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Abstract: Cassava Solid waste (Onggok) is a solid waste from the cassava-based tapioca industry,
the starch content in Onggok is still 50-80 wt.% of residual starch, which can be used to produce
maltodextrin for foods application. Furthermore, using cassava solid waste is beneficial in terms of
the cost of raw materials. The starch content in cassava can be modified through enzymatic
hydrolysis using a-amylase and (3-amylase enzymes at 80°C and pH 5.5. Enzymatic hydrolysis was
done using mixed enzymes that varied the concentration of a-amylase at 0,.1% and the 3-amylase
enzymes at 0.05, 0.1, and 0.5%. the concentration of cassava waste (Onggok) varied from 4%, 7%,
10%, and 13%. The optimum concentration of a-amylase and f-amylase enzymes are 0.1% and 0.1%
respectively at time intervals of 1 minute resulting in a dextrose equivalent (DE) value 0f 5.7. The
characteristics of maltodextrin were studied using scanning electron microscopy (SEM) to
determine the morphology of the starch structure which had changed due to the enzyme hydrolysis.
Simultaneous thermal analysis (STA) was studied to determine the Thermal stability of hydrolysis
products. Maltodextrin produced from cassava waste (Onggok) has a DE value < 10, which has the
potential to be used in the pharmaceutical industry.

Keywords: maltodextrin; dextrose equivalent; enzymatic hydrolysis; a-amylase; 3-amylase

1. Introduction

The use of materials for bioconversion has attracted the attention of scientists over the last few
years [1]. Sustainable solid waste management has become a major problem for developing and
developed countries in the world, so the environmental problems associated with the disposal of this
waste are reduced by bioconversion processes [2]. Cassava Waste is a cassava solid waste from the
tapioca industry originating from cassava processing (In Indonesia is known as Onggok), so far,
onggok has developed as animal feed, but it causes many environmental problems. Previous research
shows that the main component of waste consists of 60,68% starch [3], 19% fibers that contain
cellulose fibers [4]. Starch is a group of carbohydrates and is a repeating unit of glucose compound
polymer combined with two main components, those are amylose and amylopectin. Amylose is very
hydrophilic because it contains many hydroxyl groups [5]. The collection of amylose in water makes
it difficult to form a gel, Even though it has a high concentration. Starch molecules do not easily
dissolve in water at room temperature or cold water, in contrast to amylopectin which has a branched
structure; starch will easily expand and form colloids in water. One example of a starch modification
product is dextrin/maltodextrin [6]. Starch from cassava waste can be improved in terms of

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202312.2045.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 December 2023 doi:10.20944/preprints202312.2045.v1

functionality by involving modification of the chemical and physical properties of starch, and it is
widely used as a raw material in animal feed, and has significant potential in the production of
maltodextrin [3].An alternative application of starch from cassava waste can be converted into
maltodextrin, glucose, and maltose syrups by using amylolytic enzymes [7].

Maltodextrin is a hydrolyzed product of short-chain starch which has wide applications in the
food and health sectors. The starch contained in cassava waste provides an interesting perspective
for scientists in developing a bioconversion process for cassava waste into useful chemicals [8].
Onggok can be extracted by enzymatic hydrolysis with several groups of amylases [7]. a-amylase
reduces starch chains to smaller oligosaccharides used to increase the gelatinization process in
enzymatic extraction to reduce the viscosity of the medium and in the saccharification process. a-
amylases are responsible for reducing cellulose to smaller chain [9].

Maltodextrin with a dextrose equivalent (DE) value specification of 5 to 20 is a functional
material category for pharmaceuticals, as an encapsulation agent and filler in solid and liquid
medicines [10]. In previous study, maltodextrin around 10-30% as encapsulating agent could
maintain antioxidant activity on phenolic compound [11]. In recent study combination maltodextrin
with other materials such as protein isolate and gum Arabic as an encapsulation agent for powder
juice obtained encapsulation efficient between 80-95% [12] [13]

In this research, onggok is used as a source of starch which can be enzymatically hydrolyzed to
produce maltodextrin. Starch hydrolysis is carried out by varying two enzymes, that are a-amylase
and (3-amylase with varying times, enzyme concentrations, and substrate concentrations. So that is
this research aims to evaluate the activity of enzymatic hydrolysis of starch with a-amylase and (-
amylase in the production of maltodextrin. Moreover, SEM, NMR, and STA were conducted to study
the morphological and functional group changes in hydrolyzed starches by onggok.

