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OBJECTIVES The province of Lampung produced 2.6 million
tons of cassava and 0.28 million tons of inner cassava peel
waste in 2020, highlighting the direct correlation between
production volume andwaste generation. The inner cassava
peel waste, which contains 44-59% starch, can be utilized
as a raw material for producing liquid sugar. METHODS This
study employs Response SurfaceMethodology (RSM) to opti-
mize the saccharification process by varying the duration (2,
4, and 8 hours) and temperature (55, 60, and 65°C). The pro-
cesses of liquification and saccharification were used to en-
zymatically convert cassava peel into liquid sugar. RESULTS
The study found that the starch yield from cassava peels was
11.54%, with moisture, ash, starch, and crude fiber contents
measured of 13.53%, 0.61%, 88.32%, and 1.025%, respectively.
The saccharification of cassava peel starch yields 58.36% liq-
uid sugar. Themoisture and ash contents weremeasured of
16.95% and 0.11%, respectively, with the reducing sugar con-
tent of 58.07%. This study successfully optimized the saccha-
rification process for liquid sugar production from cassava
peel starch at a temperature of 65°C for 6 hours. CONCLU-
SIONS These optimized conditions resulted in a higher yield
of liquid sugar from cassava peel starch, emphasizing the
potential of cassava peels as a valuable resources for liquid
sugar production.

KEYWORDS α-amylase; cassava peelwaste; glucoamylase; hy-
drolysis by enzymes; liquid sugar

1. INTRODUCTION

Manihot esculenta or cassava peel waste is an indigenous
food item rich in carbohydrates. Lampung Province has
emerged as one of Indonesia leading cassava-producing re-
gions, contributing an estimated 30% of the nation cassava
output. In 2020, Indonesia was ranked among the top five
cassava producers globally, with a total production of 18.3
million tons (Teguh et al. 2022). The waste generated from
these industries is directly correlated with the high output
value, and cassava peel is one of the primary waste materi-
als produced. Based on the research conducted by Syahrir
I., M. Syahrir (2017) has reported that the inner peel waste of
cassava constitutes approximately 8–15% of the total waste,
while the outer peel waste constitutes between 0.5% and 2%
of the overall weight of the crop. Consequently, Lampung
Provincegeneratesapproximately0.28millionmetric tonsof
inner cassava peel waste annually.

The waste generated from the inner layers of cassava
peels contains 44-59% carbohydrates, 7.9–10.32% moisture,
1.5–3.7% protein, 0.8–2.1% fat, and 5-27.4% fiber (Syahrir I., M.
Syahrir 2017). Thehighstarchcontent in thesepeelspresents
a significant opportunity for their use as a raw material in
producing liquid sugar. Additionally, Indonesia is one of the
countries that continues to rely heavily on sugar imports,
as domestic production has not met the national demand.
The country imports approximately 5.6millionmetric tonsof
sugar to satisfy its needs. In 2020, the production of white
crystal sugar decreased by 4.52%, further emphasizing the
need for alternative sources of sugar. Utilizing inner cassava
peels as a rawmaterial for liquid sugarproduction couldhelp
reduce the nation dependence on sugar imports, given the
significant starchcontent in thiswasteand thepressingneed
for sugar.

Liquid sugar, widely used as a sweetener in the food and
beverage industry, is more soluble compared to sucrose, es-
pecially when derived from starch (Godefroidt et al. 2023;
Mukarramah et al. 2016). D-glucose, maltose, and polymer
molecules of D-glucose are the byproducts of the enzymatic
or acid hydrolysis of starch, resulting in the production of liq-
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uid sugar (Jenol et al. 2023; Suripto et al. 2013). The hydrol-
ysis of starch can be achieved using enzymes like glucoamy-
lase and α-amylase. A recent study conducted by Agustina
et al. (2024) has reported that the enzyme hydrolysis can pro-
duce reducing sugar of 29.668 ± 0.761% in 40% substrate and
60min liquification and saccharification time. This method
yields a higher sugar content compared to acid hydrolysis
because it breaks the polymer chain more precisely to cre-
ate the desired product. Additionally, it produces less ash
and fewer by-products, making it safer and more environ-
mentally friendly (Abolore et al. 2024; Gnanasekaran et al.
2023; Martiyana 2022; Sutamihardja et al. 2017). High tem-
peratures are necessary for the gelatinization process, al-
lowing enzymes to effectively hydrolyze amylose and amy-
lopectin (Li et al. 2024; Obadi et al. 2023; Zhong et al. 2022).
Enzymes typically function best within a pH range of 5.6 to
6.5 (Dura et al. 2014; Hua and Yang 2015). Furthermore, the
α-amylase enzyme, which is utilized to produce dextrin from
tapioca, operates within a concentration range of 0.05% to
0.25% and has a hydrolysis duration of 30 to 150 minutes
(Handayani et al. 2023). Temperature and reaction duration
are two critical variables that significantly influence the effi-
ciency of enzyme activity during starch hydrolysis. Optimal
conditions for enzyme function typically include a longer re-
action time and a higher temperature. However, enzyme ac-
tivity declines once it surpasses its optimal level. Therefore,
determining the ideal enzymatic reaction duration and tem-
perature isessential, as theresultscanserveasguidelines for
producing liquid sugar (Trithavisup 2020).

The aims of this study is to optimize the saccharifica-
tion process of liquid sugar production from cassava peel
starch usingResponse SurfaceMethodology (RSM),with a fo-
cus on identifying the ideal conditions for enzymatic hydrol-
ysis. Specifically, the research investigates the effects of two
critical variables temperature (55, 60, and65°C) and sacchari-
fication duration (2, 4, and 6 hours) on the efficiency of liquid
sugar production. By determining the optimal combination
of these variables, the study seeks to enhance the yield and
quality of liquid sugar, thereby providing a sustainable so-
lution for reducing Indonesia dependence on sugar imports
and adding value to cassava peel waste.

