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OBJECTIVES The purpose of this study was to determine the
optimal conditions for partial hydrolysis of gembili starch in
the maltodextrin production. Novelty of this research is the
use of acetic acid as a substitute for commonly used acids
and microwaves for process efficiency. METHODS The pro-
cess of maltodextrin production includes raw material pre-
treatment, gelatinization, liquefaction, drying and analysis.
Variations in liquefaction time (30, 40, 50 min), microwave
power (300, 400, 500W) andacetic acid concentration (14, 15,
16%)wereusedas independentvariables. RESULTSTheequiv-
alent dextrose analysis results were 9.389 ± 0.042 to18.980 ±
0.201%, the density analysis results were 1.059416 to 1.107796
g/ml and viscosity analysis resultswere0.430554 to0.974663
cP. This study produces that 96.705% of the total variabil-
ity in response can be explained in the regression equation.
CONCLUSIONS Critical value of this study estimated dextrose
equivalent value of maltodextrin produced of 16.636% and
the validation of it is 16.254 ± 0,074%.

KEYWORDS acetic acid; gembili starch; microwave; optimiza-
tion; partial hydrolysis

1. INTRODUCTION

Maltodextrin is a white powder that is odorless and has a
slightly sweet taste (AHOUEI et al. 2019; Pai et al. 2015). Mal-
todextrin is an intermediate product from starch hydrolysis
using acid or enzymecatalyst(Paramita et al. 2012). Maltodex-

trin is widely used in industry, one of which is as a thick-
ener or stabilizer in the food industry (Park andWalsh 2019;
Triyono et al. 2017). Maltodextrin production uses a partial
hydrolysis process because in the reaction of breaking the
glycosidic bond of amylopectin compound, OH- ions still re-
main. This happens when the α-1,4-glycoside bond that con-
nects the main chain is broken so that two ions finish react-
ing. Meanwhile, the α-1,4-glycoside bond side chain is not in-
terrupted, leaving 3 sides that will bind 2 H+ ions and 1 OH-

ion, and causing the OH- ion to not be completely reacted
(Lupoetal. 2020;Yáñez-Alaridetal. 2020;Roat‐Malone2007).
The process of hydrolysis requires catalyst so that the pro-
cess can run quickly. Acid catalyst are more widely used in
hydrolysis processes because the process is easy and simple
(Anggoro et al. 2021; Muhaimin and Sudiono 2017; M et al.
2016). Theacid that is oftenused in thehydrolysis process is a
strongacid. However,when theseacidsareused inmaltodex-
trin production as a food ingredient, it is very risky and dan-
gerous. Moreover, if themaltodextrin product is commercial-
ized, it will be exposed to food safety issues. Therefore, acetic
acid is used where this acid has beenwidely consumed (Har-
ianja et al. 2015; Lourenço et al. 2019; Perdana 2018).

Besides acid catalyst, the hydrolysis process is also af-
fected by heating (M.A. et al. 2019; Priatna et al. 2021; Sun
et al. 2015). Conventional heating in the hydrolysis process
produces low yield, a long process and expensive costs. Be-
sides conventional heating, microwave irradiation can also
be used as a heater. Microwave irradiation will cause the re-
action rate to increaseby5-100 times. Therefore, thehydroly-
sis withmicrowave assistance is a new approach and can ad-
dress previous problems (Li and Xu 2017; Okada and Maeda
2021; Rokhati et al. 2020).

The rawmaterial in this researchuses gembili (Dioscorea
esculenta L.) starch. Gembili starch is used because of its
great potency and high starch content, with an amylopectin
content of 85,8%. One of the regions with great gembili po-
tential is Papua, Indonesia with its production reaching 70
tons/ha/year (Fera andMasrikhiyah 2019; Latifah andPrahar-
dini 2020; Sabda et al. 2019).
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2. MATERIALS AND METHOD

2.1 Materials

Thedetails of thematerials in the research series canbe seen
as follows: Gembili (Diocorea esculenta L.) from Indonesian
local farmers, CH3COOH 100% (Merck, Germany), Fehling’s
solution A (Merck, Germany), D-Glucose Anhydrous (Merck,
Germany), andMethylene Blue (Merck, Germany).

The sample preparation process begins with stripping
the skin of gembili. After that, gembili are washed until all
dirt disappears. Next, soaking is carried out using 0,3% CaO
to remove the sap. Then, gembili are cut into pieces and
blended. The slurry of gembili is taken asmuch as 250 g and
dissolved in 2 L water. Then it is precipitated and resulting
precipitated is dried in the sun todry. After drying, the starch
of gembili is sifted using a 50 mesh sieve (Rukmini and San-
tosa 2019).

2.2 Procedures

2.2.1 Gelatinization process

The gelatinization process in this study was carried out by
adding acetic acid solution. As much as 30 g of dried gem-
bili (Dioscorea esculenta L.) starchwas put into a beaker glass
and added 300 ml of acetic acid solution, then stirred until
the starch dissolved. Next, gelatinization of the mixture was
carried out usingmicrowave assistance for 7,5min.

2.2.2 Liquefaction process

The liquefactionprocess in this studywascarriedoutbyheat-
ing using mantle heaters accompanied by stirring at a tem-
perature of 95°C. This liquefaction process where the acid
will enter the the pores of the material, combine with the
water contained in the material, will breaks down starch
molecules (Rahmawati et al. 2020).

2.2.3 Determine of physical propertise (density and
viscosity)

Density determination was determined by the relationship
between the mass of the pycnometer and the volume of the
pycnometer (Pentury et al. 2013), namely Equation 1.

ρmaltodextrin =
mb − ma

vc
(1)

Where, ρmaltodextrin = density of maltodextrin solution
(g/mL), ma = mass of empty pycnometer (g), mb = mass of
filled pycnometer (g), vc = volume of pycnometer (mL).

