was
investigated. This research would most likely introduce Konjac tuber (Amorphophallus
spp.) as a viable bioethanol feedstock. This study aimed to investigate the effect of enzyme
hydrolysis on the content of fermentable sugars and evaluate the efficacy of thermochemi-
cal pretreatment with H,SO, at various doses to boost fermentable sugar production for
efficient bioethanol production.
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2 Material and methods
2.1 Sample collection

The Konjac tubers were harvested in Thailand’s northwestern provinces (Fig. 1). The sam-
pling collected the tubers from the forest areas and was brought to the laboratory for alco-
holic fermentation. The Konjac tubers were cleaned adequately with tap water to remove
any contaminants. The Konjac tubers were then pulverized and stored at room temperature
after being chopped and dried in a solar drier. After the drying, the tubers were ground into
the fine powder and further processed for hydrolysis.

2.2 Thermochemical pretreatment

Consequently, a sample of 5 g of Konjac tuber powder was weighed and mixed with
100 mL of sulfuric acid (H,SO, 96%) at different concentrations (0%, 0.2%, and 0.4%).
A water bath (Julabo EcoTemp TW20) was used to heat the mixture, and three different
temperatures (25 °C, 50 °C, and 75 °C) were recorded. After thermal treatment, a sample
was withdrawn to determine total sugar and reducing sugar content. Acid pretreatment,
including the use of diluted sulfuric acid (H,SO,) for starch-rich feedstocks, is an effective
method for increasing the sugar content in raw materials destined for bioethanol synthesis
(Whangchai et al., 2021; Zhang et al., 2021).

2.3 Enzymatic hydrolysis

For the hydrolysis step, 35 g of Konjac powder and 700 mL of the best-resulted concentra-
tion of H,SO, were mixed in a 1L flask and were undergone thermal treatment, followed
by enzymatic hydrolysis. The pH of the pretreated mixture was measured using a poten-
tiometer (PH700 Benchtop pH Meter) and adjusted to a range of 5 to 5.5 with a NaOH
solution at [5 NJ to execute the enzymatic hydrolysis stage. The hydrolysis process was
initiated, and 1% of cellulose enzymes were added to the mixture. The combination was
stored at 35 °C in an incubator. After 24 h, a sample was taken to determine total sugar
and decreasing sugar levels. Figure 2 illustrates the procedure used to prepare Konjac tuber
powder for cellulase inoculation.

Fig. 1 Konjac a sample collection and b washed and classified Konjac tubers
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Fig.2 Process of pretreatment and enzymatic hydrolysis a Konjac powder, b chemical treatment with
H,SO,, ¢ thermal treatment, and d cellulase inoculation

2.4 Total and reducing sugar analysis

The spectrophotometry method was used to determine total sugar and reducing sugars.
The phenol sulfuric acid technique was used to determine total sugar (Dubois et al., 1956).
0.5 mL of sample was mixed with 0.5 mL of phenol solution (5% w/v) in a test tube for
the total sugar determination. After that, 2.5 mL of concentrated sulfuric acid (H,SO, at
98%) was added to the mixture, and the test tubes were placed in a water bath for 15 min
and then allowed to cool. Readings of absorbance at a wavelength of 540 nm with distiller
water as control were recorded to calculate the total sugar content. The reducing sugar was
determined by the Dinitrosalicylic acid (DNS) technique (Miller, 1959). 0.5 mL of sample
was mixed with DNS reagent in a test tube and placed in boiling water for 15 min. Then,
4 mL of distiller water was added when it had cooled. The absorbance was measured at
540 nm by using distiller water as a control. Spectrometry was utilized to quantify sugar
concentrations using a UV-Spectrophotometer detector DV-8000 (Drawell, Osaka, Japan).

2.5 Fermentation and alcohol measurement

For the fermentation step, the hydrolyzate pH was measured and ajusted in the range of
5-5.5 before being inoculated with 1% of S. Cerevisiae. Fermentation was carried out by
triplicates for 5 days and maintained at room temperature (30+35 ‘C). During the fermen-
tation process, 60 mL of sample was extracted every 24 h and alcohol, total sugar, and
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reducing sugar were determined to follow the reaction. Ethanol yield was determined using
the ebulliometry technique to compare the boiling point of a given volume of distiller water
with a known volume of the broth. An ebulliometer is a simple instrument for determining
the boiling point of pure substances or mixes that have been used to determine the alcohol
content of wines for over a century (Cottrell, 1919; Howell & Byrne, 2014).