2. RESEARCH METHODOLOGY

2.1 Materials

The apparatus used in this study included a 500 mL glass
beaker, a 250 mL Erlenmeyer flask, a 100 mL flask, a 25
mL burette, a 100 mL measuring cup, a 10 mL measur-
ing pipette, a thermometer, a centrifuge, an oven, a fur-
nace, a porcelain cup, and an analytical balance. Addi-
tionally, the materials utilized in this study comprised dis-
tilled moisture, α-amylase, glucoamylase, solution A (i.e.
potassium sodium tartarate (NaKC4H4O6.4H2O), sodium
phosphate (Na3PO4.12H2O), copper (II) sulfate pentahydrate
(CuSO4.5H2O) and potassium iodate (KIO3)), solution B (i.e.
potassiumoxalate (K2C2O4.H2O), potassium iodine (KI)), and
C (i.e. sulfuric acid (H2SO4), as well as starch solutions. The
inner cassava peel was sourced from a local home industry
in the Natar sub-district, South Lampung Indonesia, which
specializes in producing cassava chips.

2.2 Preparing cassava peel for starch production

The clean inner peel of the cassava was ground using a
blender (Panasonic, Thailand) to achieve a smooth consis-
tency with a particle size of 80 mesh. The mixture was then
squeezed througha filterclothandallowed tosettle, enabling
the starch to separate from the moisture above. The sepa-
rated starch dried in the sun until completely dry. The result-
ing starch was tested for its moisture content, ash content,
starch content, and fiber content.

2.3 Producing liquid sugar by combining saccharification
time and temperature

There are two primary steps in the enzymatic process of
producing liquid sugar from cassava peel, such as sac-
charification and liquefaction. Reaction mechanisms of
saccharification and liquifications, as presented below:

(C6H10O5) n + nH2O
α-amylase→ Dextrins +Maltose (Saccharification)

Dextrins + nH2O
Glucoamylase→ Glucose (Liquification)

The starch suspension, a heated mixture of starch and mois-
ture, undergoes gelatinization. The mixture is homogenized at
60°C using a water bath with a 3:1 moisture-to-starch ratio (Prio
DWB-6H-22L). A quantity of Novozymes α-amylase enzyme (1
mL/kg of starch) is introduced. If the solution appears liquid and
clear brown in color after 30 minutes of heating on a hot plate
(Thermo), the process can be terminated, and Dextrin is produced
because of starch breakdown. After cooling the sample to 50°C,
1 mL/kg of starch of the glucoamylase enzyme (Liquozyme Supra,
Denmark) is added. This enzyme further breaks down the chains
of dextrin into glucose.

The experimental design of this inquiry utilizedDesign Expert
Version 13 and Response Surface Methodology (RSM), specifically
CentralCompositeDesign (CCD). This study identified temperature
and time as independent variables associated with the saccharifi-
cation process. The dependent variable in this study is the reduc-
tion of sugar content. The research examines two factors: optimal
hydrolysis times (2, 4, and 6 hours) and temperatures (55, 60, and
65°C). The experimental design is presented in Table 1.

To optimize the process, Design Expert software was em-
ployed, setting the goals to ”in range” for each combination of tem-
perature and time. The output aimed tomaximize the reduction of
sugar content, with specific goals for each experimental run deter-
mined by the input conditions. The use of CCD in RSM allowed for
an efficient exploration of the relationship between the variables
and the response, ensuringa thorough investigationof theoptimal
conditions for the saccharification process.

2.4 Examining liquid starch and sugar properties

The tests for moisture, ash, starch, and fiber content comply with
the SNI 01-2891-1992 protocol. Starch-based products are as-
sessed for their moisture, ash, starch, and fiber contents, while
products containing liquid sugar are evaluated for their moisture,
ash, reducing sugar, and organoleptic properties.

2.4.1 Moisture content

Weigh 2 grams of the sample, which was then baked for 3 hours
at 105°C in an oven (Kern, Germany) (Agustina et al. 2024; Herlam-
bang et al. 2023). After baking, the sample was allowed to cool for
15 to 30minutes in a desiccator (Duran, Germany). To calculate the
moisture content, refer to Equation 1, whereW,W1, andW2 repre-
sent the mass of the empty cup, the mass of the cup plus sample
before baking, and the mass of the cup plus sample after baking,
respectively.
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TABLE 1. Combination experiment using RSM with various of temperature and time during Saccharification processes.

Combinations Temperature (°C) Time (hours)

1 65 6

2 55 6

3 65 2

4 55 2

5 60 4

6 60 1.17

7 52.92 4

8 60 4

9 60 4

10 60 6.82

11 67.07 4

12 60 4

13 60 4

Moisture content (%) =
(W1 − W2)
(W1 − W)

× 100 (1)

2.4.2 Ash content

Weigh 2 grams of the material using a Pyrex porcelain cup with a
known mass (Herlambang et al., 2023). The samples were treated
with ash for three hours at a maximum temperature of 550°C in a
furnace (B-One, China). After cooling the sample for 15 to 30 min-
utes in adesiccator (Duran, Germany), the samplewasweighedun-
til a consistent weight was achieved. The ash content can be calcu-
lated using Equation 2, whereW,W1, andW2 represent the sample
mass, the mass of the empty crucible, and the mass of the sample
after being in the furnace, respectively.

Ash content (%) =
(W1 − W2)

W
× 100 (2)

2.4.3 Fiber content

Weigh 2 grams of the sample and place it in an Erlenmeyer flask.
Add 50 mL of H2SO4 (Merck) to the flask and keep it upright while
cooling. Next, immerse the flask in boiling moisture for 30 min-
utes. After removing theflask fromtheboilingmoisture, add50mL
of NaOH solution (Merck, Indonesia) and boil for an additional 30
minutes. Remove the flask and filter themixture using filter paper
while the sample is still hot. Rinse the precipitate on the filter pa-
per with 50mL of hot H₂SO₄, 250mL of hot distilledmoisture, and
50 mL of 95% ethanol. Dry the filter paper containing the residue
for 3 hours at 105°C. Finally, cool the filter paper in a desiccator for
30 minutes or until it reaches a constant weight. Weigh the filter
paper todetermine the fixedweight (Agustina et al. 2024). To calcu-
late the crude fiber content, refer to Equation 3, whereW, W₁, and
W₂represent thesamplemass, theashmassafter combustion, and
themass of the precipitate on the filter paper after drying, respec-
tively.