The viscosity value, was determined by the relationship
between the flowing time and density (Marta et al. 2017),
namely Equation 2.

η1

η2
=

ρ1. t1

ρ2 . t2
(2)

where,

1. η1 = the viscosity value of the sample (poise),
2. η2 = the viscosity value of distilled water (poise),
3. ρ1 = the density of the sample (g/ml),
4. ρ2 = the density of the distilled water sample (g/ml),

5. t1 = the sampleflowing time (s), t2 =distilledwater sample
flowing time (s).

2.2.4 Drying process

Theresulting liquidmaltodextrinwas thendried inanovenat
130°C for5hours. Afterdrying, themaltodextrinwascrushed
and then sieved to formmaltodextrin powder.

2.2.5 Determine of dextrose equivalent

Dextroseequivalent (DE) is a quantity that expresses the total
value of starch reducer or starchmodified products. Fehling
volumetric method was used for dextrose equivalent analy-
sis (Shi and Jeffcoat 2000). Find the fehling factor value by
dissolving 2.5 g of anhydrouse glucose with 1000 ml of dis-
tilledwater. Then, 50ml of distilledwaterwas put into theEr-
lenmeyerandadded5mlof fehlingAand fehlingB.Then, boil
themixture, and add 3 drops ofmethylene blue. The solution
is titratedwith thepreviousglucosesolutionuntil it turnsred-
dish brown. Record the titrant requirement and the fehling
factor (FF) by Equation 3.

FF =
Titrant needs (ml)×mass of glucose (gr)

1000ml
(3)

After determining the FF value, 5 g of maltodextrin pow-
der is taken and dissolved in 100 ml of aquadest. The solu-
tion is put into the burette. Then, 50 ml of distilled water
is put into the Erlenmeyer and 5 ml of fehling A and B are
added. After that, themixture is boiled and 3 drops ofmethy-
lene blue are added. The solution is titrated with the previ-
ousmaltodextrin titrate solutionuntil it turns reddish brown.
Record the titrant requirement and then calculate the dex-
trose equivalent value by Equation 4.

DE = FF x
100

Consentration o f maltodextrin solution
( gr

ml
)

x titrant neeeds (ml)
(4)

2.2.6 Response surface methodology statistical analysis

The response surface experiment is designed by applying
the Central Composite Design of the alpha for orthogonality
(Statictica 10 by Statsoft, Europe). The independent variables
of the process are acetic acid concentration (X1), microwave
power (X2), and liquefaction time (X3). Each optimized vari-
able was coded at five levels, namely -α, -1, 0, +1, +α. The re-
sponse obtainedwas the value of dextrose equivalent.

3. RESULTS AND DISCUSSION

The results of density, viscosity anddextrose equivalent anal-
ysis are shown in table 2. After that, the analysis was carried
out using response surface experiment (Statistica 10 by Stat-
soft, Europe).

3.1 Results of density analysis

The results of density analysis are shown in table 2,where the
lowest valueof 1.059g/mloccursat 15%acetic acid concentra-
tion, 400 W of microwave power, and 23.18 minute of lique-
faction time. Meanwhile, the highest value of 1.108 g/ml oc-
curs at 14%of acetic acid concentration, 400Wofmicrowave
power and 50minutes of liquefaction time.
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TABLE 1. Central composite design.

Independent Variables
Coded variables levels

-α -1 0 +1 +α

Acetic acid
concentration (%)

13.31 14 15 16 16.68

Microwave power (W) 231.82 300 400 500 568.18

Liquefaction Time
(min)

23.18 30 40 50 56.81

Themost significant factors affecting the density are the
duration of stirring. Stirring is an attempt to create move-
ment of the stirred material (dispersed solid particles) in a
solvent so that it can dissolve completely. Themore homoge-
neous a solution, the more solute mass is dissolved in each
volume of solvent, which will increase the density value (Ko-
mal Patel and Ingle 2019; Seager et al. 2018).

3.2 Results of viscosity analysis

The results of viscosity analysis are shown in table 2, where
the lowest value of 0.431 cP occurs at 15% of acetic acid con-
centration, 568.18 W of microwave power and 40 minute of
liquefaction time. Meanwhile, the highest value of 0.975 cP
occurs at 15% of acetic acid concentration, 400 W of mi-
crowave power and 56.82minute of liquefaction time.

The viscosity value is related to hydrolysis time, which is
also related to the results of dextroseequivalent value. This is
because thehigher thedextroseequivalent value, the shorter
the chain of the starch compounds produced from the hy-
drolysis process. This effect automatically occurs because
the cutting of the amylose and amylopectin chains becomes
shorter, resulting in a decrease in viscosity (Ikeda et al. 2022;
Laga et al. 2018)

3.3 Results of dextrose equivalent analysis

The results of dextrose equivalent analysis are shown in ta-
ble 2, where the lowest value of 9.389 ± 0.042 occurs at 15%
of acetic acid concentration, 400Wofmicrowave power and
23.18 minute of liquefaction time. Meanwhile, the highest
value of 18.980 ± 0.201 occurs at 15% of acetic acid concentra-
tion, 568.18Wofmicrowavepowerand40minuteof liquefac-
tion time.

Based on the dextrose equivalent results in Table 2, it
is shown that the dextrose equivalent (DE) of maltodextrin
produced ranges from 9-18. This indicates that the resulting
product is included in themaltodextringroupbecause theDE
value is still in the range of DE maltodextrin values of 3-20
(Saavedra-Leos et al. 2015; Xiao et al. 2022).

