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Reuse of wheat flour liquid waste for enzymatic
hydrolysis to yield glucose-derived bioethanol

N.K. Sari'*, LY. Purbasari?, P.W. Anggoro?, J. Jamari* and A.P. Bayuseno*

Abstract: Wheat flour liquid waste (WF-LW) is a potential biomass that is chemi-
cally pre-treated before being enzymatically hydrolyzed to produce glucose-derived
bioethanol. This study investigated the effects of pH on the pretreatment process
and the subsequent hydrolysis of WF-LW in the presence of amylase (AE) and
maltose enzymes (ME). In the experiment, WF-LW at varying volumes from 200 to
1000 mL was treated with 5 to 25 mL of HCl and stirred for 30 minutes and at the
temperature of 40°C. Impurities were removed prior to hydrolysis. Following that,
a hydrolysis with an AE of 11% w/v and ME of 9% w/v resulted in a glucose content
of 24.9% v/v. Moreover, 0.859 mL of HCl was added to achieve the best results,
which were then optimized using SRM (surface response methodology) at a pH of
8.85 in a WF-LW volume of 1165.69 mL. The optimization of the pH and fermenta-
tion process in the presence of amylase and maltase enzymes resulted in increased
glucose production and a decrease in the LW-TW treatment volume, which was
651.426 mL. These discoveries would become an appropriate approach for the
subsequent fermentation process, resulting in the highest glucose levels possible.

Subjects: Manufacturing & Processing; Mathematics & Statistics for Engineers; Engineering
Mathematics; Chemical Engineering; ChemicalProcessing & Design

Keywords: wheat flour liquid waste; pH; amylase and maltose enzymes; surface response
methodology (SRM)

1. Introduction

Bioethanol production from corn and sugarcane feedstocks has attracted considerable interest
due to the potential for converting biomass content into biofuels. In terms of energy supplies,
biomass or bioenergy is presently the fourth-largest energy source in the world, making it a viable
alternative to fossil fuel-based energy sources (Selvakumar et al., 2022). Accordingly, biofuels
derived from biomass have the potential to be a viable foundation for sustainable energy to
meet the world’s ethanol raw material needs (Sarkar et al, 2006; Teymouri et al, 2005).
However, the development of biofuels derived primarily from food crops raises issues concerning
environmental conservation, in addition to the inherent conflict with food production, the large
fertilizer and water requirements, the scarcity of modern agricultural practices in developing
economies, and issues concerning environmental conservation (Selvakumar et al., 2022). On the
other hand, environmental concerns about greenhouse gas emissions from the use of fossil fuels
have caused fuel prices to rise. Therefore, the recent price disparity in the oil market has prompted
extensive research into the production of lignocellulose-based biofuels. Moreover, significant
efforts have been made in this field to efficiently convert lignocellulose into a value-added biofuel,
namely cellulosic ethanol, via sugar fermentation (Kuhad et al., 2010; Limayem & Ricke, 2012,
Nibedita et al., 2012; Teymouri et al., 2005; Sarkar et al., 2006).

© 2022 The Author(s). This open access article is distributed under a Creative Commons
Attribution (CC-BY) 4.0 license.

© @

Page 1 of 17


http://crossmark.crossref.org/dialog/?doi=10.1080/23311916.2022.2101229&domain=pdf
http://creativecommons.org/licenses/by/4.0/