Fibre content (%) =
W − W1

W2
× 100 (3)

2.4.4 Reducing sugar content and starch content

The modified Somogyi method was employed to determine the
starch content. Weigh 1 gram of the sample and place it in an Er-
lenmeyer flask. Add 50mLof distilledmoisture to the flask andho-
mogenize the mixture. 0.1 mL of α-amylase enzyme (Novozymes)
to the mixture and homogenize slowly. Cover the flask with alu-
minum foil. Incubate the flask in a moisture bath (Prio DWB-6H-
22L, China) at 95–100 °C for 30 minutes. After incubation, allow it
to cool to 60 °C. Add 0.1 mL of glucoamylase enzyme (Liquozyme
Supra, Denmark) to the flask and incubate for 60 minutes at 60
°C in the same moisture bath. Following incubation, add distilled
moisture to the flask to achieve a total volume of 100 mL using a
100-mLmeasuring flask. Filter the mixture using filter paper and
collect 10 mL of the filtrate. Pipette 10 mL of the filtrate into a sep-
arate container and add 10 mL of distilled moisture. Incorporate
10 mL of Solution A into the container and heat it on a hot plate
(Thermo) for 3 minutes. Remove the container from the hot plate
and cool it under running moisture. Next, add 10 mL of Solution
B and 10 mL of Solution C to both the blank solution and the sam-
ple solution. Shake the solutions thoroughly to ensure even mix-
ing. Titrate the solutions with a 0.05 N Na2S2O3 solution (Merck,
Indonesia) until the color turns a slightly bright green. Add 5 drops
of a 1% starch solution indicator and continue the titrationwith the
0.05NNa2S2O3 solution. Stop the titrationwhen the color changes
to a light blue for the first time and record the volume of Na2S2O3

solution used (Agustina et al. 2024). Finally, calculate the reducing
sugar and starch content using Equations 4, respectively, where B,
S, and fp represent the reference solution, sample solution, and di-
lution factor, respectively.

Reducing sugar content (%) =
(B − S)× 1.449 f p

10000
× 100 (4)

Starch content(%) = 0.9 × Reducing sugar content (%) (5)

TABLE 2. Comparison of the quality of cassava peel starch and tapioca flour (SNI 3451-2011).

Parameter Cassava peel starch (%) Tapioca flour (%) (SNI 3451-2011)

Yield 11.54 -

Moisture 13.535 ± 0.205 Max.14

Ash 0.610 ± 0.028 Max. 0.5

Starch 88.810 ± 0.693 Min. 75

Fiber 0.515 ± 0.007 Max. 0.4
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FIGURE 1. Products of (a) cassava pell waste and (b) liquid sugar.

2.5 Statistical analysis

The statistical analysis in this research was carried out using one-
way ANOVA with two tailed t-test (with significance p <0.05) using
DesignExpert version 13. The reducing sugar of the data presented
was based on the average value of three replicates.

3. RESULTS AND DISCUSSION

3.1 Cassava peel starch quality

The table 2 compares the properties of cassava peelwaste and tapi-
oca flour based on SNI 3451-2011 standards as shown in Table 2.
Cassava peel starch has a yield of 11.54%, with a moisture content
of 13.535 ± 0.205%, which is slightly higher than the maximum al-
lowable limit of 14% for tapioca flour. The moisture content mea-
sured was 13.53%, which is below the standard limit of 14%. A re-
cent study by Alfian et al. (2022) has reported that oven drying re-
duced the moisture content to 11.13%. The ash content was mea-
sured at 0.61%, which is close to the maximum allowable value of
0.5%. The amount of dissolved mineral salts in starch can be in-
ferred from its ash content (Chukwujekwu 2023). The starch con-
tent in cassava peel starch is 88.810 ± 0.693%, well above the min-
imum requirement of 75% for tapioca flour, while its fibre content
of 0.515 ±0.007%, surpassing themaximumallowable fiber of 0.4%.
This suggests that cassava peel starch retains more of the fibrous
material from the peels, which affects its overall composition. Ad-

ditionally, cassava peel starch has more fiber and ash, and slightly
higher moisture content compared to tapioca flour, but a signifi-
cantly higher starch content. As compared with other sources (i.e.,
cassava flour) can generatedmoisture, ash, fiber, starch content of
9.208%, 0.987%, 2.187%, and 79.876%, respectively (Agustina et al.
2024).

3.2 Reducing the sugar content of liquid sugar by using
starch from cassava peels

This study focused on optimizing the temperature and saccharifi-
cation time to produce liquid sugar from cassava peel starch. Ta-
ble 3 shows that the highest reducing sugar content of 50.208 ±
0.717% was achieved at a temperature of 65°C for 6 hours. In con-
trast, the lowest reducing sugar content of 23.836 ± 3.586% was
recorded at a temperature of 60°C for 1.17 hours. These findings
suggest that reducing sugar levels are significantly influenced by
both temperature and saccharification time. Extended reaction
times provide enzymeswithmore opportunity to interact with the
substrate, leading to increasedstarchhydrolysis andenhancedglu-
cose production (Megavitry et al. 2019; Dwi Murtias et al. 2015). On
the other hand, raising the hydrolysis temperature results in el-
evated glucose levels. Higher temperatures facilitate the expan-
sion and breakdown of starch, shortening the glucose chains de-
rived from amylose and amylopectin, and ultimately yielding a
greater number of glucose units (Sutanto et al. 2014). However,

TABLE 3. Comparison of the quality of cassava peel starch and tapioca flour (SNI 3451-2011).