3.4 Results of response surface methodology statistical
analysis

The dextrose equivalent data from the experiment were pro-
cessed using the RSM method. RSM is one of the empirical
statistical methods used to analyze multiple regression and
can be used in solving multivariable equations simultane-
ously usingmultivariable-quantitative data (Damayanti et al.
2021; Korde et al. 2021; Yulianto et al. 2018).

TABLE 2. Central composite design experiment and experimental results.

Run
Experimental Design Experimental Results

Acetic Acid
Concentration (%)

(X1)

Microwave Power
(W) (X2)

Liquefaction Time
(min) (X3)

Density (g/ml) Viscosity (cP) Dextrose
Equivalent (%) (Y)

1 14 300 30 1.107 0.819 10.586 ± 0.054

2 14 300 50 1.108 0.687 12.018 ± 0.106

3 14 500 30 1.102 0.727 11.613 ± 0.037

4 14 500 50 1.099 0.626 15.333 ± 0.131

5 16 300 30 1.098 0.593 15.408 ± 0.066

6 16 300 50 1.087 0.467 16.690 ± 0.204

7 16 500 30 1.090 0.556 16.044 ± 0.071

8 16 500 50 1.093 0.535 16.425 ± 0.151

9 13.32 400 40 1.095 0.734 12.040 ± 0.040

10 16.68 400 40 1.102 0.672 16.127 ± 0.072

11 15 231.82 40 1.102 0.452 17.939 ± 0.089

12 15 568.18 40 1.104 0.431 18.980 ± 0.201

13 15 400 23.18 1.059 0.975 9.389 ± 0.042

14 15 400 56.82 1.069 0.652 13.161 ± 0.095

15 15 400 40 1.094 0.591 15.073 ± 0.125

16 15 400 40 1.085 0.586 15.720 ± 0.119
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FIGURE 1. Contour plot of RSM response surface on the effect of acetic acid concentration and liquefaction time on DE value.

3.4.1 Effect estimate

The accuracy of a model used in research can be evaluated
based on the correlation coefficient R2 value. The R2 value
provides a measurement of how the experimental variables
and their interactions canexplaindifferences in variability in
the observed response values. The R2 value is in the range
of 0-1, where if the R2 value is closer to 1, it indicates that
the model used is good at predicting the response (Lu et al.
2023; Paramita et al. 2016; Yulianto et al. 2018) This study pro-
duces a coefficient of determination is 0.96705. It can be in-
terpreted that 96.705%of the total variability in response can

be explained by the regression equation (Equation 5.

15.2512 + 3.20565X1 − 1.06498X1
2 + 0.94638X2+

2.02931X2
2 + 1, 92691X3 − 3.05105X3

2−

0.99294X1X2 − 0, 87167X1X3 + 0.34698X2X3

(5)

3.4.2 Response surface contour plot

In figure 1, the surface contour plot of the response to the
effect of acetic acid concentration and liquefaction time is
presented. Higher acid concentration and longer liquefac-
tion time result in a higher dextrose equivalent value (Kong

FIGURE 2. Contour plot of RSM response on the effect of acetic acid concentration and microwave power on DE value.
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FIGURE 3. Contour plot of RSM response surface on the effect of microwave power and liquefaction time on DE value.

et al. 2018; Laga et al. 2020; Santosa and Handayani 2014).
The higher concentration of the catalyst will decrease the ac-
tivation energy so that the hydrolysis process will be faster
(Muhaimin and Sudiono 2017; Rahmawati et al. 2020). The
faster of hydrolysis process will break the chain of amylose
and amylopectin compounds and it will affect the dextrose
equivalent value. The shorter the chains of modified amy-
lose and amylopectin compounds are related to the degree
of polymerization of the final product (Subroto 2020; Vargas-
Campos et al. 2023).

In figure2, the surfacecontourplot of the response to the
effect of acetic acid concentration and microwave power is

presented. The higher of microwave power will increase the
heating temperature, so it will increase the effectiveness of
hydrolysis (Fu et al. 2016; Jiang et al. 2023). This is because
the greater of the power used to generatemicrowaves, it will
make the greater of electric field strength. If the electric
field strength is greater, will generate microwave amplitude
is also greater. The rotational speed of the polar molecules
has a linear relationship to the microwave amplitude. The
amplitude greater, the polar molecules rotate will faster, so
heat forming is faster (Chengetal. 2022;RosyidaPermatasari,
M. Sjahrul Annas 2015; Sujana et al. 2020).

In figure 3, the surface contour plot of the response to

FIGURE 4. Pareto diagram of variable influence on dextrose equivalent value of maltodextrin.
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FIGURE 5. Comparison of experimental data and estimated dextrose equivalent values of maltodextrin.

the effect of microwave power and liquefaction is presented.
The higher of gelatinization temperature makes the starch
bubble faster and break easily so that the bonds between glu-
cose units from amylose and amylopectin stretch more and
are easy to break (Feng et al. 2020; Sobini et al. 2022). It will
produce the chains of amylose and amylopectin compounds
that are shorter. This affects the liquefaction time because
it will increase the affectiveness during the liquefaction pro-
cess (Arif et al. 2019; Gui et al. 2021).

3.4.3 Pareto diagram

In figure 4, a pareto diagram showing which variables were
most influential in the experiment is presented. The most
influential independent variable in the partial hydrolysis of
gembili starch to producemaltodextrin is the acetic acid con-
centration (L), liquefaction time (Q), liquefaction time (L) and
microwave power (Q), seen from the independent parameter
value which is more than 0.5 as the p value (Endy Yulianto
et al. 2022, 2020).

3.4.4 Comparison data runs vs dextrose equivalent
analysis

The relation between the predicted values and the model re-
sults obtained from the experiment is presented in Figure
5. The plot formed in the figure shows the experimental

data where it can be seen that there are deviations at sev-
eral points from the estimated value. However, the deviation
between these values shows a relatively good correlation be-
cause the resulting research data is close to the linear line of
the estimated value. Regression coefficients are clarified us-
ing pareto diagrams andANOVA for each influential variable
(Lu et al. 2023; Nisa and Paramita 2021).