Sari et al., Cogent Engineering (2022), 9: 2101229 ‘;K;' Cogent P eﬂg | nee ri ng

https://doi.org/10.1080/23311916.2022.2101229

Alternatively, the abundance of agricultural waste is a potential raw material for converting
lignocellulosic biomass into glucose-derived bioethanol, which has both energy and environmental
benefits. Reusing agricultural wastes for bioethanol production, in particular, may reduce competition
between food and biofuels (Selvakumar et al., 2022). As a result, the land use pattern and efficiency of
land use would be altered, requiring more complex processing machinery, higher production costs,
and larger-scale facilities, limiting their ecological and financial viability. Instead, pretreatment,
hydrolysis, and fermentation stages are primarily required for bioethanol production from lignocellu-
losic biomass to improve yield (Selvakumar et al.,, 2022, 2019). This biomass fermentation process has
the potential to generate glucose, xylose, and bioethanol (Sarkar et al., 2006). Sago waste processing
for bioethanol production yielded 47% v/v glucose and 15.6% v/v ethanol (Thangavelu et al., 2014).
The presence of disaccharides and maltose during enzyme hydrolysis reactions to produce glucose
may influence the starch’s low ethanol concentration in this case (Karimi et al., 2006).

Another potential source of bioethanol is rice flour liquid waste, which can be hydrolyzed with
bacillus microbes to produce 5-10% glucose. Particularly, Saccharomyces Cerevisiae fermentation
produced 11-16% bioethanol (Sari, Sutiyono et al., 2016), whereas Saccharomyces Cerevisiae and
Zymomonas mobilis fermentation produced 10-15% bioethanol (Sari & Ernawati, 2019). A batch
distillation system, in particular, produced 36% v/v bioethanol (Sari, Sutiyono et al., 2016).

Instead of sago waste processing, pretreatment of purple sago with nitric acid (HNO3) produced
ethanol-derived cellulose, whereas delignification was used to remove the lignin content. Prior to
fermentation, this process is required to reduce the lignocellulosic fraction and obtain suitable
cellulose biomass (Kuhad et al., 2010). In contrast, the microwave hydrothermal Sago pulp hydro-
lysis process may generate ethanol through carbon dioxide removal (Thangavelu et al., 2014). The
hydrothermal method, in particular, consumes less energy than the fermentation process without
enzymes. In the absence of acids or catalysts, the hydrolysis of sago pulp, including pretreatment
and distillation, can produce 15.6% ethanol (Balat et al., 2008). Furthermore, AFEX-optimized
enzymatic hydrolysis and thermochemical pretreatment methods have resulted in higher ethanol
levels (Teymouri et al., 2005). Using ethanol purification, batch, and flash distillation techniques,
bioethanol-derived cellulose yielded nearly 95-96% v/v bioethanol (Sari & Dira, 2018).

Several studies have recently been conducted for bioethanol production by acid pretreatment of
waste feedstock optimization using sulfuric acid hydrolysis (Dubey et al., 2012). For lignocellulosic
biomass pretreatment, the use of sulfuric (H,SO,) and phosphoric (H3PO4) acids provided an
environmentally friendly and relatively inexpensive method of hydrolyzing lignocellulose.
However, the acid effects are insignificant in the production of bioethanol. Hydrochloric acid
(HCl) treatment, on the other hand, is preferable for easy recovery but is more volatile and
aggressive than H,SO, (Demirbas & Demirbas, 2008). Furthermore, nitric acid (HNO3) converted
cellulose to sugar faster than sulfuric acid (Tutt et al., 2012), but it is more expensive. In this case,
lignocellulosic pretreatment is advantageous because it provides a technical and cost-effective
means of ensuring cellulosic ethanol’s environmental sustainability.

