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Abstract

Banggai yam (Dioscorea alata L.) is an underutilized indigenous tuber with potential as an alternative starch source for liquid-sugar
production. This study compared the physicochemical characteristics of Banggai yam starch hydrolysates produced by enzymatic
and acid hydrolysis under three processing conditions (P1-P3). Reducing sugar content, total soluble solids (TSS), moisture content,
and final pH were evaluated. Acid hydrolysis produced higher average reducing sugar content (10.72%) and TSS (12.50 °Brix) than
enzymatic hydrolysis (5.18% and 6.33 °Brix, respectively). Among all treatments, acid hydrolysis under P3 conditions yielded the
highest reducing sugar content (12.39%) and TSS (14.50 °Brix), together with the lowest moisture content (80.14%) and a final pH
of 4.60. These results demonstrate that acid hydrolysis achieved higher concentrations of reducing sugars and soluble solids than
the tested enzymatic process. However, the high moisture content of all hydrolysates indicates that further concentration is necessary
before they can meet the total-solids criterion for commercial starch hydrolysate. The findings highlight the potential of Banggai

yam starch as a feedstock for liquid-sugar production while emphasizing the need for further process optimization.

Keywords

acid hydrolysis; Banggai yam; enzymatic hydrolysis; reducing sugars; starch hydrolysate

Introduction

Starch-derived starch hydrolysates are multifunctional
carbohydrate ingredients used in food, fermentation,
pharmaceutical, and other bioprocessing applications be-
cause their sweetness, viscosity, water-binding capacity,
fermentability, and crystallization behavior can be ad-
justed through the extent of starch depolymerization
(1,2). Commercial production has traditionally relied on
a limited group of well-established starch crops, particu-
larly maize (3,4), wheat, rice, cassava, and potato (5,6,7).
This concentration of raw-material supply has stimulated
interest in non-conventional starch sources that could
broaden industrial feedstock options, create value from
locally underutilized crops, and support more geograph-
ically diversified carbohydrate-processing chains (8).
However, the suitability of an alternative starch cannot be
inferred from starch content alone, because botanical
origin, molecular organization, granule morphology, am-
ylose-to-amylopectin ratio, gelatinization behavior, and

process conditions collectively determine hydrolysis per-
formance and final syrup quality.

Although acid and enzymatic hydrolysis of Dioscorea
alata L starch have been investigated previously, availa-
ble studies do not establish whether reported hydrolysis
responses are directly transferable to Banggai yam, an in-
digenous D. alata resource from the Banggai Islands of
Central Sulawesi, Indonesia. This distinction is relevant
because starch origin and structural characteristics, in-
cluding amylose content and gelatinization behavior, can
influence enzyme accessibility and hydrolysis efficiency.
Therefore, the present study does not aim to establish the
acid-versus-enzymatic comparison as a new concept. In-
stead, it provides a comparative physicochemical assess-
ment of Banggai yam starch hydrolysates produced under
defined acid and enzymatic processing conditions, using
reducing sugars, total soluble solids, moisture/dry solids,
and final pH as complementary indicators of hydrolysis
performance. The study further identifies the relative re-
sponse of the tested enzymatic conditions and the treat-


mailto:idhon86chaniago@gmail.com

ment condition producing the highest soluble-sugar re-
sponse, thereby providing a basis for subsequent optimi-
zation of enzymatic conversion of Banggai yam starch.
The crop is particularly relevant for starch-based product
development because isolated starch from three Banggai
yam varieties contained approximately 88.00-88.89%
starch. Notably, the reported amylose content was high
(60.29-62.88%), while the pasting temperature ranged
from 80.10 to 80.35 °C (9); the starch granules were pre-
dominantly ellipsoidal, polyhedral, and triangular (10).
Earlier characterization of Indonesian D. alata cultivars
likewise demonstrated substantial variation in granule
size (11), and functional properties among cultivars
(12,13). These characteristics indicate that Banggai yam
starch is not merely an interchangeable substitute for con-
ventional cereal or root starches (14,15,16). Its high am-
ylose content and relatively high pasting temperature are
expected to influence water penetration, gelatinization re-
quirements, paste rheology, and accessibility of glyco-
sidic linkages to chemical or enzymatic catalysts
(17,18,19).