3.4.5 Predicted and validation value of dextrose
equivalent analysis

Parameter optimization for partial hydrolysis of gembili
(Dioscorea esculenta L.) starch using acetic acid and mi-
crowave assistance on acetic acid concentration, microwave
power, and liquefaction timewas carried out by determining
the critical values shown in Table 3. The critical value for dex-
trose equivalent optimization obtained through RSM analy-
sis is saddlepoint-shaped, saddlepoint-shaped occur which
are characterized by a contour plot that forms a horseshoe
(Lu et al. 2023; Sofyan et al. 2018), with an estimated dextrose
equivalent value of maltodextrin produced of 16.636 which
will be achieved at an acetic acid concentration of 16.41%,mi-
crowavepowerof410.12W,and liquefaction timeof41.20min.
Based on the critical value experiment that has been carried
out, the dextrose equivalent obtained is 16.254 ± 0,074. The
results obtained from the critical value experiment are close
to the predicted value of RSM.

TABLE 3. Predicted and validation value of dextrose equivalent analysis.

Factor Minimum Value Critical Value Maximum Value

Acetic acid concentration (%) 13.32 16.41 16.68

Microwave power (W) 231.82 410.12 568,18

Liquefaction time (min) 23.18 41.20 56.82

Predicted value of dextrose equivalent 16.636

Validation value of dextrose equivalent 16.254 ± 0.074
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TABLE 4. Analysis variance of gembili (Dioscorea esculenta L.) starch partial hydrolysis.

Factor SS Df MS F

Acetic acid concentration
(%) (L)

35,0851 1 35,08506 56,78302

Acetic acid concentration
(%) (Q)

2,6268 1 2,62681 4,25133

Microwave Power (W) (L) 3,0579 1 3,05786 4,94896

Microwave Power (W) (Q) 9,5377 1 9,53770 15,43619

Liquefaction Time (min) (L) 12,6769 1 12,67687 20,51674

Liquefaction time (min) (Q) 21,5598 1 21,55976 34,89315

1L by 2L 1,9719 1 1,97186 3,19134

1L by 3L 1,5196 1 1,51962 2,45942

2L by 3L 0,2408 1 0,24079 0,38970

Error 3,7073 6 0,61788

Total SS 112,5234 15 142.86985

3.4.6 Analysis of variance

The response surface model in the analysis of variance
(ANOVA) form is shown in Table 4. ANOVA is required to test
the significance and adequacy of themodel. The Fisher vari-
ance ratio or F value is a valid statisticalmeasure of howwell
a factor explains the variation in the mean data, and the es-
timated effect of the factor is real. The greater the F value,
the more it indicates uniformity (Malla et al. 2023; Paramita
etal. 2016;Xieet al. 2023)TheANOVAof the regressionmodel
shows that it exhibits a significant correlation, as evident
from the F value of the Fisher test (Fmodel = 142.86985).

4. CONCLUSIONS

The response surface methodology is used to optimize the
dextrose equivalent value of maltodextrin production from
gembili starch. Acetic acid concentration (%)(X1), microwave
power (W)(X2) and liquefaction time (min)(X3) are used as in-
dependent variables. The results indicate that the acetic acid
concentration (L), liquefaction time (Q), liquefaction time (L)
and microwave power (Q) are the most significant factors in
this process. This study shows that 96.705% of the total vari-
ability in response can be explained in the regression equa-
tion. The Critical value of this study estimates the dextrose
equivalentvalue tobemaltodextrinproducedof 16.636which
will be achieved at an acetic acid concentration of 16.41%,mi-
crowavepowerof410.12W,and liquefaction timeof41.20min.
The validation of it is 16.254 ± 0,074.

5. ACKNOWLEDGEMENTS

The authors gratefully aknowledge the support fromUniver-
sitas Diponegoro andUniversitasWahid Hasyim.

REFERENCES

AHOUEI MH, POURAHMAD R, MOGHARI AA. 2019. Im-
provement of physical and sensory properties of whip-
pingcreambyreplacingsucrosewithrebaudiosideA, iso-
malt and maltodextrin. Food Science and Technology.
39(1):170–175. doi:10.1590/fst.41917.

Anggoro DD, Buchori L, Djaeni M, Ratnawati, Retnowati DS,
Hadiyanto, Shidqi A. 2021. Optimization on the hydrol-
ysis process of cellulose from corn husk to glucose with

activated carbon catalyst sulfonated. Journal of Physics:
Conference Series. 1858(1):12088. doi:10.1088/1742-659
6/1858/1/012088.

Arif AB, Sasmitaloka KS,Winarti C,Wahyudiono. 2019. Effect
of liquefaction time and enzymeaddition on liquid sugar
production from sweet sorghum starch by enzymatic hy-
drolysis. IOP Conference Series: Earth and Environmen-
tal Science. 250:12042. doi:10.1088/1755-1315/250/1/0120
42.

Cheng Z, Li J, Qiao D, Wang L, Zhao S, Zhang B. 2022.
Microwave reheating enriches resistant starch in cold-
chain cooked rice: A view of structural alterations dur-
ing digestion. International Journal of Biological Macro-
molecules. 208:80–87. doi:10.1016/j.ijbiomac.2022.03.0
34.

Damayanti A, Triwibowo B, Megawati M, Azhari M, Fadri-
ana SA. 2021. Optimization of anthocyanin extraction
from cockspur coral (erythrina crista-galli l.) Petals with
microwave-assisted extraction (mae) using response
surface methodology. ASEAN Journal of Chemical Engi-
neering. 21(2):143. doi:10.22146/ajche.63393.