Despite the environmental benefits of cellulosic ethanol production, the economic viability of
lignocellulosic pretreatment has become a major concern, necessitating significant technological
advances in the development of effective and low-cost enzymes, feedstocks, and efficient process
design. To improve carbohydrate preservation and reduce the formation of degradation products,
depth knowledge with chemical pretreatment methods is required. The primary considerations for
the process are maximizing sugar yield under mild reaction conditions while minimizing solvent
load, enzyme requirements, and waste accumulation (Bensah & Mensah, 2013). The development
of AE and ME cultures, in particular, may take a long time; in this way the growth rates of AE and
ME remain low. As a result, use of more effective and efficient AE and ME cultivation techniques is
essential. Previous studies (Sarkar et al, 2006; Thangavelu et al., 2014; Karimi et al., 2006)
investigated how the presence of disaccharides and maltose during the enzyme hydrolysis reac-
tion to produce glucose affected the low concentration of starch ethanol.
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This study used the starch content of liquid tapioca flour waste as a feedstock to be chemically
pre-treated and then hydrolyzed to produce glucose. For optimal results, each pretreatment
method was performed on the same feedstock, while enzymatic hydrolysis and fermentation
with the same enzymes, namely maltase or amylase, were used. The method would be the most
effective way for converting wheat flour liquid waste into biofuel with a high bioethanol content.
As a result, the SRM (surface response methodology) method was used to solve the associated
difficulties encountered during the processing of WF-LW hydrolysis at 40°C, as well as the varying
volume between experiments and optimization. The initial pretreatment process with HCl was
conducted to remove impurities and harmful byproducts in WF-LW, whereas the hydrolysis process
with AE and ME with certain variables was performed to obtain optimal glucose as raw material for
bioethanol production.

In this current study, the SRM method was used to optimize pH values with HCl during the WF-LW
pretreatment process. The use of HCl in bioethanol hydrolysis revealed that the fewer H* groups there
are in HCl, the more reactive the hydrolysis reaction. However, sulfuric acid (H,SO,) was not used for
hydrolysis, because of having two H* groups and needing a longer reaction time. The study’s findings
would allow for the commercialization and standardization of the quality and production process of
WF-LW hydrolysis using improved low-cost techniques currently used by small industrial groups such
as restaurants and large industries, particularly in Surabaya (East Java, Indonesia), such as PT.
Indofood Sukses Makmur, Tbk. Accordingly, indigenous culture AE and ME cultivation in Indonesia
is recommended for the potential development of WF-LW as bioethanol.

2. Background theory

2.1. Enzymatic hydrolysis and fermentation

The structure of starch is more complex than that of disaccharides. As a result, the fermentation
process necessitates the use of AE (Amylase Enzyme), which is abundant in germinated wheat.
Following that, maltose is hydrolyzed to glucose, as shown in [Eq. 1 and Eq. 2]:

1 _amilase 1
(CsH1005), +§”Hzofam—m>Jse§nC12szou (1)

funy

5 nCi2H2,011 + %HHZO £ Maltgse %ﬂcsleos (2)
Here, the amount of starch in the raw material, the pH, the acid concentration used, the hydrolysis
time, and temperature, as well as the catalyst, all have an impact on the hydrolysis process
(Kumar et al., 2009; Sari & Dira, 2018). Meanwhile, the type of microbe used in bioethanol
production affects the fermentation process. During this process, only 3-18% alcohol can be
obtained, whereas after distillation, up to 29 and 50% alcohol can be obtained (Dubey et al,
2012; Limayem & Ricke, 2012). Furthermore, fermentation may result in a dilute alcohol solution,
whereas yeast cells may die if the ethanol content exceeds 12-15%. As a result, the following
reaction (Eq. 3) produces 51.1% ethanol and 48.9% carbon dioxide:

CeH1,06 2% 2C,HsOH + 2€0, 3)

Furthermore, the required temperature and humidity are 40°C and 43-45%, respectively. The ideal
alcoholic fermentation process may yield 48.8% ethyl alcohol, 46.6% carbon dioxide, 3.3% gly-
cerol, 0.6% succinic acid, and 1.2% cellulose, respectively (Kuhad et al., 2010; Nibedita et al., 2012).
Another factor is a pH in the range of 4-5, which aids in the production of enough lactic acid for
yeast growth. The fermentation process in the pH ranges from 6.3 to 7.7 may produce good
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glucose levels, whereas butyric acid bacteria have a negative impact (Demirbas & Demirbas, 2008;
Sari et al., 2017). Moreover, time, temperature, and sugar concentration all have an impact on the
fermentation process. Hence, the optimal time should be between 36 and 50 hours, and the ideal
temperature should be between 25 and 30°C.