Conversion of starch into liquid-sugar hydrolysates re-
quires cleavage of the alpha-1,4 and, depending on the
desired product profile, alpha-1,6 glycosidic linkages that
organize amylose and amylopectin (20). Two major tech-
nological routes are acid hydrolysis (21) and enzymatic
hydrolysis (22,23). Acid hydrolysis promotes relatively
non-selective depolymerization under acidic and thermal
conditions and can provide rapid solubilization, but the
reaction must be carefully controlled to limit excessive
sugar degradation, color development, and the need for
downstream neutralization (24,25). Enzymatic pro-
cessing is generally conducted through liquefaction with
alpha-amylase followed by saccharification with glu-
coamylase or related amylolytic enzymes, thereby allow-
ing more selective control of molecular-size distribution
under comparatively mild conditions (26,27,28). Never-
theless, enzyme performance is highly sensitive to gelat-
inization efficiency, pH, temperature, enzyme activity,
enzyme-to-substrate ratio, reaction time, solids loading,
and mass-transfer limitations (8,29). Comparative work
on Dioscorea spp. has confirmed that both acid and enzy-
matic routes can release fermentable sugars, although
their relative effectiveness varies with catalyst conditions
and pretreatment strategy (30).

The intrinsic structure of yam starch makes this compari-
son particularly important. Enzymatic hydrolysis of D.
alata starch has been demonstrated in studies using con-
ventional and intensified processing schemes (29,31).
Sugar syrups prepared from D. alata starch or flour with
exogenous amylases exhibited measurable dextrose
equivalent, moisture content, pH, viscosity, and individ-
ual sugar profiles, confirming that yam starch can serve
as a substrate for syrup manufacture (32). More recently,
consecutive enzymatic hydrolysis of starch recovered
from purple-yam processing residues achieved high

starch conversion when liquefaction and saccharification
were performed under enzyme-specific conditions, while
the authors also showed that substrate concentration
strongly affected process economics (29). These findings
demonstrate the technical feasibility of D. alata valoriza-
tion, but they also emphasize that conversion data ob-
tained for one cultivar, starch preparation method, or pro-
cessing sequence cannot be transferred directly to Bang-
gai yam without experimental verification (33,34).
Accordingly, this study compared enzymatic and acid hy-
drolysis for producing liquid-sugar hydrolysates from
Banggai yam starch under three processing conditions for
each route (P1-P3). The resulting hydrolysates were char-
acterized in terms of reducing-sugar content, pH, total
soluble solids, and moisture content. This study aims to
analyze the reducing sugar content, total soluble solids ,
moisture content, and pH hydrolysate of Banggai yam
and compare the effectiveness of enzymatic hydrolysis
and acid hydrolysis in converting starch into simple
sugar.

Materials and methods

The ingredients used in the manufacture of liquid glucose
are Banggai yam Starch, Water, Enzymes a Amylase, and
glucoamylase Enzymes. The materials used for the anal-
ysis of chemical parameters are distilled water,
(NH4)2HPO4 10%, Pb-acetate 5%, concentrated
H2S04, HCI 0.1 N, NaOH 30%, Luff Schrool, KI 20%,
Na2S8203, and amylum. A comparative laboratory exper-
iment was conducted to evaluate the physicochemical
characteristics of liquid sugar produced from Banggai
yam (Dioscorea alata L.) starch by enzymatic and acid
hydrolysis. The experiment comprised two hydrolysis
routes, each with three treatment conditions designated
P1, P2, and P3. Three starch-loading conditions were
evaluated in the enzymatic hydrolysis process. P1 con-
sisted of 1000 g Banggai yam starch mixed with 1000 mL
water, P2 consisted of 500 g starch mixed with 1,000 mL
water, and P3 consisted of 300 g starch mixed with 1,000
mL water. Each treatment received 1 g a-amylase during
the liquefaction stage and 1 g glucoamylase during the
subsequent saccharification stage. The same hydrolysis
sequence and enzyme treatment conditions were applied
to P1, P2, and P3.