2. Materials and Methods

2.1. Materials

The cassava solid waste or onggok used in this research was obtained from Bogor and is
extensively cultivated from cassava tuber plants. A series of treatment processes are carried out
before the cassava waste is used for research. Onggok is pressed, dried, and ground to obtain onggok
powder. a-amylase and 3-amylase enzymes were purchased from Nano bio Laboratory. All reagents
including calcium chloride, phenol, sodium hydroxide, potassium sodium tartrate tetrahydrate,
hydrochloric acid, concentrated sulfuric acid, and glucose were obtained from Merck. While 3,5-
dinitrosalicylic acid (DNS) used in the DNS method was supported by Central Drug House Ltd.

2.2. Enzymatic Hydrolysis

Onggok was first characterized using FTIR and SEM before treatment. The starch slurry was
prepared by mixing onggok and 200 ppm calcium chloride solution until the onggok suspension
concentration was 10% (w/v). The onggok suspension was then sonicated for 15 minutes using a
Hielscher ultrasonic with 15 seconds on and 15 seconds off. The enzymatic hydrolysis reaction of
cassava waste was carried out as proposed by Sirohi et al. in 2021 [8]with modifications to enzyme
variations, hydrolysis time, and enzyme concentration. The onggok slurry is heated first until it
reaches a temperature of 80°C while stirring using a stirrer. The starch hydrolysis reaction from
cassava waste suspension was carried out in 3 different enzyme loads at pH 5. Duration of the
hydrolysis reaction carried out in time intervals of 1, 5, 10, and 15 minutes. The variations and
concentrations of enzymes were varied as attached in Table 1.

Table 1. Enzymes and enzyme concentrations are varied.

Formulation a-Amylase (%w/v) B-Amylase (%v/v)
1 0.1 0.05
2 0.1 0.1
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3 0.1 0.5

Meanwhile, for variations in substrate concentration, the cassava waste suspension was
dissolved with 200 ppm calcium chloride solution to a substrate concentration of 4%, 7%, 10%, and
13% (w/v). The addition of enzymes during hydrolysis used various types of a-amylase and [3-
amylase enzymes as well as the best time intervals which obtained DE values in the range of 2 to 10.
Next, enzyme inactivation was carried out by adding 0.1 N HCI to pH 3. The sample was then
neutralized with 0.1 N NaOH. The neutral hydrolysate was centrifuged at 6000 rpm for 10 minutes.
The supernatant obtained from centrifugation was vacuum pumped using Whatman 1 filter paper
and the filtrate was collected. The pure filtrate is then dried using a spray drying process at a
temperature of 120°C.

2.3. Dextrose Equivalent (DE)

Reducing sugars produced from starch hydrolysis by onggok were measured using the DNS
method. As a first step in testing the DE value of the sample, 2 mL of DNS reagent was added to all
tubes and shaken until homogeneous. The tube containing the DNS reagent was then heated in a
water bath at boiling temperature for 15 minutes. Next, a UV-Vis spectrophotometer measured the
absorbance at a maximum wavelength of 540 nm. The total sugar in the sample was determined using
the phenol-sulfate method. 1 mL each of 5% phenol solution and concentrated sulfuric acid were
added to the entire tube, then shaken until homogeneous. The tube was then left for 15 minutes and
then cooled in an ice bath for 20 minutes. Next, a UV-Vis spectrophotometer measured the
absorbance at a maximum wavelength of 490 nm. The dextrose equivalent (DE) value is calculated
using Equation 1 [14].