2.2. Optimization of bioethanol production

The glucose-derived bioethanol level in the WF-LW solution was optimized using Surface Response
Methodology (SRM), which generates a mathematical model that correlates to a Y-response based
on X-free variables. The function presenting the Y-response and X-variables can be expressed as
follows [Eq. 4]

Y = (X1, X2, X¢) + € (4)

Where Y is the response variable, f (X3, X3, Xi) is an X-variable function, and € represents an error.
SRM can generate a function of the first-order polynomial equation relating the Y-response and the
X-factor, written as [Eq.5]:

k
Y = X
Bo +i§1 Bo (5)

Meanwhile, a second-order model of function for a polynomial equation of the second-order can
be expressed as [Eq.6].

k k k—1k
Y=Bo+ X BoXi+ X BiX+ ZZBiJXin-l—E )
i=1 i=1 i=1, j=

SRM was used to examine glucose levels by optimizing pH during the pretreatment process.
X-variables such as WF-LW volume and HCl concentration were determined in this manner,
while stirring time was fixed during the pretreatment (Duan et al., 2019; Nathan et al., 2019;
Sari et al.,, 2020; Wang et al., 2017). Alternatively, a traditional WSRM (Wavelength Shift of the
Resonant Mode) method for fluid characterization based on RNPs (Resonant Nano-Pillars)
transducer signals was used, which could be simplified using PCA (Principal Component
Analysis). Later, using regression algorithms from the ML (Machine Learning) field, the feature
of interest can be inferred (Sergio et al., 2019). After that, Matlab was used to numerically
validate the control variables in the optimal control model (Muhammad et al, 2021).
A simulation study was used to evaluate the linear representation of PDF and the model’s
performance under various estimation methods (Anum et al., 2021).

3. Materials and methods

3.1. Pretreatment for WF-LW and enzymatic hydrolysis

The stages of pretreatment and hydrolysis methods for WF-LW are depicted in Figure 1. The
pretreatment was carried out in varying volumes ranging from 200 to 1000 mL, along with HCl
5-25 mL, and then stirred for 30 minutes using a digital magnetic stirrer (MS-20D type), while
the pH was set up at values ranging from 4.5 to 8.5. The filtrate (liquid) was hydrolyzed at 40°C
with AE of 12% w/v and ME (Maltose Enzyme) of 9% w/v, while the sediments (solid) were
separated from the liquid waste and processed into solid fertilizer. As a raw material for
bioethanol products, this hydrolysis process produced glucose levels ranging from 20 to 25%
v/v. Minitab software was then used to optimize pH values in the range of 7 to 8 during the
SRM process.
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Figure 1. Pretreatment process
and hydrolysis process of the
wheat flour liquid waste.
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4. Results and discussion

4.1. Enzymatic hydrolysis for pretreatment of WF-LW

Pretreatment with 5-25 mL of HCl added to 200-1000 mL of WF-LW produced pH values ranging
from 4.5 to 7.6. (Table 1). The results showed that increasing the HCL concentration in 200 mL WF-
LW and the pH and using varying concentrations of AE and ME elevated the glucose levels.
However, decreasing the pH with higher volumes of HCl up to 25 mL led to a reduction in glucose
levels. Similarly, hydrolysis with subsequent volumes of 400-1000 mL blended with any concen-
tration of HCl at any pH yielded glucose levels ranging from 17 to 24.9% v/v with AE of 6-12% w/v
and ME of 3-15% wi/v. This glucose level was higher than the values obtained in previous studies
from hydrolysis using Bacillus, ranging from 3 to 9% v/v (Sari, Sutiyono et al., 2016).