Making Banggai Yam Starch

Banggai yam starch is made using the method (15,35)
with slight modifications. Banggai yam are peeled,
washed, and sliced £10 mm thick, then mashed using a
blender. The Banggai yam porridge is soaked in water for
3 days with water replacement every 24 hours, followed
by the precipitation and separation of the starch. The sed-
iment is dried in the sun for 3 days, ground, then sifted




using an 80 mesh sieve until Banggai yam starch is ob-
tained, Fig:1.

Figure 1: Banggai Yam Starch

Manufacture of Liquid Sugar by Enzymatic Hy-
drolysis

Enzymatic hydrolysis was conducted through gelatiniza-
tion, liquefaction, and saccharification. For the enzymatic
treatments, Banggai yam starch was mixed with water ac-
cording to the experimental treatment. The starch suspen-
sion was first gelatinized by heating to facilitate starch
granule disruption and increase the accessibility of starch
polymers to the hydrolytic enzymes. After gelatinization,
a-amylase was added to initiate the liquefaction step. In
the experimental formulation, 1 g of a-amylase was used
for each treatment.

Following liquefaction, glucoamylase was added to con-
vert the partially hydrolyzed starch and dextrins into
smaller sugars, particularly glucose, during the sacchari-
fication stage. Saccharification was conducted at 60 °C
for 24 h. The enzymatic treatments consisted of different
starch loadings with a constant water volume and enzyme
quantities. After completion of saccharification, the hy-
drolysate was heated and filtered to separate residual in-
soluble material. The resulting liquid hydrolysate was
subsequently reheated before physicochemical analysis.
The reducing sugar content, total soluble solids (TSS),
moisture content, and final pH were then determined ac-
cording to the analytical procedures described below.

Manufacture of Liquid Sugar by Acid Hydrolysis

Acid hydrolysis was performed using hydrochloric acid
(HCI) as the hydrolyzing agent. Briefly, Banggai yam
starch (100 g for A-P1, 50 g for A-P2, and 30 g for A-P3)
was suspended in 500 mL of distilled water and stirred
until a homogeneous suspension was obtained. The sus-
pension was heated with continuous stirring at approxi-
mately 70—-80 °C until gelatinization occurred. After ge-
latinization, 0.05 N HCI was added according to the ex-
perimental treatment, and the mixture was maintained at
99 °C for 8 h with periodic stirring to promote hydrolytic

cleavage of starch glycosidic linkages. The acidity of the
hydrolysis medium was determined by the HCI concen-
tration used (0.05 N); the pH of the reaction mixture im-
mediately after HCl addition was not measured in the
original experiment. Therefore, no initial reaction pH
value was estimated or retrospectively assigned.

After hydrolysis, the mixture was cooled to room temper-
ature and gradually neutralized with 0.1 N NaOH to a fi-
nal pH of 4.5-5.5. The neutralized hydrolysate was fil-
tered through Whatman No. 1 filter paper to remove re-
sidual insoluble material. The filtrate was subsequently
concentrated in a water bath at approximately 70—80 °C
to obtain the liquid-sugar hydrolysate, Fig:2. For physi-
cochemical analysis, the final pH was measured at ap-
proximately 25 °C using a digital pH meter calibrated
with standard buffer solutions at pH 4.00 and 7.00.

S
Figure 2: Banggai Yam Starch Liquid Sugar

Physicochemical Analysis

Reducing Sugar Levels Analysis

The reducing sugar content of the hydrolysates was deter-
mined using the Luff-Schoorl method according to SNI
3547.2-2008. The analysis was performed to determine
the amount of reducing sugars formed during the hydrol-
ysis of Banggai yam starch. The results were expressed as
percentage (%) of reducing sugar (36).

pH Analysis

After completion of the acid hydrolysis treatment, the hy-
drolysate was allowed to cool and was gradually neutral-
ized with 0.1 N NaOH until a final pH of 4.5-5.5 was
obtained. The final pH was then measured at approxi-
mately 25 °C using a calibrated digital pH meter, with
calibration performed using standard buffer solutions at
pH 4 and 7. Thus, the pH values reported for the acid-
hydrolyzed samples represent the final pH of the hydrol-
ysate after neutralization, rather than the pH of the reac-
tion medium during acid hydrolysis. The neutralized hy-
drolysate was subsequently filtered using Whatman No. 1
filter paper and concentrated at 70-80 °C before further
analysis (37).