Combination RSM Temperature (°C) Time (hour) Reducing sugar (%)

1 65 6 50.208 ± 0.717

2 55 6 30.936 ± 2.152

3 65 2 29.161 ± 1.793

4 55 2 26.372 ± 2.869

5 60 4 30.683 ± 3.227

6 60 1.17 23.836 ± 3.586

7 52.92 4 24.343 ± 0.717

8 60 4 30.175 ± 6.096

9 60 4 29.922 ± 0.717

10 60 6.82 35.501 ± 0.717

11 67.07 4 40.065 ± 0.717

12 60 4 30.936 ± 2.869

13 60 4 30.429 ± 2.152
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TABLE 4. Comparison of the quality of cassava peel starch and tapioca flour (SNI 3451-2011).

Source Sum of Squares df Mean Square F-value p-value

Model 555.12 5 111.02 24.34 0.0003*

A-Temperature 245.26 1 245.26 53.76 0.0002*

B-Time 221.63 1 221.63 48.58 0.0002*

AB 67.92 1 67.92 14.89 0.0062*

A² 20.00 1 20.00 4.38 0.0745**

B² 1.27 1 1.27 0.2793 0.6135**

Residual 31.94 7 4.56

R² 0.9456 Std. Dev. 2.14

Adjusted R² 0.9067 Mean 31.74

Predicted R² 0.6192 C.V. % 6.73

Adeq Precision 16.2863

Note: (*) p-value< 0.05; (**) p-value>0.01

the mechanistic basis for these observations requires further ex-
ploration. The enzymatic reactions involved in saccharification
are influenced by temperature and time, with both factors affect-
ing enzyme kinetics and substrate interactions. The rate of en-
zymatic hydrolysis is generally temperature-dependent, following
the Arrhenius equation, which describes how reaction rates in-
creasewith temperature up to a certain optimal point. Beyond this
point, enzymes may denature or lose activity. In this study, while
higher temperatures promote starch breakdown, there is a trade-
offas theenzymes’ optimal temperature rangemustbeconsidered.
For instance, most α-amylase enzymes, classified as thermolabile
(heat-sensitive), have an optimal temperature range of 90 to 105°C
(Agustinaet al. 2024). In contrast, theglucoamylaseenzyme,which
belongs to themesozymegroup, hasanoptimal temperature range
of 50 to 65°C. Therefore, achieving high levels of reducing sugars
necessitates maintaining the optimal temperature and duration

during the enzymatic process.

The analysis of variance (ANOVA) for reducing sugar content
basedon saccharification temperature and time is presented inTa-
ble 4. The p-value indicates the probability that the observed re-
sults occurred by chance (Mariana et al. 2018). Themodel is consid-
ered significant, as the p-value is 0.0003, which is less than 0.05 (p
< 0.05). The R2 value of 0.9456 and the adjusted R2 value of 0.9067
indicate a strong model fit (Pawignya et al. 2019), though the pre-
dicted R2 of 0.6192 suggests some discrepancy between predicted
and actual values. The Adeq Precision of 16.2863 indicates a good
signal-to-noise ratio. Temperature has a significant impact on re-
ducing sugar content, with p-values for the relationship between
temperature and saccharification time of 0.0062. The equation for
prediction reducing sugars in this research is shown in Equation 6.

FIGURE 2. Residual diagnostic plots for the regression model predicting reducing sugar, including (a) normal plot of residuals, (b) residuals vs. predicted, (c)
residuals vs. run, (d) residuals vs. temperature, and (e) residuals vs. time.
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FIGURE 3. Diagnostic plots for regressionmodel predicting reducing sugar, including (a) cook’s distance, (b) predicted vs. actual values, (c) leverage (d) DFFITS,
and (e) DFBETAs.

Reducing sugar = +30.43 + 5.54A + 5.26B + 4.12AB + 1.70A2

+0.4280B2
(6)

Equation 6 in terms of coded factors can be used tomake pre-
dictions about the response for given levels of each factor. By de-
fault, the high levels of the factors are coded as +1 and the low lev-
els are coded as -1. The coded equation is useful for identifying the
relative impact of the factors by comparing the factor coefficients.

3.3 Diagnostics and predicted results by RSM

The diagnostic plots provided for the Response Surface Methodol-
ogy (RSM) analysis indicate a strong model fit, where the assump-
tions of normality, homoscedasticity, and independence of resid-
uals are largely satisfied as shown in Figure 2 and 3. The residual
diagnostic plots for reducing sugar prediction reveal specific areas
where the regression model may require refinement. The normal
plot of residuals (Figure 2a) shows some deviation from normal-
ity, especially for extreme values of reducing sugar, suggesting the
model may not fully meet the normality assumption. The residu-
als vs. predicted (Figure 2b) and vs. run (Figure 2c) plots indicate
potential heteroscedasticity andnon-randompatterns,with larger
residualsobserved forhigh reducingsugarvaluesandcertain runs.
Additionally, the residuals vs. temperature (Figure 2d) and vs. time
(Figure 2e) highlight that the model may inadequately account for
the effects of these variables, as evidenced by significant residu-
als at the extremes of temperature and time. These issues suggest
that themodelmay need adjustments, such as transformations or
adding interaction terms, to improve its accuracy in predicting re-
ducing sugar levels. When comparing these residual diagnostic

findings with other research on predicting reducing sugar, simi-
lar challenges are often observed, particularly regardingmodel as-
sumptions and the need for model refinement. For instance, a
study by Bourquard (2018) also identified non-normality and het-
eroscedasticity in their residual plots when predicting reducing
sugars in food processing, indicating that such issues are common
in this type of modeling. Their approach involved applying a loga-
rithmic transformation to the response variable, which improved
normality and stabilized the variance of residuals. Similarly, van
Boekel (2022) found that incorporating interaction terms and poly-
nomial regression improved themodel fit, especially for capturing
the non-linear effects of processing time and temperature on re-
ducingsugar levels. Thecurrentanalysis alignswith these findings,
suggesting that to achieve more accurate predictions, further re-
finement of the model is necessary, potentially through transfor-
mations or the inclusion of more complex terms to better capture
the underlying relationships (Ramandani et al. 2024).