During the experiment, changes in the pH of distilled water (substrate) were observed in each
process (Table 1). Apparently, dissolving distilled water in WF-LW produced an initial pH of 10,
which fluctuated between 4.5 and 8.5 when HCl was added to the mix solution. Adding 5 mL-HCl to
200-1000 mL of WF-LW resulted in pH values ranging from 7.5 to 8.5. The pH of the mixed solution
ranged from 4.5 to 6.5 when 25 mL of HCl was added, indicating that the higher the concentration
of HCl used to make the solution, the lower the pH. A small amount of powdered activated
charcoal may result in a lower final pH during the bleaching and filtration processes, allowing
environmental contamination.

The pH of WF-LW had an effect on glucose levels during subsequent hydrolysis. Here, pH values
ranging from 4.5 to 7.5 were optimized to 7.6 in the case of WF-LW volumes ranging from 200 to
600 mL. As a result, hydrolysis can be used as a basic enzymatic process to convert starch into more
superficial glucose structures. The gelatinization, liquefaction, and saccharification stages of the
starch hydrolysis process are all carried out by heating in a water bath. Enzymatic hydrolysis uses
enzymes to break down starch into simpler constituent parts such as dextrin, isomaltose, and glucose.

Before hydrolyzing the starch with enzymes, the cassava must be gelatinized. According to Sari
et al. (2016), the gelatinized process for wheat flour takes place at temperatures ranging from 52
to 64°C. When the temperature of the substrate solution reached approximately 50°C or it began
to coagulate, this process may be repeated. Because a coagulated substrate solution is frequently
produced during an intense liquefaction process, the temperature was kept low to keep the
substrate solution liquid. Furthermore, adding enzymes did not result in an optimal change in
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Table 1. Varying pH and glucose level values produced from pretreatment of WF-LW with HCI,

with AE and ME level addition

Volume (mL) Level (% w/v) Level (% v/v)
Amylase Maltase
WF-LW HCl pH Enzyme Enzyme Glucose
200 5 7.6 6 3 16.7
10 7.4 8 6 17.5
15 6.8 12 9 18.8
20 5.4 14 12 17.7
25 4.5 16 15 15.4
400 5 7.4 6 3 17.8
10 7.1 8 6 189
15 6.9 12 9 20.2
20 5.6 14 12 19.2
25 5.2 16 15 18.5
600 5 7.3 6 3 20.1
10 7.2 8 6 223
15 7.1 12 9 24.9
20 5.8 14 12 23.9
25 4.9 16 15 22.7
800 5 7.8 6 3 18.3
10 7.7 8 6 18.9
15 7.6 12 9 19.2
20 6.1 14 12 18.2
25 5.2 16 15 17.5
1000 5 8.5 6 3 183
10 8.3 8 6 18.9
15 8.1 12 9 19.2
20 7.2 14 12 18.2
25 6.3 16 15 17.5

starch structure, while lower gelatinization temperatures limited the starch swelling process due to
the low amount of water absorbed, namely 30%.

For varying volumes of WF-LW, the error bars were 0.918 at pH 7.7 (1000 mL) and 1.341 at pH 6.3
(200 mL), respectively (Figure 2). Table 1 shows that there was no difference between pH values of 5
and 6.5. The highest glucose level, 24.9% v/v, was associated with a pH value of 7.1, while pH of 5.5
was obtained during the pretreatment process. The optimal pH for the glucoamylase enzyme ranges
from 4 to 5, according to (Tutt et al., 2012), whereas (Sari, Sutiyono et al., 2016) and (Dubey et al.,
2012) stated that the optimum pH for glucoamylase enzyme activity reached &.5.

With the smallest error bar of 0.918 at pH 7.7, the experiment using 1000 ml of WF-LW and 5-
25 mL HCl volume provided a yield of 91.8%, which meets the superior value of 80-100%
according to SRM. This yield was more significant than those obtained at 200 mL, 400 mL, and
800 mL volumes. WF-LW had a close yield of 97.6% at a volume of 600 mL, but a pH of 6.4 was
lower than average, namely 7. According to the optimization results, the best pH for hydrolysis is
8.85. Hence, the error bar of 0.918 and pH 7.7 affected bioethanol yield.