EndyYuliantoM,Amalia R,Wahyuningsih, Sutrisno, AryaYu-
danto Y. 2020. Bioadsorption of modified empty fruit
bunch palm oil for reducing its 3-MCPD compounds us-
ing response surface methodology. E3S Web of Confer-
ences. 202:12019. doi:10.1051/e3sconf/202020212019.

Endy Yulianto M, Yuniastuti A, Rohdiana D, Paramita V,
Amalia R, Sutrisno,Hartati I, YohanaE, Shabri,Mustikan-
ingrumM, Dwi Nyamiati R, Hardiana M. 2022. Optimiza-
tion of UV-photo fermentation conditions theaflavin
from tea leaves (Camellia sinensis) using response sur-
facemethodology (RSM) as inhibitor in SARS-CoV-2. Ma-
terials Today: Proceedings. 63:S89–S94. doi:10.1016/j.ma
tpr.2022.02.031.

Feng W, Ma S, Wang X. 2020. Recent advances in quality de-
terioration and improvement of starch in frozen dough.
Grain & Oil Science and Technology. 3(4):154–163. doi:
10.1016/j.gaost.2020.07.002.

Fera M, Masrikhiyah R. 2019. Ekstraksi inulin dari umbi gem-
bili (discorea esculenta l) dengan pelarut etanol. Jurnal
Pangan dan Gizi. 9(2):110. doi:10.26714/jpg.9.2.2019.110-1
16.

Fu J, Li Y, Zhang Q, Shen S, Du XY, Wang HB, Gao WD.

106

https://doi.org/10.22146/jrekpros.83823
http://dx.doi.org/10.1590/fst.41917
http://dx.doi.org/10.1088/1742-6596/1858/1/012088
http://dx.doi.org/10.1088/1742-6596/1858/1/012088
http://dx.doi.org/10.1088/1755-1315/250/1/012042
http://dx.doi.org/10.1088/1755-1315/250/1/012042
http://dx.doi.org/10.1016/j.ijbiomac.2022.03.034
http://dx.doi.org/10.1016/j.ijbiomac.2022.03.034
http://dx.doi.org/10.22146/ajche.63393
http://dx.doi.org/10.1051/e3sconf/202020212019
http://dx.doi.org/10.1016/j.matpr.2022.02.031
http://dx.doi.org/10.1016/j.matpr.2022.02.031
http://dx.doi.org/10.1016/j.gaost.2020.07.002
http://dx.doi.org/10.26714/jpg.9.2.2019.110-116
http://dx.doi.org/10.26714/jpg.9.2.2019.110-116


Shalihin et al. Jurnal Rekayasa Proses 18(2): 100–108

2016. High-temperature heating and microwave pre-
treatments: A new light in bamboo’s enzymatic hydroly-
sis. Thermal Science. 20(3):999–1002. doi:10.2298/tsci16
03999f.

Gui Y, ZouF, Li J, Tang J, Guo L, Cui B. 2021. Corn starchmodifi-
cation during endogenousmalt amylases: The impact of
synergistic hydrolysis time of α-amylase and β-amylase
and limit dextrinase. International Journal of Biological
Macromolecules. 190:819–826. doi:10.1016/j.ijbiomac.2
021.09.052.

Harianja J, Idiawati N, Rudiyansyah. 2015. Optimasi jenis dan
konsentrasi asampadahidrolisis selulosa dalam tongkol
jagung. https://jurnal.untan.ac.id/index.php/jkkmipa/art
icle/view/11604.

Ikeda SK, Finzer JRD, PereiraTeixeira E. 2022. Industrial mal-
todextrin production and impacts on dryer and product
performance. American Scientific Research Journal for
Engineering, Technology, and Sciences. 85(1):23–40. ht
tps://asrjetsjournal.org/index.php/American_Scientific
_Journal/article/view/7295.

Jiang K, Wang W, Ma Q, Wang J, Sun J. 2023. Microwave-
assisted enzymatic hydrolysis as a novel efficient way
to prepare porous starch. Carbohydrate Polymers.
301:120306. doi:10.1016/j.carbpol.2022.120306.

Komal Patel NP, Ingle DP. 2019. Review of extraction tech-
niques extractionmethods: microwave, ultrasonic, pres-
surized fluid, soxhlet extraction, etc. International Jour-
nal of Advanced Research in Chemical Science. 6(3). doi:
10.20431/2349-0403.0603002.

Kong H, Zou Y, Gu Z, Li Z, Jiang Z, Cheng L, Hong Y, Li C. 2018.
Liquefaction concentration impacts the fine structure of
maltodextrin. Industrial Crops and Products. 123:687–
697. doi:10.1016/j.indcrop.2018.07.042.

Korde S, Deshmukh S, Tandekar S, Jugade R. 2021. Imple-
mentation of response surface methodology in physi-
chemisorptionof Indigo carminedyeusingmodified chi-
tosan composite. Carbohydrate Polymer Technologies
and Applications. 2:100081. doi:10.1016/j.carpta.2021.
100081.

Laga A, Darmawan, Bastian F, Muhpidah, Djalal M. 2020. The
effect of liquefaction time and temperature on the qual-
ity and anthocyanin content of purple sweet potato mal-
tohemidextrin. IOP Conference Series: Earth and Envi-
ronmental Science. 575(1):12032. doi:10.1088/1755-1315/
575/1/012032.

Laga A, Syarifuddin A, Dirpan A. 2018. Enzymatic produc-
tion ofmaltodextrins derived fromsagoflour using heat-
stable alpha-amylase and pullulanase. IOP Conference
Series: Earth and Environmental Science. 157:12028. doi:
10.1088/1755-1315/157/1/012028.