Total soluble solids Testing

The total measurement of dissolved solids is carried out
using a hand refractometer. The appliance prism is first
washed with aqueducts, then dried using a fine cloth to
ensure that there are no residues that can affect the meas-
urement results. The sample is dripped on a prism, then
the total value of the dissolved solids is determined based
on the °Brix scale reading. Total soluble solids (TSS) of
the Banggai yam starch hydrolysates were measured us-
ing a hand refractometer. Before measurement, the refrac-
tometer prism was cleaned with distilled water and dried
using a clean, soft cloth to remove residual materials that
could interfere with the reading. A sufficient amount of
hydrolysate sample was then placed on the prism, and the
TSS value was read directly from the refractometer scale.
The results were expressed as degrees Brix (°Brix) (38).

Moisture Content Analysis

The moisture content of liquid sugar was analyzed using
the oven method based on AOAC. The porcelain cups are
dried in the oven at 105 £ 2°C for 1 hour, then cooled in
a desiccant and weighed until a constant weight is
obtained. A total of 2-5 g of liquid sugar samples
areweighed into a cup, then dried in the oven at 105 +2°C
for 3—4 hours or until they reach a constant weight. After
drying, the cups are cooled in a desiccant for £30 minutes,
then weighed again. The moisture content is calculated
based on the difference in weight before and after drying
and is expressed as a percent (%) (39). Based on the oven
method described in the manuscript, the moisture content
is calculated from the loss of mass of the sample after
drying to a constant weight at 105 + 2 °C.

The formula:

i W; — W, .
Moisture Content (%) — f{fi % 100

With: Wi = sample weight before drying (g); Wd = the
weight of the sample after drying to a constant weight
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Statistical Analysis

The data obtained from the analyses of reducing sugar
content, pH, total soluble solids (°Brix), and moisture
content were analyzed using one-way analysis of variance
(ANOVA) at a 95% confidence level (a = 0.05) to deter-
mine the effect of treatment on the physicochemical char-
acteristics of Banggai yam starch liquid-sugar hydroly-
sates. Before performing ANOVA, the data were evalu-
ated for normality and homogeneity of variances to en-
sure that the assumptions of the statistical model were sat-
isfied. When ANOVA indicated a significant treatment
effect (p < 0.05), mean comparisons were performed us-
ing Tukey’s Honestly Significant Difference (HSD) test

at the 5% significance level. Differences among treatment
means were considered statistically significant at p <
0.05.

Results

General Description of Hydrolysate Composition
The six Banggai yam starch hydrolysate showed wide
variation depending on the treatment in the reducing
sugar content, total soluble solids, moisture content, and
final pH (Table 1 and Table 2). In all three coded condi-
tions, acid hydrolysis yielded a higher descriptive mean
of reducing sugars (10.72%) and total soluble solids
(12.50 °Brix) than enzymatic hydrolysis (5.18% and 6.33
°Brix, respectively). Thus, the acid series produces ap-
proximately 2.07 times more reducing sugars and 1.97
times more dissolved solids based on the reported wet
product base. Acid-hydrolyzed samples were also less di-
luted, with an average moisture content of 82.82% com-
pared to 89.11% for the enzymatic series.

Table I. Physicochemical characteristics of Banggai
yam starch hydrolysates produced by enzymatic hydroly-
sis.