The volume of 200 mL and the addition of 5-25 mL HCL produced an average pH of 6.3 and an
error bar of 1.341 during the hydrolysis, while the use of higher volumes between 400 and 1000 mL
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Figure 2. pH changes of solu-
tions using varying WF-LW
volumes. Notes: pH values and
their errors are presented in
the box.

Figure 3. Average glucose level
obtained from pretreatment of
WF-LW. Noted: numbers in the
bracket represent average
values along with their errors.
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increased the average pH causing a fluctuation from 0.976 to 1.169. Based on optimization theory
using SRM, error bars that meet the requirements range from 80% to 100% or 0.8-1.0. Hence, the
average pH and the best error bars, namely 7.7 and 0.918, were selected to obtain optimal glucose
and bioethanol results (Figure 2).

Figure 3 shows the average glucose levels generated from the experiments at varying volumes
of WF-LW. The high glucose level was extracted from a volume of 600 mL, while the low level was
obtained from 200 mL. This condition might be related to the activity of the enzyme and the pH of
the solution.

4.2. Optimized pH changes in the hydrolysis process

The effects of the WF-LW (X1) and HCl volume (X2) variables for the pretreatment process in
a stirred tank on pH and yield responses were investigated. SRM determined the significance of the
parameter regression coefficients. Figures 4 and 5 show plots of the response variables against
selected X1 and X2 parameters in waste treatment. For optimum pH values of 8.85, 1165.69 mL of
WF-LW, and 0.857 mL of HCl, the negative linear and quadratic effects of X1 and X2 on pH with
Composite Desirability = 1 were very significant. In contrast, linear interactive results were found to
be less critical. The optimized pH target of 8.5 in Table 2 indicates that the SRM approach slightly
increased the pH required for hydrolysis of WF-LW in an optimum volume of 1165.69 mL and the
addition of 0.857864 mL HCL. Changes in pH solutions were then examined using the regression
analysis [Eq. 7 and Eg. 8]:
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Figure 4. The volume of WF-LW
(mL) versus HCl volume influ-
encing pH solution.

Figure 5. Surface characteris-
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0 .000056(WF — LW volume) * (HCl volume)

7)

pH = 8 .30 — 0.00274X; —0.073X, —0 .000003X3 —0 .00233X3 + 0.000056X; X, (8)

WF-LW at 1000 mL produced an average pH of 7.7 with the addition of 5-25 mL HCl, with an
error bar of 0.918 and a yield of 91.8%, which meets the ideal value of 80-100%. WF-LW had
a yield of 97.6% at 600 mL but a pH of 6.4, which is less than the standard value of 7. According to
the optimization results, the best pH for hydrolysis and subsequent bioethanol production was
8.85. The low layer process, according to Wang et al. (2017), followed the derivate set point,
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whereas Sari et al. (2020) and Sari et al. (2017) reported that the best pH for hydrolysis from
bamboo was 4-4.5, which affected the yield of bioethanol, with the Response Surface method
resembling the second-order polynomial model.

4.3. Effect of AE on yielding the glucose level from varying volumes of WF-LW

The effect of AE on the production of glucose levels from varying volumes of WF-LW is represented
by the quadratic model in [Eq. 9 and Eq. 10]. The linear and quadratic effects of AE and the
different types of WF-LW were positive for all variables. Moreover, linear factors significantly
affected the yields of glucose levels. Figures 6 and 7 show the influence of each variable on
yield response. The response surface scheme for glucose levels produced at different volumes is
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Figure 8. Surface characteris-
tics for effects of ME addition
on varying volumes of WF-LW

(mL) on yields of glucose level.
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shown in Figure 6. The glucose levels ranged from 20 to 21% v/v, optimizing the highest level by
setting the AE at 8 to 14% w/v with WF-LW volumes in the 400-800 mL range.