Latifah E, Prahardini PER. 2020. Identifikasi dan deskripsi
tanaman umbi-umbian pengganti karbohidrat di
kabupaten trenggalek. Agrosains : Jurnal Penelitian
Agronomi. 22(2):94. doi:10.20961/agsjpa.v22i2.43787.

Li X, Xu J. 2017. Effects of the microwave power on the
microwave-assisted esterification. Current Microwave
Chemistry. 4(2):158–162. doi:10.2174/22133356036661
60906151018.

Lourenço SC, Moldão-Martins M, Alves VD. 2019. Antiox-
idants of natural plant origins: from sources to food

industry applications. Molecules (Basel, Switzerland).
24(22):4132. doi:10.3390/molecules24224132.

Lu H, Zhang L, Xi X, Nie Z. 2023. Optimization of pulse
bi-directional electrolysis in-situ synthesis of tungsten
carbide by response surface methodology. Interna-
tional Journal of Refractory Metals and Hard Materials.
111:106063. doi:10.1016/j.ijrmhm.2022.106063.

Lupo C, Boulos S, Nyström L. 2020. Influence of partial
acid hydrolysis on size, dispersity, monosaccharide com-
position, and conformation of linearly-branched water-
soluble polysaccharides. Molecules (Basel, Switzerland).
25(13):2982. doi:10.3390/molecules25132982.

M RW, Noviyanto D, RM F. 2016. The influence of variation
in time and HCl concentration to the glucose produced
from kepok banana. IOP Conference Series: Materials
Science and Engineering. 105:12017. doi:10.1088/1757-8
99x/105/1/012017.

MA A, D K, Liew PS, M SM, Sarbon NM. 2019. Effect of heat
treatment and enzymatic protein hydrolysis on the de-
gree of hydrolysis and physicochemical properties of ed-
ible bird’s nest. Food Research:664–677. doi:10.26656/fr.
2017.3(6).149.

Malla MA, Dubey A, Kumar A, Yadav S, Kumari S. 2023. Mod-
eling and optimization of chlorpyrifos and glyphosate
biodegradation using RSM and ANN: Elucidating their
degradation pathways by GC-MS based metabolomics.
Ecotoxicology and Environmental Safety. 252:114628. doi:
10.1016/j.ecoenv.2023.114628.

Marta H, Tensiska T, Riyanti L. 2017. Karakterisasi maltodek-
strin dari pati jagung (zea mays) menggunakan metode
hidrolisis asam pada berbagai konsentrasi. Chimica et
Natura Acta. 5(1):13. doi:10.24198/cna.v5.n1.12816.

Muhaimin, Sudiono S. 2017. Kinetic study of hydrolysis of co-
conut fiber into glucose. doi:10.1063/1.4978165.

NisaQAK, ParamitaV. 2021. Design of stirred tank reactor for
cellulase enzyme rumen liquid basedbioethanol produc-
tion from banana rod. doi:10.21203/rs.3.rs-93295/v2.

Okada Y, Maeda R. 2021. Effect of microwave irradiation on
oximation of acetylferrocene. Green and Sustainable
Chemistry. 11(01):1–8. doi:10.4236/gsc.2021.111001.

Pai DA, Vangala VR, Ng JW, Ng WK, Tan RBH. 2015. Resis-
tant maltodextrin as a shell material for encapsulation
of naringin: Production and physicochemical character-
ization. Journal of Food Engineering. 161:68–74. doi:
10.1016/j.jfoodeng.2015.03.037.

Paramita V, Endy Yulianto M, Dita Ratnasari O. 2016. Pen-
garuh pemanasan berbasis gelombang mikro dalam
proses ekstraksi enzimatis vanilinpadapolongvanila (ef-
fect of microwave-based heating in the enzymatic ex-
traction process of vanillin in vanilla pods). Prosiding
SNST:11–16. https://publikasiilmiah.unwahas.ac.id/PR
OSIDING_SNST_FT/article/view/1465/1549.

ParamitaV, FurutaT, YoshiiH. 2012. High‐oil‐loadencapsula-
tion ofmedium‐chain triglycerides and d‐limonenemix-
ture in modified starch by spray drying. Journal of Food
Science. 77(2). doi:10.1111/j.1750-3841.2011.02534.x.

Park N, Walsh MK. 2019. Physical and emulsion stabilizing
properties ofmaltodextrin fatty acid polymers produced
by lipase-catalyzed reactions in ethanol. Carbohydrate
Polymers. 226:115309. doi:10.1016/j.carbpol.2019.115309.