__ Reducing sugar

DE x100% (1)

Total sugar

2.4. NMR (Nuclear magnetic resonance)

Analysis using 1H NMR was carried out at the Integrated Laboratory and Research Center,
University of Indonesia. NMR testing was carried out using a Bruker Avance Neo Ascend 500
operating at a frequency of 500 MHz A deuterated sample was first made by dissolving 6% of the
pile hydrolysis sample in several deuterium oxide (D20) solvents which were then stirred until
homogeneous. Then, the sample solution is placed into the sample holder on the NMR instrument.
The 1H NMR spectra, recorded on 400 MHz AVANCE III NMR spectrometer (Brucker) [15].

2.5. SEM (Scanning electron microscopy)

Cassava waste raw materials and cassava waste hydrolyzed samples were subjected to SEM
testing using a Jeol JSM-IT200 at the National Research and Innovation Agency. Conductive carbon
tape was attached to the aluminum sample holder pin. 1 gram of sample powder was applied in a
thin layer onto the carbon label on the sample holder on the SEM instrument with a magnification of
100x, 200x, 500x, 1000x, and 2000x. The same procedure was also carried out for testing the pile
samples before hydrolysis [16].

2.6. STA (Simultaneous thermal analysis)

Cassava waste hydrolysis samples were characterized using STA for TG/DTA analysis with a
Hitachi STA7300 at the Bandung Institute of Technology. As a first step in STA analysis, 2 milligrams
of pile hydrolysis sample were added to the aluminum sample holder on the TG/DTA instrument.
This measurement process is carried out using inert gas N2 with temperature measurements from
30°C to 350°C, and a heating rate of 100C/minute [17].

3. Results.
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3.1. Enzymatic hydrolysis of cassava waste using a-amylase enzyme

In the slurry preparation process, cassava waste is dissolved in 200 ppm calcium chloride
solution to increase the thermal resistance of the enzyme, thereby avoiding denaturation and
increasing the enzyme stability [18]. Before adding enzymes, the slurry is heated until the
temperature reaches 80°C, because the starch will swell at this temperature. This stage is known as
gelatinization, an irreversible process in which heated starch and water can produce disruption in
the starch granular swelling, and crystallite melting, loss of birefringence causing the increasing
viscosity and solubility and formation of a paste [19] [20]. The gelatinization stage is very important
to increase the amorphous area of amylopectin and make it easier for enzymes to access the starch
during hydrolysis [21].

The purpose of adding the a-amylase enzyme to the slurry is to compare the DE value where
the hydrolysis process is only catalyzed using a-amylase with hydrolysis using a mixture with (-
amylase enzyme. The process of adding the enzyme a amylase to the very thick cassava waste paste
is called the liquefaction process. This process will cause the cassava waste paste to become dispersed
[22]. The o amylase enzyme used to hydrolyze starch has an active site that is very specific to 1-4
glycosidic bonds in the conversion of starch so that starch can be catalyzed to produce reducing
sugars as the product [23]. The a-amylase enzyme cuts long carbohydrate chains that are only specific
for a-1,4-glycosidic bonds at random positions, resulting in the production of maltodextrin,
maltotriose to maltose from amylose, as well as limiting dextrin from amylopectin [24]. A comparison
graph of DE values from hydrolysis of cassava waste using 0.1% a-amylase enzyme at time intervals
of 1, 5, 10, and 15 minutes can be seen in Figure 1. Based on the trend in the graph, the longer the
hydrolysis time, the DE value will increase. This can be explained by the hydrolysis theory, that the
longer of hydrolysis time, the more enzymes will attach to the more substrate to form a substrate
enzyme complex so that a product is obtained.

Dextrose equivalent is a measure of the quality of the starch hydrolysis product which states the
ratio of the amount of reducing sugar to its dry weight. Dextrose equivalent (DE) is a quantity stating
the total value of starch reduction sugar or a starch-modified product in percent units. If the price of
DE is high then the price of hygroscopicity, plasticity, sweetness, and solubility is also high, starch
will easily undergo the browning process [25].

Dextrose Equivalent (%)
o

Time (minutes)
Figure 1. Effect of 0.1% a-amylase enzyme hydrolysis time on DE value.