2.6 Statistical analysis

The statistical analysis was performed using Statgraphics Centurion 19. This study’s exper-
iments were all realized three times. The results were given as the average standard devia-
tion of three replicates. At the 0.05 level, a significant difference was assessed.

3 Results and discussion
3.1 Optimization of the pretreatment

This study looked at the effects of different temperatures (T1=25 °C, T2=50 °C, and
T3=75 °C) and H,SO, concentrations (C1=0%, C2=0.2%, C3=0.4%) on thermochemi-
cal pretreatment of Konjac tuber. Samples were evaluated for total sugar and reduced sugar
(g/L) after the pretreatment and hydrolysis processes. The findings of total sugar and reduc-
ing sugars following thermochemical pretreatment are shown in Fig. 3. At 75 °C and 0.4%
deconcentration of H,SO,, the maximum concentrations of total sugars and reducing sug-
ars were 21.6+0.55 g/L and 2.396 +0.01 g/L, respectively, at 75 C and 0.4% Of H,SO,.
Srinorakutara et al., 2006 used different concentrations of H,SO, at different temperatures
to the pretreatment cassava waste.

® Total Sugars Reducing Sugars

30 A
25 1

20 A

15 4
10 A
1l
0 -
75 °C

Concentration of sugar g/L

25°C | 50 °C | 75°C | 25°C | 50 °C | 75°C | 25°C | 50°C |
0% 02 % 0.4 %

Thermochemical Pretreatment

Fig. 3 Total sugar and reducing sugar obtained after thermochemical pretreatment at different temperatures
and concentrations of H,SO,
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The experiments performed at 60 ‘C with a solution at 0.4% H,SO, reached less than
0.5 g/L of reducing sugars, and the highest reducing sugar concentration at the same
acid concentration required a temperature of 120 °C to reach almost 6 g/L. Neverthe-
less, in this study, the second-highest total sugar and reducing sugar content obtained
were 20.04 + 0.32 g/L and 2.33 + 0.02 g/L at 50 °C, respectively. A 0.2 % H,SO, is
an additional benefit because the temperature and acid concentration is lower but with
a reasonable rate of total sugars that can be broken down into fermentable sugars by
enzymatic hydrolysis. Therefore, 0.2% of H,SO, and 50 ‘C were chosen as the best
conditions for the pretreatment stage. Previous studies indicate that the best conditions
for the hydrolysis of wheat bran and rye bran were 121 and 130 °C, 1/8 and 1/8 W/V,
2.66 to 1.5% v/V, and 30 and 16 min, respectively (Demirel et al., 2021).

3.2 Enzymatic hydrolysis

Enzyme catalysts, acids, or a combination of both can be used in the hydrolysis pro-
cess. The hydrolysis of starch to glucose has been carried out using starch as a sub-
strate. The process of breaking down starch molecules into simpler constituent parts
such as dextrin, isomaltose, maltose, and glucose is known as hydrolysis of starch
(Izmirlioglu and Ali 2012). Miller, in 1959, used cold and hot acids to hydrolyze the
starch in the potato starch residue stream (HCI and H,SO,). Using the Dinitrosalicylic
(DNS) acid approach, the amount of glucose generated by hydrolysis was determined
(Miller, 1959). For the hydrolysis step, 35 g of sample was mixed with 700 mL of a
solution of H,SO, at 0.2% for chemical pretreatment.

Meanwhile, the mixture was placed in a water bath for the thermal treatment at 50 C
for 2 h. After letting it cool, pH was measured and modified in a range of 5-5.5 before
being infected with 7 mL (1%) of commercial cellulase and kept at 35 “C for 24 h to
generate the hydrolysate mixture. Total sugar and reducing sugars content obtained
after the complete process was found as; 27.11+0.15 g/L and 21.60+0.14 g/L,
respectively. Hargono et al. 2016 reported 16.60 g/L as the highest fermentable sug-
ars obtained using a blend of enzymes a-amylase and glucoamylase at 1.5% each one
from Amorphophallus spp., which is lower than the reported in this study. However,
enzyme hydrolysis is more beneficial based on the milder experimental conditions, the
low energy requirements and low toxic subproducts and corrosion in the equipment
than acid hydrolysis (Pereira et al., 2021; Rosales-Calderon & Arantes, 2019).