Specifically, the cook’s distance (Figure 3a) and leverage (Fig-
ure 3c) highlight that certain data points exert a disproportionate
influence on the model’s predictions. For example, if a particular
sample has a high leverage value and a significant cook’s distance,
it suggests that thissamplehasanunusualcombinationof features
that strongly affect the model’s output. In real-world predictions,
such influential points could lead to inaccurate estimates of reduc-
ing sugar if not properly addressed. These findings are consistent
with the research by Vasconcelos et al. (2020), who also observed
that high leverage points and elevated cook’s distances in their re-
gression models significantly skewed the prediction of reducing
sugars in agricultural products. In their study, they mitigated this
by applying robust regression techniques, which down-weight the
influence of these outlier points, leading to more reliable predic-
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TABLE 5. Characteristics of liquid sugar by validation processes.

Parameter Results SNI 01-2978-1992

Smell Odorless Odorless

Taste Sweet Sweet

Color Colored Colorless

Moisture (%) 16.954 ± 0.206 Max. 20

Ash (%) 0.115 ± 0.020 Max. 1

Reducing sugar (%) 58.069 ± 0.414 Min. 30

tions. The predicted vs residual plot (Figure 3b) assesses the ho-
moscedasticity assumption, where the spread of residuals should
be constant across all levels of predicted values. The scattered
points around thezero line shouldbe randomwithnoclearpattern.
Here,weobserve that somepoints, particularly those representing
high reducing sugar values (colored in red), show larger deviations,
suggesting potential issues with themodel’s fit at these levels. The
DFFITS and DFBETAs plots (Figure 3d) and 3e further emphasize
this by showing that somesamples significantly alter thepredicted
value of reducing sugar or the regression coefficients. This indi-
cates that themodelmaybe sensitive to specific datapoints, poten-
tially compromising its generalizability. Similarly, the DFFITS and
DFBETAs plots from the current analysis show that certain sam-
ples substantially alter the predicted values and regression coef-
ficients, a phenomenon also reported by Ramandani et al. (2024)
in their work on waste problem and removing influential points
and re-estimating the model, which enhanced its generalizability
and accuracy across different data sets. These comparisons under-
score a common theme in predictivemodeling of reducing sugars.
The identification and adjustment for influential data points are
crucial steps in refining the model. Robust methods or careful ex-
amination of influential observations, as demonstrated in both the
current analysis and the cited studies, are necessary to ensure that
themodel remains accurate and generalizable across various con-
ditions.

3.4 Optimization, validation, and characteristic of Liquid
Sugar Saccharification Process

Response Surface Methodology (RSM) was utilized to optimize the
data on reducing sugar levels, with the goal of identifying the opti-
mal temperature and time parameters for saccharification. Figure
4 illustrates the results of the optimization process for liquid sugar
saccharification. The contour colors in the graphic represent the
relationship between saccharification temperature and duration
in relation to the reduction in sugar concentration. The dark green
area signifies the highest reducing sugar content, exceeding 55%.

In contrast, the dark blue area indicates a reducing sugar content
of less than 25%.

The contour plot illustrates that reducing sugar levels in-
crease with higher temperatures and longer saccharification
times, reaching values exceeding 55%. According to the optimiza-
tion graph, the optimal temperature and duration for saccharifica-
tion are 65°C and 6 hours, respectively, with an anticipated reduc-
ing sugar concentration of 47.47%. To validate these optimal con-
ditions, data validation was conducted to ensure that the achieved
reducing sugar content aligned with the predicted value from the
Response Surface Methodology (RSM) optimization process. The
validated sugar content was measured of 58.07%, while the pre-
dicted value of 47.47%. The validation results from the saccharifi-
cation process optimizationwere utilized to derive the characteris-
tics of the liquid sugar, which were subsequently compared to the
SNI 01-2978-1992 standard. Table 5 displays the quality of liquid
sugar from the validation process in relation to the SNI 01-2978-
1992 standard.

Table 5 indicates that the liquid sugar attained amoisture con-
tent of 16.95%, which complies with the quality criterion of a max-
imum of 20%. Moisture content is a critical factor in determining
the quality of liquid sugar (Sutamihardja et al. 2019). As compared
with other study by Agustina et al. (2024) has reported that the
liquid sugar from cassava flour can achieved moisture content of
5.194%. Lowermoisture content is preferred, as it reduces the risk
of microbial growth and enhances product durability during stor-
age. Increased viscosity, associated with reduced moisture con-
tent, ultimately results in higher-quality sugar. This lower mois-
ture content also extends the shelf life of the sugar, making it less
susceptible to spoilage or rancidity.

In terms of other characteristics, the ash content of 0.11%met
the liquid sugar quality standard, which permits amaximumof 1%.
Additionally, the reducing sugar content was satisfactory, measur-
ing 58.07% against a minimum requirement of 30%. The physical
characteristicsof aromaand tastealsoconformed to thestandards,
as the liquid sugar was odorless and sweet. However, the color

FIGURE 4. Diagnostic plots for regressionmodel predicting reducing sugar, including (a) cook’s distance, (b) predicted vs. actual values, (c) leverage (d) DFFITS,
and (e) DFBETAs.
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TABLE 6. Characteristics of liquid sugar by validation processes.