Dextrose Equivalents were 2.3, 6.02, 9.8, and 10.5 DE, respectively at 1, 5, 10, and 15 minutes of
hydrolyzed time results show a knowing increase with respect to time. Dextrose Equivalent (DE)
values 2 — 10, with bulk density 1.3-14 g/cm3, and crystalline powder can be applied for
pharmaceutical purposes [26].
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3.2. Effect of Different Concentrations of a-Amylase and p-Amylase Enzymes from Cassava Waste
Hydrolysis

The enzymatic hydrolysis process of cassava waste is also carried out using varying
concentrations and types of enzymes a-amylase and p-amylase, at different time intervals. The {3-
amylase itself has an optimum temperature of 750C, but this increases to 80oC if there is the addition
of Ca2+ metal ions to the calcium chloride solvent [27] [28]. The 3-amylase has similarities to a-
amylase, cutting a-1,4-glycosidic bonds, but the cutting process is very slow and only cuts two
glucose groups per cut [29]. B-amylase is an exoenzyme that cuts only the outer part of amylose or
amylopectin starting from the non-reducing group.

Figure 2. is a comparison of the DE values of cassava waste hydrolysis using various types of
enzymes a-amylase 0.1% and (3-amylase 0.05%, 0.1%, and 0.5% at time intervals of 1, 5, 10, and 15
minutes. Based on the trend on the graph, the higher the concentration and the longer the hydrolysis
time, the DE value will increase. In this study, the concentration of the a-amylase was kept constant,
while the concentration of the 3-amylase was varied. DE value data from hydrolysis using the a-
amylase enzyme has been attached previously (Figure 1.) to compare the DE value data with the
addition of the -amylase enzyme. Based on the results, the higher the concentration of the (3-amylase
enzyme, the DE value will increase due to an increase in the reaction rate. This can happen because
the greater the enzymes that collide with the substrate, the more enzyme-substrate complexes are
formed to obtain products in the form of reducing sugars [30].

—m— a-amylase 0.1% B-amylase 0.05%
®  g-amylase 0.1% B-amylase 0.1%
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Figure 2. The effect of hydrolysis time and concentration of the 3-amylase enzyme in the mixture of
a-amylase and -amylase enzymes on the DE value.

Although there are five points at which maltodextrin products can be formed in this research,
the target DE value to be achieved is in the range from 2 to 10 for applications in the pharmaceutical
field. According to research conducted by Anwar et al. (2004) regarding the use of maltodextrin as
an excipient in tablet dosage formulas, maltodextrin with a DE value of 1 to 5 can be used as a tablet
binder via wet granulation with a concentration of 2-5%, as well as a tablet binder and tablet filler via
direct compression with a concentration of 30-35% [31]. Maltodextrin which can be used as a tablet

excipient is obtained from DE 2.5 and 5.7 respectively, with a hydrolysis time of 1 minute using -
amylase 0.05 and 0.1% respectively.

3.3. Morphology of Maltodextrin by Scanning electron microscopy
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Changes in the structure of cassava waste hydrolysis products with DE 2.5 (A) and 5.7 (B) can
be seen in Figure 3. Onggok hydrolysis products with DE values of 2.5 and 5.7 were obtained from
variations in the mixture of a-amylase enzyme 0.1 % and p-amylase 0.1% during a 1-minute time
interval. On the left is the surface structure of the DE 2.5 pile hydrolysis product at 2000 times
magnification (Figure 3. A). The structure of the DE 2.5 hydrolysis product appears deformed and
there are concave parts as marked by the red circles in the image. SEM image obtained from the
research is similar to the SEM illustration reported by Ma et al. in 2022 which is a gelatinized starch
structure. According to research conducted by Ma et al. (2022), the morphology of starch which has
many depressions is caused by the gelatinization process which involves the penetration of water
into the starch granules so that the starch experiences swelling. However, water does not penetrate
the starch core and only the outer part is hydrated. When spray drying is carried out at high
temperatures, the water will evaporate very quickly and create wrinkles and depressions in the starch
granule structure [32]. The DE 2.5 starch hydrolysis product is obtained by hydrolysis using a very
small enzyme concentration over a short period so that its structure is almost identical to starch that
is not treated using enzymes.