The feature of interest can be inferred later using regression algorithms from the ML (Machine
Learning) field (Sergio et al., 2019). The control variables in the optimal control model are verified
numerically by Matlab (2019) in the optimal control model (Muhammad et al., 2021). The linear
representation of PDF and the model’s performance under various estimation methods were
evaluated using a simulation study (Anum et al,, 2021). In this study, the use of SRM in the
regression model equation (6), the equations obtained from the results of the study are equations
(9) and (10), with variable volume WF-LW (200-1000) mL, variable volume HCl (5-25) mL, and
variable AE (6-16) % w/v, with WF-LW volume parameter condition 651.426 mL and AE level
11.642 % w/v, the obtained optimum glucose level was 21.5478% v/v.

Glucose level = 11.91 + 0 .0161 % (WF — LW volume) + 0 .76 = (AE level) — 0 .000013x
(WF — LW volume) * (WF — LW volume) — 0 .0343 x (AE level) « (AE level) + 0.000062
(WF — LW volume) * (AE level)

9

Glucose level = 11.91 + 0.0161X; + 0.76X, —0.000013X;2 —0.0343X,>

+0.000062X; X; (10)
Where:
X1 = WF-LW
X, = AE

The response optimization using Eq. 10 was conducted in line with the optimum levels of the
WEF-LW (mL) and AE (%w/v) variables (Table 2). The CI was calculated to yield a glucose level of
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Figure 9. Response surface
scheme of the effect of ME and
WEF-LW.
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21.55% v/v, while the responses were obtained at a 95% confidence level. Therefore, an optimized
glucose level was achieved using the SRM method at a significance level of 0.05.

4.4. Effect of ME on yielding the glucose level from varying volumes of WF-LW

SRM also evaluated the effect of ME on glucose production at different volumes of WF-LW. The
result can be predicted from the equations of (Sari & Dira, 2018) and (Dubey et al., 2012), which
stated that the maximum glucose production was achieved at a value higher than 21% v/v.
Furthermore, the linear effect of ME and type of WF-LW was also observed. The maltase factor
linearly affected the yields of glucose levels. Any change in WF-LW volume, either decreasing or
increasing from the lower target of maltose concentration, increased glucose production, as shown
in Figures 8 and 9. The results showed that ME ranging from 3.0% to 15.0% w/v gradually
increased glucose production from volumes of WF-LW 200 to 600 mL with a maximum of
651.426 mL (Table 3). Moreover, the optimal response parameter of ME (7.37151% w/v) and WF-
LW volume (651.426 mL) significantly yielded glucose levels of 21.34% v/v. The desirability func-
tion, namely 0.624970 of the SRM approach, suggested that ME had a less significant effect on
glucose production (Table 3, Table 4). The optimal yield response of 24.9% v/v for the fermented
ME was noted in this study.

As an alternative to the traditional WSRM (Wavelength Shift of the Resonant Mode)
method, this sensor response analysis method for fluid characterization is based on RNPs
(Resonant Nano-Pillars) transducer signals which are simplified using PCA (Principal
Component Analysis). The feature of interest can be inferred later using regression algorithms
from the ML (Machine Learning) field (Sergio et al., 2019). The control variables in the optimal
control model are verified numerically by Matlab (2019) in the optimal control model
(Muhammad et al., 2021). The linear representation of PDF and the model’s performance
under various estimation methods were evaluated using a simulation study (Anum et al,
2021). In this study, the use of SRM in the regression model is equation (6), the equations
obtained from the results of the study are equations (11) and (12), with variable volume WF-
LW (200-1000) mL, variable volume HCl (5-25) mL, and variable ME (3-15) % w/v, with WF-
LW volume parameter conditions 651.426 mL and ME content 7.3715% w/v obtained opti-
mum glucose level 21.3372% v/v.
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Table 4. SRM running for response optimization of glucose level with Maltase enzyme