Analysis P1 P2 P3
Reducing
sugar 8.00+0.18 2.55+0.12¢ 5.00+£0.15°
(%0)
pH 3.50£0.05° 3.80+0.042 3.70 £ 0.032
OTS.S 9.00 £ 0.202 3.00+0.10° 7.00£0.15°
(°Brix)
Moisture
content 84.66+0.28  9450+0.222  88.17+£0.25°
(%)

Table 2. Physicochemical characteristics of Banggai
yam starch hydrolysates produced by acid hydrolysis.

Analysis P1 P2 P3
Reducing
sugar 11.22+0.17° 8.56 £0.14¢ 12.39+£0.192
(%)
pH 4.50 +0.03% 4.60 +0.032 4.60 £ 0.022
IS8 13.00£020°  10.00%£020°  14.50 % 0.200
(°Brix)
Moisture
content 83.52 £0.22P 84.79 + 0.242 80.14 + 0.24¢
(%0)




Reducing sugar formation and hydrolysis effi-
ciency

Reducing sugars increased in the order of E-P2 (2.55%)
< E-P3 (5.00%) < E-P1 (8.00%) < A-P2 (8.56%) < A-P1
(11.22%) < A-P3 (12.39%). The higher value of the wet-
based reducing sugars of the acid series indicates a wider
chain break under the tested conditions. Acid-catalyzed
hydrolysis is non-selective and can break the a-(1—4)
bonds in amylose as well as branch-related a-(1—6)
bonds in amylopectin. In contrast, enzymatic conversion
depends on the accessibility of gelatinized starches to
endo-active o-amylase during dilution and to exo-active
glucoamylase during saccharification. As a result, acid
hydrolysis can outperform enzymatic processes that are
not fully optimized even though well-designed industrial
enzymatic processes are generally more selective.

Incorporation between the reducing sugar and
the total soluble solids

The total soluble solids rating reflects the reducing sugar
rating. E-P2 had the lowest values for both variables (3
°Brix and 2.55%), while A-P3 had the highest values
(14.5 °Brix and 12.39%). In all six treatment-level obser-
vations, the exploratory linear association between °Brix
and reducing sugars was very strong (R? = 0.986) Fig:3.
This suitability makes chemical sense because the break-
down of insoluble or high-molecular weight starches re-
sults in smaller, water-soluble saccharides and dextrins
that simultaneously contribute to reductive power and re-
fractive index.

Association between soluble solids and reducing sugars
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The fit is descriptive only (n = 6 treatment-level observations; no replicate-level inference).
Figure 3: Total soluble solids from Banggai yam hydrol-
ysate.

Moisture content

The moisture content ranges from 80.14% to 94.50%. The
most diluted sample is E-P2 because it has the highest
moisture content, while A-P3 is the most concentrated be-
cause it has the lowest moisture content. These values in-

dicate that the product tested is a diluted starch hydroly-
sate and not a finished commercial starch hydrolysate.
Codex Alimentarius CXS 212-1999 defines starch hy-
drolysate as a pure and concentrated solution of saccha-
ride water obtained from starch or inulin, with a dextrose
equivalent of at least 20% by dry weight and a total solids
of at least 70% by mass. None of the samples came close
to the total concentration of the required solid, despite the
apparent reductive power.

pH interpretation

The final pH value is 3.5-3.8 for enzymatic starch hydrol-
ysate and 4.5-4.6 for acid starch hydrolysate. The seem-
ingly higher pH in products produced from acids is not
evidence that acid hydrolysis occurs at milder acidity.
This suggests that acid starch hydrolysate is neutralized
or partially neutralized prior to laboratory analysis,
whereas enzymatic starch hydrolysate may retain acidic
conditions used for saccharification or enzyme inactiva-
tion. Therefore, the final pH cannot reconstruct the cata-
lytic pH, mainly because the pH changes with tempera-
ture, buffer composition, neutralization, and cooling.