Figure 3. Surface of hydrolysis products DE 2.5 (A) and DE 5.7 (B) via SEM.

Meanwhile, for the structure of the DE 5.7 hydrolysis product Figure 3B), there are small scrapes
and holes as marked by the arrow. These abrasions and holes are caused by enzyme attacks. It can be
seen that the structure of the DE 5.7 hydrolysis product contains holes marked by arrows. Abrasion
or scratches caused by (-amylase are also visible in the structure of the DE 5.7 hydrolysis product
which is marked by the arrow.

3.4. Chemical Structure of Maltodextrin by Nuclear Magnetic Resonance (1IH-NMR and 13C-NMR)

Figure 4. shows the 1H NMR spectrum of the DE 5.7 of hydrolysis product obtained from the
hydrolysis of Onggok using a combination of a-amylase and [3-amylase enzymes. When viewed from
the spectrum, the main chain in maltodextrin, namely the a-1,4- glycosidic and «-1,6-glycosidic
bonds, can be validated by the presence of a signal around 5.0 — 5.25 ppm [33]. The doublet signal at
5.25 ppm belongs to the proton on the a anomeric carbon which is labeled with number 1. This carbon
represents the a-1,4- glycosidic bond found in the hydrolysis product of the DE 5.7 pile.

Meanwhile, the doublet signal at 5.06 ppm belongs to the proton on the o anomeric carbon which
is labeled with the number 1'. Proton signal number 1' has an anomeric carbon which represents an
a 1,6-glycosidic branch bond at the terminal position [34]. Based on this spectrum, the DE 5.7 onggok
hydrolysis product obtained from the research has a branched structure due to the high amylopectin
content in the onggok so a signal at 5.06 ppm appears. Then a doublet signal appears at around 4.50
ppm in the spectrum which indicates the presence of protons with the anomeric 3 carbon in the axial
position [34]. Anomeric 3 carbon can be caused by the emergence of reducing sugar in the form of
maltose due to the breakdown of starch using the enzyme (3-amylase [35].

doi:10.20944/preprints202312.2045.v1
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Figure 4. 1H NMR spectroscopy of Maltodextrin with DE 5.7 DE.

Maltodextrin contains glucose primarily linked by a-1.4 with a small number of differently
branched a- or -glucose [15]. According to a previous study, the peaks for seven protons of the
anhydrous glucose unit (AGU) of maltodextrin were specified [36]. They were obtained between 3.10
and 5.30 ppm, excluding the residual solvent peak (4.79 ppm) (Fig. 4). Then, the signals for enzymes
hydrolyzed were recognized according to previous studies [37].

Figure 5. shows the ¥C-NMR of maltodextrin hydrolysis product with DE 5.7. From this figure
can be seen that C-NMR spectra of maltodextrin DE 5.7 showed that ignoring the small peaks that
appear in some peaks, the spectrum of all samples is resolved into seven different signals. The
samples are into ten signals such as previous research on maltodextrin from HMDB [38].

OH

i &
4 ‘\\x\

(b)

HO r
OH C-6
& | C2+C-3+C-5
C-4
100 % % 8 8 75 70 e ppm
Figure 5. *C-NMR spectroscopy of Maltodextrin with DE 5.7.
Table 2. ®*C-NMR prediction from HMDB.
Cluster No. Couplin Atom
Row No. ping No. C’s Peak

Midpoint Peaks Type No.
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Centers

(ppm)
1 100,43 1 S 1 8 100,43
2 95,30 1 s 1 12 95,30
3 79,43 1 S 1 7 79,43
4 77,04 1 S 1 3 77,04
5 76,28 1 S 1 20 76,28
6 74,33 1 S 1 16 74,33
7 74,07 1 s 1 8 74,07
8 74,00 1 S 1 14 74,00
9 73,40 1 S 1 18 73,40
10 70,60 1 S 1 22 70,60
11 62,45 1 s 1 2 62,45
12 61,10 1 S 1 9 61,10