Raw materials Methods Results Optimizing and validation Limitation References

Cassava flour Three methods, such as
gelatinization, liquification,

and enzymatic
saccharification

Reducing sugar between
18.004 ± 0.254% and
28.299 ± 0.101%

Substrate 40%,
liquification 60 min,

saccharification 60 min can
produce reducing sugar of

29.6735%

Focused only on liquid
sugar yield

(Agustina et al., 2024)

Cassava peel 0.05 M sodium hydroxide
at 121°C for 15 min

Glucose yield of 4.53±1.20
mg/ml

- Optimizing proses to
enhance glucose yield

(Zulkifli & Karim, 2023)

Cassava starch waste Solution plasma process for
300 min in 0.08 H2SO4

Glucose production of
47.9%

- High cost; requires
economic analysis

(Prasertsung et al., 2019)

Cassava and sweet potato
roots

Enzymatic hydrolysis with
pH 5.4 and Spezyme®
XTRA (0.025% v/w for

cassava and 0.02% v/w for
sweet potato)

Reducing sugar of 97.23 ±
0.81 and glucose yield of

90.41 ± 0.40

- High cost; complex process (Johnson et al., 2009)

Fructose syrup of 9.67 ±
0.05 g/100g cassava and
5.96 ± 0.05 g/100 g sweet

potato

Cassava peel waste Isomerization process (i.e.,
hydrolysis and

saccharification) in 450 mg
glucose for 72 hours

Yield fructose of 26.05% Isomerization time
66.5051 hour and 450 g
glucose can produce
fructose yield of

26.8060%

Limited analysis of
reducing sugar and glucose

yield

(Debora et al., 2024)

Wheat Straw Hydrolysis using cellulase
with pretreatment using

NaOH

Reducing sugar Optimum conditions were
achieved at 8% solid
content b/v and a

hydrolysis time of 96 hours

Long hydrolysis time,
product produced is
reducing sugar with

physical properties that
have not been clearly

described

(Wang et al., 2021)

Cassava Peel Hydrolysis using �-amylase
and glucoamylase followed
by isomerization using
glucose isomerase

Fructose Highest fructose content
was 26.8% with an

isomerization time of 66.5
hours and isomerase

enzyme weight of 450 mg

The glucose yield from the
hydrolysis process in the
first stage is not explained

(Debora et al., 2024)

Cassava Starch Hydrolysis using pectinase,
α-amylase, and

amyloglucosidase

Fermentable sugar Reaction time of 7 hours;
solid/liquid ratio of 1:1

Reducing sugar
concentration of 16%,
slightly lower than this

study

(Collares et al., 2012)

Cassava peel waste Liquification and
saccharification at

temperature 65°C for 6
hours

Reducing sugar of 50.208 ±
0.717%

Temperature of 65°C for 6
hours, with reducing sugar

of 47.47%

Requires economic analysis This study

characteristic did not meet quality standards, as the product ex-
hibited a brownish hue due to inadequate purification. Therefore,
further purification is necessary to comply with quality standards,
particularly to eliminate the brownish color. Table 6 presents a
comparative analysis of methods for sugar production from vari-
ous cassava-based raw materials. The comparison highlights dif-
ferent approaches and their respective outcomes, optimization
strategies, limitations, and references.

4. CONCLUSIONS

The study identifies that at temperature of 65°C for 6 hours are op-
timal for saccharification, yielding a liquid sugar content of 47.47%,
but the optimizing proses can produce liquid sugar content of 55%.
To further enhance the efficiency and quality of the saccharifica-
tionprocess, futureresearchshould focusonoptimizingadditional
variables suchasenzymeconcentration, pH,andsubstrateconcen-
tration. Detailed analysis of quality attributes including moisture,
ash, and reducing sugar content should be conducted to ensure
compliance with SNI 01-2891-1992 standards. Moreover, it is es-
sential to investigate the stability and shelf life of the liquid sugar,
evaluate the feasibility of scaling up the process, and examine any
by-products or side effects. These targeted studies will provide a
comprehensive understanding needed for industrial application
and process improvement.

5. ACKNOWLEDGEMENTS

In this section the authors can dedicate the article to a scientist of
outstanding merit or acknowledge financial support, technical as-
sistance and other contributions or advice from persons who are
not coauthors. The grant number of financial supportmust be pro-
vided.

REFERENCES

Abolore RS, Jaiswal S, Jaiswal AK. 2024. Green and sustainable
pretreatment methods for cellulose extraction from lignocel-
lulosic biomass and its applications: A review. Carbohydrate
Polymer Technologies andApplications. 7:100396. doi:10.1016/
j.carpta.2023.100396.

Agustina T, ElsyanaV, Alvita LR, Ramandani AA. 2024. Characteris-
tics of liquid sugar fromcassavaflour using gelatinization , liq-
uefaction and enzymatic saccharification ( amyloglucosidase
and α -amylase ) processes. 7(1):37–49. https://journal.waliso
ngo.ac.id/index.php/wjc/article/view/20458.

Alfian A,Wahyuningtyas D, Sukmawati P. 2022. Pembuatan edible
filmdari pati kulit singkongmenggunakan plasticizer sorbitol
dengan asam sitrat sebagai crosslinking agent. Jurnal Inovasi
Proses. 5(September 2020):47. https://ejournal.akprind.ac.id/i
ndex.php/JIP/article/download/3019/2243/4719.

Bourquard BA. 2018. Raw material variability in food
manufacturing:1–117. https://docs.lib.purdue.edu/open
_access_dissertations/1694.

Chukwujekwu OJ. 2023. Nutritional composition and antinutri-
tional factors analysis of kpokpogari and starch: a compara-
tive study using commercial wheat. Archives of Advanced En-
gineering Science. doi:10.47852/bonviewaaes32021167.

Dura A, Błaszczak W, Rosell CM. 2014. Functionality of porous
starch obtained by amylase or amyloglucosidase treatments.
Carbohydrate Polymers. 101:837–845. doi:10.1016/j.carbpol.
2013.10.013.

Dwi Murtias K, Heri Mulyati A, Budiyanto A. 2015. Optimasi pro-
duksi gula cair dari pati sagu (metroxylon spp.) Asal sulawesi
tenggara. Jurnal Teknik Kimia. 4(01):30–41. https://www.unpa
k.ac.id/.