The schematic representation Fig. 4 was demonstrating the mechanism of fermenta-
tion. Pretreatment is one of the critical steps of biochemical conversion and, generally,
one of the most expensive unit operations in any lignocellulosic biorefinery proposed.
The primary objective of the pretreatment process is to increase polysaccharide access
to hydrolytic enzymes by reducing the content of lignin and reducing crystalline cel-
lulose content as much as possible (Behera et al., 2014; Casabar et al., 2019; Manmai
et al., 2020b). The standard view is that a-amylase is the restrictive digestive enzyme
that determines the digestive rate overall. In granular starch digestion, this is true: By
dividing giant molecules endo-wise, -amylase provides fresh substrates for amyloglu-
cosidase (Zhang et al., 2015). Neutralizing the hydrolyzed starch solution with NaOH
was employed as a yeast growth or fermentation substrate. Thus, the highest amount of
yielded fermentable sugars was employed for the fermentation step.
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CgH(Os + nH,0 — nCgH;,04

Starch + Water — Glucose

C6H,,06 — 2C,H;0H + 2CO,
Pretreatment & Hydrolysis

Glucose — Ethanol

WO EJUAULId

Fig.4 Schematic representation of the mechanism of pretreatment, hydrolysis, and fermentation

3.3 Ethanol yield

Fermentation is a natural process in which microbes make alcohol and organic acids such
as vinegar and lactic acid from sugar (Khammee et al., 2021a, 2021b). Yeast produces
bioethanol, particularly Saccharomyces spp., or bacteria, Zymomonas mobilis, ferment-
ing sugar-containing compounds such as glucose, sucrose, or fructose. Sugar was trans-
formed to ethanol and carbon dioxide gas following the fermentation reaction described
as; C¢H,,04— 2CH;CH,0OH+2CO, (Najafpour et al., 2004; Ramaraj et al., 2021). For
ethanol production, the hydrolysate mixture was inoculated with 1% w/v S. cerevisiae. The
broth was kept at room temperature (30+5°C) for 5 days. The fermentation reaction was
followed by measuring the alcohol content and the total sugar and reducing sugar every
24 h, as shown in Fig. 5.

The highest ethanol content was 8.68 +0.91 g/L, which is higher than the almost 4% v/v
reported by Puskas et al., 2020 using S. cerevisiae after 48 h of the alcoholic fermentation.

However, in the same study, the highest ethanol production, 11.92% v/v, was reported after
216 h, which means an exponential phase of 9 days compared with the 42 h needed in the
present study. Following the growth phases of S. cerevisiae, the exponential phase takes part
after the lag phase of adaptation. During this phase, yeast cells grow at a logarithmic rate by
fermenting glucose to ethanol resulting in the correlation between the highest ethanol con-
centration reached and the maximum cell yeast growth during the fermentation (Busti et al.,
2010; Henderson et al., 2013; Matmati & Hannun, 2008). As previously mentioned, ethanol
fermentation strategy through the total use of fermentable sugar from sugarcane bagasse has
been suggested. The diluted sulfuric acid pretreatment for sugar cane bagasse initially resulted
in 89.5% solubilizing hemicelluloses and 82% recovering from it as monomeric sugars (xylose
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Fig.5 Total sugar, reducing sugar, and ethanol production through fermentation step
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and arabinose) in the liquid stream (Dionisio et al. 2021). Meanwhile, ethanol measurements
after 48 h presented a decrement, indicating that most of the sugar has been consumed, which
means that the exponential fermentation took part during the second day. To extend the expo-
nential fermentation and increase the ethanol yield, it is necessary to increase the content of
fermentable sugars in the hydrolysate mixture before proceeding with the fermentation step
(Larrea et al., 2020). Table 1 representing the various kinds of tubers utilized as the lignocel-
lulosic biomass for bioethanol production. The results obtained from this study are much fea-
sible compared with the literature survey data as mentioned in Table 1.

4 Conclusion

An efficient amount of bioethanol can be generated from Konjac tubers (Amorphophallus
spp.). The thermochemical pretreatment procedure was used to improve enzyme accessi-
bility and to achieve high sugar concentrations with great success. The chemical compo-
sition of the treatments varies with temperature and acid concentration. Obtained results
showed that the conditions for the effective pretreatment of Konjac tubers were at 50 C
and H,SO, at 0.2% to archive the highest concentration of fermentable sugars after the
enzyme hydrolysis of 21.60+0.14 g/L. The optimized conditions for thermochemical pre-
treatment followed by enzyme hydrolysis were conducted to enhance ethanol production
with a concentration of 8.68 +0.91 g/L after 48 h of fermentation. As a result, the tubers
of Amorphophallus spp. can be used as a feedstock for bioethanol production. The food vs
fuel competition is gaining much attention through the lignocellulosic bioenergy advance-
ments. The use of non-edible starchy tubers may be utilized for next-generation bioenergy
production.
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