PenturyMH,NursyamH,HarahapN. 2013. Karakterisasimal-

107

http://dx.doi.org/10.2298/tsci1603999f
http://dx.doi.org/10.2298/tsci1603999f
http://dx.doi.org/10.1016/j.ijbiomac.2021.09.052
http://dx.doi.org/10.1016/j.ijbiomac.2021.09.052
https://jurnal.untan.ac.id/index.php/jkkmipa/article/view/11604
https://jurnal.untan.ac.id/index.php/jkkmipa/article/view/11604
https://asrjetsjournal.org/index.php/American_Scientific_Journal/article/view/7295
https://asrjetsjournal.org/index.php/American_Scientific_Journal/article/view/7295
https://asrjetsjournal.org/index.php/American_Scientific_Journal/article/view/7295
http://dx.doi.org/10.1016/j.carbpol.2022.120306
http://dx.doi.org/10.20431/2349-0403.0603002
http://dx.doi.org/10.1016/j.indcrop.2018.07.042
http://dx.doi.org/10.1016/j.carpta.2021.100081
http://dx.doi.org/10.1016/j.carpta.2021.100081
http://dx.doi.org/10.1088/1755-1315/575/1/012032
http://dx.doi.org/10.1088/1755-1315/575/1/012032
http://dx.doi.org/10.1088/1755-1315/157/1/012028
http://dx.doi.org/10.20961/agsjpa.v22i2.43787
http://dx.doi.org/10.2174/2213335603666160906151018
http://dx.doi.org/10.2174/2213335603666160906151018
http://dx.doi.org/10.3390/molecules24224132
http://dx.doi.org/10.1016/j.ijrmhm.2022.106063
http://dx.doi.org/10.3390/molecules25132982
http://dx.doi.org/10.1088/1757-899x/105/1/012017
http://dx.doi.org/10.1088/1757-899x/105/1/012017
http://dx.doi.org/10.26656/fr.2017.3(6).149
http://dx.doi.org/10.26656/fr.2017.3(6).149
http://dx.doi.org/10.1016/j.ecoenv.2023.114628
http://dx.doi.org/10.24198/cna.v5.n1.12816
http://dx.doi.org/10.1063/1.4978165
http://dx.doi.org/10.21203/rs.3.rs-93295/v2
http://dx.doi.org/10.4236/gsc.2021.111001
http://dx.doi.org/10.1016/j.jfoodeng.2015.03.037
https://publikasiilmiah.unwahas.ac.id/PROSIDING_SNST_FT/article/view/1465/1549
https://publikasiilmiah.unwahas.ac.id/PROSIDING_SNST_FT/article/view/1465/1549
http://dx.doi.org/10.1111/j.1750-3841.2011.02534.x
http://dx.doi.org/10.1016/j.carbpol.2019.115309


Jurnal Rekayasa Proses 18(2): 100–108 DOI 10.22146/jrekpros.83823

todekstrin dari pati hipokotil mangrove (bruguiera gym-
norrhiza) menggunakan beberapa metode hidrolisis en-
zim. Indonesian Green Technology. 2(1):53–60. https:
//igtj.ub.ac.id/index.php/igtj/article/view/107.

PerdanaWW. 2018. Penerapan gmp dan perencanaan pelak-
sanaan haccp (hazard analysis critical control point) pro-
duk olahan pangan tradisional (mochi). AGROSCIENCE
(AGSCI). 8(2):231. doi:10.35194/agsci.v8i2.492.

Priatna MR, Palit WH, Kurniawan R. 2021. Effect of hydroly-
sis temperature and acid solution concentration on hy-
drolysis of hyacinth. Proceedings of the 3rd Faculty of
Industrial Technology International Congress. Bandung:
Faculty of Industrial Technology International Congress.
p. 74–82. https://foitic.itenas.ac.id/.

Rahmawati A, Saputri AI, Gunardi I. 2020. Kinetics
study of acid catalyzed degradation of glucose in
high-temperature liquid water. Journal of Energy
Mechanical Material and Manufacturing Engineering.
5(2):21. doi:10.22219/jemmme.v5i2.12553.

Roat‐Malone RM. 2007. Bioinorganic chemistry. Wiley. doi:
10.1002/9780470191712.

RokhatiN,KusworoTD, SusantoH,Widiasa IN,AryantiN,Ad-
hiartha A, Fahni Y, HamadaN�. 2020. Preparation of glu-
cosamine by acid hydrolysis of chitin under microwave
irradiation. doi:10.1063/1.5140934.

Rosyida Permatasari, M Sjahrul Annas BA. 2015. Distribusi
temperatur pada microwave menggunakan metode cfd.
Seminar Nasional Tahunan Teknik Mesin XIV (SNTT M
XIV). (1):1–5. http://eprints.unlam.ac.id/634/1/KE-57.pdf.

Rukmini P, Santosa I. 2019. Pemanfaatan pati gembili
(dioscorea esculenta) menjadi glukosa dengan metode
hidrolisis asammenggunakan katalis hcl. Konversi. 8(1).
doi:10.20527/k.v8i1.6514.

Saavedra-Leos Z, Leyva-Porras C, Araujo-Díaz SB, Toxqui-
Terán A, Borrás-Enríquez AJ. 2015. Technological appli-
cation of maltodextrins according to the degree of poly-
merization. Molecules (Basel, Switzerland). 20(12):21067–
21081. doi:10.3390/molecules201219746.

Sabda M, Wulanningtyas HS, Ondikeleuw M, Baliadi Y. 2019.
Characterization of potential local gembili (dioscorea
esculenta l) from papua as alternative of staple food.
Buletin PlasmaNutfah. 25(1):25. doi:10.21082/blpn.v25n1.
2019.p25-32.

Santosa H, Handayani NA. 2014. Hidrolisa enzimatik pati
tapioka dengan kombinasi pemanas microwave-water
bath pada pembuatan dekstrin. Momentum. 10(2):25–29.
https://publikasiilmiah.unwahas.ac.id/MOMENTUM/art
icle/view/1056/1165.

Seager RJ, AcevedoAJ, Spill F, ZamanMH. 2018. Solid dissolu-
tion in a fluid solvent is characterized by the interplay of
surface area-dependent diffusion and physical fragmen-
tation. Scientific reports. 8(1):7711. doi:10.1038/s41598-0
18-25821-x.

Shi Y, Jeffcoat R. 2000. Structural features of resistant starch.
doi:10.1002/9780470999615.ch37.

Sobini N, Darsiga S, Kananke TC, Srivijeindran S. 2022. Char-
acterization of modified palmyrah tuber starch by pre-
gelatinization, acid and dextrinization processes and its
applicability. Food Chemistry Advances. 1:100143. doi:
10.1016/j.focha.2022.100143.

SofyanH,Marzuki,Marlina,NovrizanB. 2018. The integration

of response surface method in microsoft excel with vi-
sual basic application. Journal of Physics: Conference Se-
ries. 1116:22044. doi:10.1088/1742-6596/1116/2/022044.