116

https://doi.org/10.22146/jrekpros.81242
http://dx.doi.org/10.1016/j.carpta.2023.100396
http://dx.doi.org/10.1016/j.carpta.2023.100396
https://journal.walisongo.ac.id/index.php/wjc/article/view/20458
https://journal.walisongo.ac.id/index.php/wjc/article/view/20458
https://ejournal.akprind.ac.id/index.php/JIP/article/download/3019/2243/4719
https://ejournal.akprind.ac.id/index.php/JIP/article/download/3019/2243/4719
https://docs.lib.purdue.edu/open_access_dissertations/1694
https://docs.lib.purdue.edu/open_access_dissertations/1694
http://dx.doi.org/10.47852/bonviewaaes32021167
http://dx.doi.org/10.1016/j.carbpol.2013.10.013
http://dx.doi.org/10.1016/j.carbpol.2013.10.013
https://www.unpak.ac.id/
https://www.unpak.ac.id/


Maulidia et al. Jurnal Rekayasa Proses 18(2): 109–117

Gnanasekaran L, Priya AK, Thanigaivel S, Hoang TKA, Soto-
Moscoso M. 2023. The conversion of biomass to fuels via
cutting-edge technologies: Explorations from natural utiliza-
tion systems. Fuel. 331:125668. doi:10.1016/j.fuel.2022.125668.

Godefroidt T, Riley IM, Ooms N, Bosmans GM, Brijs K, Delcour JA.
2023. Sucrose substitution in cake systems is not a piece of
cake. npj Science of Food. 7(1). doi:10.1038/s41538-023-00225
-y.

Handayani AS, Nizardo NM, Nabila J, Syabila AN. 2023. Influence
of enzymes combination (α-amylase and and β-amylase) for
maltodextrin production from cassava solid waste (onggok).
doi:10.20944/preprints202312.2045.v1.

Herlambang MJ, Ramandani AA, Cendekia D, Alvita LR, Wulandari
YR, Shintawati S, Purnani MS, Efendi DAMN. 2023. Optimiza-
tion and characterization of adsorbent frompalm kernel shell
waste using H3PO4 activator. CHEESA: Chemical Engineering
Research Articles. 6(2):118. doi:10.25273/cheesa.v6i2.15906.118
-125.

Hua X, Yang R. 2015. Enzymes in starch processing. p. 139–169. doi:
10.1201/b19408-9.

JenolMA, AhmadMN, Adeni DSA, VincentM, Suhaili N. 2023. Sago
wastes as a feedstock forbiosugar, precursor for chemical sub-
stitutes. doi:10.1002/9783527841141.ch10.

Li S, Wang Z, Feng D, Pan Y, Li E, Wang J, Li C. 2024. The important
roleofstarch finemolecularstructures instarchgelatinization
propertywith additionof sugars/sugar alcohols. Carbohydrate
Polymers. 330:121785. doi:10.1016/j.carbpol.2024.121785.

Mariana W, Widjanarko SB, Widyastuti E. 2018. Optimasi formu-
lasi dan karakterisasi fisikokimia dalam pembuatan daging
restrukturisasi menggunakan response surfacemethodology
(konsentrasi jamur tiram serta gel porang dan karagenan). Ju-
rnal Pangan dan Agroindustri. 5(4). https://jpa.ub.ac.id/index
.php/jpa/article/view/567.

MartiyanaNR. 2022. Pemanfaatan limbah kulit singkong (manihot
utilissima) sebagai gula cair secarametode hidrolisis enzima-
tis. [Skripsi]: UNIVERSITAS ISLAM NEGERI WALISONGO SE-
MARANG.

Megavitry R, LagaA, SyarifuddinA,WidodoS. 2019. Pengaruh suhu
gelatinisasi dan waktu sakarifikasi terhadap produk sirup
glukosa sagu. Sinergitas Multidisiplin Ilmu Pengetahuan dan
Teknologi. 2(1):125–128. https://jurnal.yapri.ac.id/index.php/s
emnassmipt/article/view/92/83.

Mukarramah,Ansharullah, RiandaL. 2016. Pengaruhpenambahan
enzim alfa amilase pada suhu yang berbeda terhadap karak-
teristik sirup glukosa. J. Sains dan Teknologi Pangan. 1(3):246–
254. https://ojs.uho.ac.id/index.php/jstp/article/view/1556.

Obadi M, Qi Y, Xu B. 2023. High-amylose maize starch: Structure,
properties, modifications and industrial applications. Carbo-
hydrate Polymers. 299:120185. doi:10.1016/j.carbpol.2022.120
185.

Pawignya H, Kusworo TD, Pramudono B. 2019. Optimization for
production tert-butyl glycoside nonionic surfactant using re-
sponse surface methodology. Journal of Physics: Conference
Series. 1295(1):12003. doi:10.1088/1742-6596/1295/1/012003.

RamandaniAA, Shintawati S,Aji SP. 2024. Producing liquidorganic
fertilizer (LOF) by combining rice straw waste with local mi-
croorganisms (MOL) to enhance the growth of rice plants. Jur-
nal Teknik Kimia. 30(1):91–102. doi:10.36706/jtk.v30i1.1613.

Suripto S, Maarif MS, Arkeman Y. 2013. Pengembangan gula cair
berbahan baku ubi kayu sebagai alternatif gula kristal dengan
pendekatan sistem inovasi. JURNAL TEKNIK INDUSTRI. 3(2).
doi:10.25105/jti.v3i2.1575.

Sutamihardja RTM, Azizah M, Mafiana BD. 2019. Perbandingan
hidrolisis enzimatisdanasamterhadappati jagungmanis (zea
mays l.) Dalampembuatangula cair. JURNALSAINSNATURAL.
7(2):58. doi:10.31938/jsn.v7i2.255.

Sutamihardja RTM, Srikandi S, Herdiani DP. 2017. Hidrolisis
asamklorida tepung pati singkong (manihot esculenta crantz)
dalam pembuatan gula cair. Jurnal Sains Natural. 5(1):83. doi:
10.31938/jsn.v5i1.103.