3.5. Gelatinization and Retrogradation of Maltodextrin by Simultaneous Thermal Analysis

Samples of DE 2.5 (A) and 5.7 (B) hydrolysis products were characterized using STA as seen in
Figure 6. and Figure 7. In DE 2.5 and 5.7 hydrolysis products, the TGA thermogram for both samples
shows the three stages of weight loss (%), the analysis shows that there is the initial peak of weight
loss at 77.4 and 78.9°C attributed to water vapor. At this temperature, the samples lost about 2-8%
of their mass of water. In the second stage, the rate of weight loss is almost constant. This temperature
can be attributed to the thermal stability of maltodextrin occurs at 77-200°C, this can be explained
in Figure 6. It can be seen that under this condition there is no decrease in the sample weight [39].
Above 206 °C and 214 °C, the weight loss rate decreases exponentially. Maltodextrin DE 5.7 showed
a slightly more rapid decomposition than DE 2.5. At this stage, the TG curve (red) also experienced
a slight decrease caused by a reduction in sample weight due to the evaporation of absorbed water
vapor or volatile components in the sample. After that, the DE 2.5 and 5.7 hydrolysis products began
to experience an increase in the DTA curve from around 50 °C to 180 °C and the sample weight was
relatively constant when viewed from the TG curve. This indicates that product crystallization has
begun [40].

Furthermore, the melting of the DE 2.5 and 5.7 hydrolysis products was seen in the DTA curve
at around 220 °C which was almost identical to the melting point of commercial maltodextrin of 240
°C without any changes in the TG curve. However, it appears that the DTG curve (red) at DE 5.7 has
two peaks at around 240 °C and 280 °C and is also followed by a peak on the DTA curve which
indicates that the product underwent an exothermic reaction. Then an amorphous area was formed
[41]. In addition, the DTG curve represents the time derivative of the reduction in sample mass with
temperature. Thus, the hydrolysis product DE 2.5 experienced a faster mass decrease than DE 5.7 due
to the higher peak of the DTG curve. After melting is complete, the TG curve experiences a sharp
decline followed by a peak in the DTG curve which indicates that the sample begins to decompose at
temperatures above 350 °C

doi:10.20944/preprints202312.2045.v1
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Figure 6. TGA curve of product Weight loss with DE 2.5 and DE 5.7.

After melting is complete, the TG curve experiences a sharp decline followed by a peak in the
DTG curve which indicates that the sample begins to decompose. This information was important
for setting the decomposition temperature range at which the maltodextrin can be heated to avoid

chemical changes in the product [42].

167.5°C 224.6°C

6

DTA (uV)

~DE25
-44 7 -~ DES57

30.6°C 36.7°C

) I I 1 1 I !
0 50 100 150 200 250 300 350 400

Temperature (°C)

Figure 7. DTAThermogram of. Maltodextrin DE 2.5 and DE 5.7.

The gelatinization property of starches is a very important factor in the food industry.
Differential scanning calorimetry (DSC) is a great technique to study the effect of change on the
thermal behavior, gelatinization, and retrogradation of starch granules. All through gelatinization,
DSC instruments the degree of disruption of hydrogen bonds within the starch granules and
quantifies the heat energy that is represented by enthalpy [43] [20]. DSC thermogram of
Maltodextrin DE 2.5 and DE 5.7 showed a single large endothermic DSC peak (Figure 8.). in the first
run heating from 27 to 350°C, indicating the disintegration of maltodextrin and reduction sugar
structure [44]. The gelatinization temperature of maltodextrin under the endothermic DSC peak was
about 47 — 71°C implying the temperature required to disrupt the cluster of amylopectin [45]. The
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onset temperature (To), peak temperature (Tp), and conclusion temperatures (Tc) of all examined
ranged from 28,17+0,2t067,07+0,2°Cand 28,05+ 0,2to74,8+ 0,1 °C, respectively. Maltodextrin
consists of crystalline and amorphous regions. Gelatinization is a process in which the crystalline
section in the starch granules is changed into an amorphous section. To investigate the extent of
retrogradation in this study, the reheating DSC endothermic peak was used to estimate the
disintegration of the ordered structure during the retrogradation [44]. To determine the glass
transition (Tg) of maltodextrin can be measured by DSC as a function of moisture content [46].