Subroto E. 2020. Review on the analysis methods of starch,
amylose, amylopectinin food and agricultural products.
International Journal ofEmergingTrends inEngineering
Research. 8(7):3519–3524. doi:10.30534/ijeter/2020/103
872020.

Sujana GAPP, Sumadiyasa M, Isnaeni I. 2020. Sintesis car-
bon dot dengan bahan dasar asam sitrat menggunakan
metode pemanasan secara berulang di dalam oven mi-
crowave. BULETIN FISIKA. 22(1):29. doi:10.24843/bf.20
21.v22.i01.p05.

Sun Q, Zhu X, Si F, Xiong L. 2015. Effect of acid hydroly-
sis combinedwith heatmoisture treatment on structure
and physicochemical properties of corn starch. Journal
of food science and technology. 52(1):375–382. doi:10.100
7/s13197-013-0998-7.

Triyono A, Erwan Andriansyah RC, Luthfiyanti R, Rahman T.
2017. Development of modified starch technology (mal-
todextrin) from commercial tapioca on semi production
scale using oil heater dextrinator. IOP Conference Se-
ries: Earth and Environmental Science. 101:12026. doi:
10.1088/1755-1315/101/1/012026.

Vargas-Campos L, Figueroa-Cárdenas JdD, Tochihuitl-
Vázquez D, Ramírez-Bon R, Yáñez-Limón JM, Pérez-
Robles JF. 2023. Study of the dextrose equivalent of mal-
todextrins in electrospinning using an ethanol/water
mixture as the electrospinning solvent. Food Hydrocol-
loids. 139:108498. doi:10.1016/j.foodhyd.2023.108498.

XiaoZ, Xia J, ZhaoQ,NiuY, ZhaoD. 2022. Maltodextrin aswall
material formicrocapsules: A review. Carbohydrate Poly-
mers. 298:120113. doi:10.1016/j.carbpol.2022.120113.

Xie YC, Kang K, Zheng C, Lan L, Song H, Li HL, Kang J,
Bai SP. 2023. Optimised synthesis of stainless steel
fibre-entrapped activated carbon composites using re-
sponse surface methodology. Chemical Physics Letters.
815:140355. doi:10.1016/j.cplett.2023.140355.

Yáñez-Alarid R, Santos-Santos E, Lejarazo-Gómez EF. 2020.
Amide synthesis through selective partial hydrolysis of
nitriles in alkaline media. Journal of Chemistry and
Chemical Engineering. 14(2). doi:10.17265/1934-7375/
2020.02.003.

Yulianto ME, Paramita V, Hartati I, Amalia R. 2018. Response
surface methodology of pressurized liquid water extrac-
tion of curcumin from curcuma domestica val. Rasayan
Journal of Chemistry. 11(4):1564–1571. doi:10.31788/rjc.2
018.1141990.

108

https://doi.org/10.22146/jrekpros.83823
https://igtj.ub.ac.id/index.php/igtj/article/view/107
https://igtj.ub.ac.id/index.php/igtj/article/view/107
http://dx.doi.org/10.35194/agsci.v8i2.492
https://foitic.itenas.ac.id/
http://dx.doi.org/10.22219/jemmme.v5i2.12553
http://dx.doi.org/10.1002/9780470191712
http://dx.doi.org/10.1063/1.5140934
http://eprints.unlam.ac.id/634/1/KE-57.pdf
http://dx.doi.org/10.20527/k.v8i1.6514
http://dx.doi.org/10.3390/molecules201219746
http://dx.doi.org/10.21082/blpn.v25n1.2019.p25-32
http://dx.doi.org/10.21082/blpn.v25n1.2019.p25-32
https://publikasiilmiah.unwahas.ac.id/MOMENTUM/article/view/1056/1165
https://publikasiilmiah.unwahas.ac.id/MOMENTUM/article/view/1056/1165
http://dx.doi.org/10.1038/s41598-018-25821-x
http://dx.doi.org/10.1038/s41598-018-25821-x
http://dx.doi.org/10.1002/9780470999615.ch37
http://dx.doi.org/10.1016/j.focha.2022.100143
http://dx.doi.org/10.1088/1742-6596/1116/2/022044
http://dx.doi.org/10.30534/ijeter/2020/103872020
http://dx.doi.org/10.30534/ijeter/2020/103872020
http://dx.doi.org/10.24843/bf.2021.v22.i01.p05
http://dx.doi.org/10.24843/bf.2021.v22.i01.p05
http://dx.doi.org/10.1007/s13197-013-0998-7
http://dx.doi.org/10.1007/s13197-013-0998-7
http://dx.doi.org/10.1088/1755-1315/101/1/012026
http://dx.doi.org/10.1016/j.foodhyd.2023.108498
http://dx.doi.org/10.1016/j.carbpol.2022.120113
http://dx.doi.org/10.1016/j.cplett.2023.140355
http://dx.doi.org/10.17265/1934-7375/2020.02.003
http://dx.doi.org/10.17265/1934-7375/2020.02.003
http://dx.doi.org/10.31788/rjc.2018.1141990
http://dx.doi.org/10.31788/rjc.2018.1141990

	INTRODUCTION
	Materials and method
	Materials
	Procedures
	Gelatinization process
	Liquefaction process
	Determine of physical propertise (density and viscosity)
	Drying process
	Determine of dextrose equivalent
	Response surface methodology statistical analysis


	Results and discussion
	Results of density analysis
	Results of viscosity analysis
	Results of dextrose equivalent analysis
	Results of response surface methodology statistical analysis
	Effect estimate
	Response surface contour plot
	Pareto diagram
	Comparison data runs vs dextrose equivalent analysis
	Predicted and validation value of dextrose equivalent analysis
	Analysis of variance


	Conclusions
	Acknowledgements