Sutanto E, Sahan Y, Octavia D. 2014. Konversi tepung sagu men-
jadi sirup glukosa denganmenggunakan katalis asam klorida.
Sagu. 13(1):22–28. https://download.garuda.kemdikbud.go.id/
article.php?article=2632118&val=24498&title=KONVERSITE
PUNGSAGUMENJADISIRUPGLUKOSADENGANMENGGUN
AKANKATALISASAMKLORIDAv.

Syahrir I,MSyahrirS. 2017. Pemanfaatan limbahpadathasilhidroli-
sis dari kulit singkong menjadi biobriket. Prosiding SENIATI.
3(2):9–10. https://ejournal.itn.ac.id/index.php/seniati/article/d
ownload/1942/1702/.

Teguh TE, Zakaria WA, Indah LSM, Seta AP. 2022. Strategies and
policies to increase competitiveness of cassava in lampung
province, indonesia. Jurnal Manajemen dan Agribisnis. doi:
10.17358/jma.19.3.492.

Trithavisup K. 2020. Production and properties of resistant mal-
todextrin from cassava starch. [[Doctoral thesis]]: Office of
Academic Resources, Chulalongkorn University. doi:10.58837
/chula.the.2020.221.

van Boekel M. 2022. Kinetics of heat-induced changes in dairy
products: Developments in data analysis and modelling tech-
niques. International Dairy Journal. 126:105187. doi:10.1016/j.id
airyj.2021.105187.

Vasconcelos JCS, Cordeiro GM, Ortega EMM, de Rezende ÉM. 2020.
A new regression model for bimodal data and applications in
agriculture. Journal of Applied Statistics. 48(2):349–372. doi:
10.1080/02664763.2020.1723503.

Zhong Y, Tai L, Blennow A, Ding L, Herburger K, Qu J, Xin A, Guo
D, Hebelstrup KH, Liu X. 2022. High-amylose starch: Struc-
ture, functionality and applications. Critical Reviews in Food
Science andNutrition. 63(27):8568–8590. doi:10.1080/104083
98.2022.2056871.

117

http://dx.doi.org/10.1016/j.fuel.2022.125668
http://dx.doi.org/10.1038/s41538-023-00225-y
http://dx.doi.org/10.1038/s41538-023-00225-y
http://dx.doi.org/10.20944/preprints202312.2045.v1
http://dx.doi.org/10.25273/cheesa.v6i2.15906.118-125
http://dx.doi.org/10.25273/cheesa.v6i2.15906.118-125
http://dx.doi.org/10.1201/b19408-9
http://dx.doi.org/10.1002/9783527841141.ch10
http://dx.doi.org/10.1016/j.carbpol.2024.121785
https://jpa.ub.ac.id/index.php/jpa/article/view/567
https://jpa.ub.ac.id/index.php/jpa/article/view/567
https://jurnal.yapri.ac.id/index.php/semnassmipt/article/view/92/83
https://jurnal.yapri.ac.id/index.php/semnassmipt/article/view/92/83
https://ojs.uho.ac.id/index.php/jstp/article/view/1556
http://dx.doi.org/10.1016/j.carbpol.2022.120185
http://dx.doi.org/10.1016/j.carbpol.2022.120185
http://dx.doi.org/10.1088/1742-6596/1295/1/012003
http://dx.doi.org/10.36706/jtk.v30i1.1613
http://dx.doi.org/10.25105/jti.v3i2.1575
http://dx.doi.org/10.31938/jsn.v7i2.255
http://dx.doi.org/10.31938/jsn.v5i1.103
https://download.garuda.kemdikbud.go.id/article.php?article=2632118&val=24498&title=KONVERSI TEPUNG SAGU MENJADI SIRUP GLUKOSA DENGAN MENGGUNAKAN KATALIS ASAM KLORIDAv
https://download.garuda.kemdikbud.go.id/article.php?article=2632118&val=24498&title=KONVERSI TEPUNG SAGU MENJADI SIRUP GLUKOSA DENGAN MENGGUNAKAN KATALIS ASAM KLORIDAv
https://download.garuda.kemdikbud.go.id/article.php?article=2632118&val=24498&title=KONVERSI TEPUNG SAGU MENJADI SIRUP GLUKOSA DENGAN MENGGUNAKAN KATALIS ASAM KLORIDAv
https://download.garuda.kemdikbud.go.id/article.php?article=2632118&val=24498&title=KONVERSI TEPUNG SAGU MENJADI SIRUP GLUKOSA DENGAN MENGGUNAKAN KATALIS ASAM KLORIDAv
https://ejournal.itn.ac.id/index.php/seniati/article/download/1942/1702/
https://ejournal.itn.ac.id/index.php/seniati/article/download/1942/1702/
http://dx.doi.org/10.17358/jma.19.3.492
http://dx.doi.org/10.58837/chula.the.2020.221
http://dx.doi.org/10.58837/chula.the.2020.221
http://dx.doi.org/10.1016/j.idairyj.2021.105187
http://dx.doi.org/10.1016/j.idairyj.2021.105187
http://dx.doi.org/10.1080/02664763.2020.1723503
http://dx.doi.org/10.1080/10408398.2022.2056871
http://dx.doi.org/10.1080/10408398.2022.2056871

	INTRODUCTION
	Research methodology
	Materials
	Preparing cassava peel for starch production
	Producing liquid sugar by combining saccharification time and temperature
	Examining liquid starch and sugar properties
	Moisture content
	Ash content
	Fiber content
	Reducing sugar content and starch content

	Statistical analysis

	Results and discussion
	Cassava peel starch quality
	Reducing the sugar content of liquid sugar by using starch from cassava peels
	Diagnostics and predicted results by RSM
	Optimization, validation, and characteristic of Liquid Sugar Saccharification Process

	Conclusions
	Acknowledgements