—DE 2.5 —DE 5.7

Endotermic Heat Flow

N
~
(2]

100 125 150 175 200 225 250 275 300 325 350

30.18

29.02

Temperature, C

Figure 8. DSC Thermograms of Maltodextrin DE 2.5 and 5.7.

Based on the reference, increasing the DE-Value at a dry matter content will decrease a glass
transition temperature (Tg). The glass transition of amorphous biopolymers greatly reduces the
function of water content and decreases with decreasing molecular weight. Relationships that are
often used to correlate water absorption and glass transition data is the Gordon-Taylor equation [47].

3.6. Effect of different substrate concentrations on DE values

Aspects that influence the hydrolysis process include starch and acid concentration, enzyme
activity, and hydrolysis time. High DE maltodextrin is generally brown, hygroscopic, sweet, and
soluble in water while maltodextrin with low DE is used as viscosity control, binder, or as material
for film coating [28]. Maltodextrin with the same DE value has varying impacts on their hygroscopy,
fermentability, viscosity, sweetness, stability, solubility, and bioavailability [24]. In a recent study,
Chereji et al. reported that a-amylase with a content of 0,1 — 0,15% ensures the best quality for the
flour mixture, regarding the maltodextrin properties [48]. Juszczak et al. found that maltodextrin with
different DE values showed different influences on the rheological properties [49]. Maltodextrin with
a DE value of 18,2 affects the sticky characteristics, flow behaviour, and viscoelasticity of starch [50].

The effect of substrate concentration on hydrolyzed starch was studied by varying the substrate
(onggok) content as shown in Figure 9. The onggok levels used are 4%, 7%, 10%, and 13%. The best
composition of a-amylase and [3-amylase enzyme concentrations used to study the effect of substrate
concentration is a concentration of 0.1% oa-amylase enzyme and 0.1% [(-amylase enzyme
concentration at a time interval of 1 minute. However, maltodextrin with an onggok content of 4%
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has a higher DE value than levels of 7%, 10%, and 13%. During the gelatinization process, the onggok
suspension with a content of 13% showed a higher viscosity, making the sample difficult to stir.

Meanwhile, 4% onggok content shows a lower viscosity than levels of 7%, 10%, and 13% so the
sample is more easily stirred during the gelatinization process. This difference in viscosity may be
responsible for the low DE value at 13% because stirring the sample becomes more difficult.
However, after adding enzymes, the viscosity decreases and the mixing process becomes easier.
Thus, low substrate concentrations are preferred in the biomass conversion process. This aims to
ensure that the biomass is perfectly wet, easily accessible to enzymes, and to avoid inhibitory effects
from hydrolysis products [51] [52]. The effect of substrate concentration on the DE value in the
hydrolysis of onggok can be seen in Figure 9. Hydrolysis results show that an increasing Onggok
concentration in the range of 4-13% reduces the DE-value in the range of 2.5-9.7, it can be concluded
that this concentration range produces the DE-range that meets the qualifications for medicine
coating application [53].

The melting point of maltodextrin is 190.1°C. the difference in melting point is caused by
differences in temperature variance in the Dextrose Equivalent (DE) as a dextrin product was not a
pure excipient to serve pharmaceutical [28].

10

Dextrose Equivalent (%)

6 8 10 12 14
Substrate concentration (%)

N4

Figure 9. The effect of substrate concentration on the DE value in hydrolysis of piles using the
enzymes a-amylase 0.1% and p-amylase 0.1% for 1 minute.

4. Conclusions

In this study, onggok was hydrolyzed using a combination of a-amylase and [-amylase
enzymes. The concentration of a-amylase and -amylase enzymes affects the DE value. The DE value
will increase as the concentration of the enzymes a amylase and $-amylase increases. The hydrolysis
time also affects the DE value. The longer the hydrolysis time using a mixture of a-amylase and f3-
amylase enzymes, the DE value will increase. However, higher substrate concentration can reduce
the DE value in cassava hydrolysis using a mixture of a-amylase and [3-amylase enzymes. DE value
in the range 2,5-5,7 is suitable for use as a drug coating.
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