Response Optimization: Glucose level (% v/v)

Parameters
Response Goal Lower Target Upper Weight Importance
Glucose level Maximum 15.4 24.9 1 1
(%v/v)
Solution
Solution Wheat flour Maltase Glucose level Composite desirability
liquid waste Enzyme (% viv) Fit
(mL) (% wiv)
1 651.426 7.37151 21.3372 0.624970
Multiple response prediction
Variable Setting
Wheat flour liquid waste (mL) 651.426
Maltase Enzyme (% w/v) 7.37151
Response Fit SE Fit 95 % CI 95 % PI
Glucose level 21.34 1.47 (17.86, 24.82) (12.71, 29.97)
(%V/v)

Glucose level = 15.61 + 0.0165 * (WF — LW volume) + 0.104 x (ME level)—
0.000013 * (WF — LW volume) * (WF — LW volume) — 0.0093 « (ME level)x
(ME level) + 0.000052(WF — LW volume) * (ME level)
(11)

Glucose level = 15.61 + 0.0165X; + 0.104X, — 0.000013X,2 — 0.0093X,?
+0.000052X1X; (12)

Where:
X1 = WF-LW volume

X, = ME level

5. Conclusion

The optimization and pretreatment of WF-LW conducted in this study showed that HCL, AE, and
ME affected the hydrolysis and fermentation processes to produce glucose-derived bioethanol.
Based on the results, optimum glucose levels of 21.54% v/v and 21.33% v/v were obtained in the
respective AE and ME. The domination of both enzymes was limited in the optimization process.
Therefore, there is a need to develop wheat flour liquid waste to produce bioethanol. This study
also contributed to the prospect of commercialization and standardization of the quality and
production process of fermented WF-LW for improving the low-cost processing techniques cur-
rently being utilized among smallholder groups and households.

Further present experiments demonstrated that HCl, AE, and ME influenced the fermentation and
hydrolysis processes to produce glucose-derived bioethanol by optimizing the pretreatment process
of WF-LW. The optimum glucose levels for the hydrolysis process were 21.54% v/v and 21.33% v/v in
the presence of AE and ME, respectively. Furthermore, the dominance of the two enzymes in the
hydrolysis process was limited, and the optimization only used two parameters, namely effects of
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WF-LW and HCl-volumes on pH, while the error bar was also quantified. By optimizing SRM using three
parameters made the optimal response reduced pH to 4.5 with a target of 8.5.

According to the Multiple Response Prediction, WF-LW is 1165.69 mL and HCl is 0.857864 mL. In
the present study, it was proposed to cultivate AE and ME from indigenous cultures in Indonesia
for the potential development of wheat flour liquid waste as bioethanol. The commercialization
prospects, as well as the standardization of the quality and production process of WF-LW hydro-
lysis, may be improved by utilizing the low-cost technique currently used by small industrial groups
such as restaurants and large industries such as PT. Indofood Sukses Makmur, Tbk.
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Summary

The wheat flour liquid waste (WF-LW) may be chemically
pre-treated and subsequent enzymatic hydrolysis for
yielding glucose-derived bioethanol. The present study
was undertaken to examine the effects of pH in the pre-
treatment process, and the following hydrolysis of WF-LW
in the presence of amylase and maltose enzymes.
Optimization of pH and glucose-derived bioethanol using
the Surface Response Method (SRM) yields optimum glu-
cose levels of 21.54 (%v/v) and 21.33 (%v/v) for the
hydrolysis process. Additionally, the domination of amy-
lase and maltase enzymes in the hydrolysis process was
found to be limited in the optimized process, have this
evaluated for the potential development of WF-LW as

potential waste as bioethanol. This study contributes to
the prospect of commercialization and standardization of
the quality and production process of hydrolysis WF-LW
for improving the low-cost processing techniques cur-
rently being utilized among smallholder groups of res-
taurants and large industries of PT. Indofood Sukses
Makmur, Tbk.
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