Discussion

The moisture content of the Banggai yam starch hydroly-
sates is closely associated with product dilution and the
concentration of soluble solids. The acid hydrolysis treat-
ment under P3 conditions exhibited the lowest moisture
content (80.14%), corresponding to a dry matter content
of 19.86%, and the highest reducing sugar content
(12.39%) and total soluble solids (14.50 °Brix). In com-
parison, the enzymatic starch hydrolysates showed an av-
erage moisture content of 89.11%, indicating a greater
proportion of water and a lower concentration of solids in
the product. These findings suggest that the higher mois-
ture content of the hydrolysates reflects greater product
dilution, which can reduce the concentration of sugars
and other solid constituents per unit mass of the liquid
product. From a nutritional perspective, this distinction is
important because a more dilute hydrolysate provides a
lower concentration of carbohydrate solids per unit mass,
whereas a more concentrated product may deliver more
carbohydrate solids in the same serving mass. Neverthe-
less, reducing sugar content and total soluble solids alone
do not provide a complete assessment of nutritive value,
as the study did not determine the concentrations of other
nutrients or the digestibility of the hydrolysates.

Banggai yam starch is reported to contain around 88.00-
88.89% starch, a high amylose fraction of 60.29-62.88%,
and a relatively high gelatinization temperature of 80.10-
80.35 °C (10.40). High amylose content, strong molecular
associations, and incomplete disruption of granule struc-
ture may limit enzyme adsorption and reduce the rate of
glucose release (41). Granular starch hydrolysis studies




have also shown that the expansion of amorphous regions
induced by the initial treatment increases enzyme adsorp-
tion and hydrolysis results (42). Therefore, low values on
E-P2 and E-P3 may reflect inadequate gelatinization, in-
sufficient dilution of a-amylase, suboptimal pH or tem-
perature, short saccharification time, low enzyme activ-
ity, product inhibition, or simple dilution. These alterna-
tives cannot be separated until a definite definition of P1-
P3 and a process record are reported.

The comparison between P2 and P3 indicates that a lower
moisture content does not necessarily correspond to a
higher starch concentration. Although P3 exhibited a
lower moisture content than P2, its starch concentration
was also lower. This apparent discrepancy may be ex-
plained by the distinction between water content and the
chemical composition of the dry matter. Moisture content
reflects the proportion of water in the hydrolysate,
whereas starch concentration represents the amount of
starch remaining after hydrolysis. Under more extensive
hydrolysis conditions, starch may be converted into
smaller carbohydrates, including dextrins and reducing
sugars. Consequently, the residual starch concentration
may decrease even when the moisture content is lower.
However, this explanation should be interpreted as a pos-
sible mechanism unless supported by direct measure-
ments of residual starch and carbohydrate composition.
Therefore, the results for P2 and P3 demonstrate that
moisture content alone is insufficient to predict starch
concentration or the extent of starch conversion.

In both hydrolysis pathways, P2 exhibited the lowest re-
ducing sugar and TSS values among the three treatment
conditions. In the enzymatic hydrolysis series, P2 pro-
duced 2.55% reducing sugars and 3.00 °Brix TSS,
whereas P1 and P3 produced 8.00% and 5.00% reducing
sugars and 9.00 and 7.00 °Brix TSS, respectively. A sim-
ilar pattern was observed in the acid hydrolysis series, in
which P2 produced 8.56% reducing sugars and 10.00
°Brix TSS, compared with 11.22% and 12.39% reducing
sugars and 13.00 and 14.50 °Brix TSS for P1 and P3, re-
spectively.

The P2 treatment also showed relatively high moisture
contents in both hydrolysis routes, namely 94.50% for en-
zymatic hydrolysis and 84.79% for acid hydrolysis. How-
ever, these observations alone cannot establish that the
lower reducing sugar and TSS values in P2 were caused
by a higher water-to-starch ratio, lower starch concentra-
tion, shorter reaction time, or other specific processing
factors. Such interpretations would require direct experi-
mental evidence and independent evaluation of the corre-
sponding process variables. Therefore, the P2 response is
interpreted conservatively as a treatment-dependent vari-
ation in hydrolysate composition. The lower reducing
sugar and TSS values indicate that less soluble reducing
compounds were present in the final hydrolysate under
the P2 conditions used in this study. The concurrent vari-

ation in moisture content further indicates that concentra-
tion effects may contribute to differences in the measured
composition; however, the present experimental design
does not permit the contribution of individual processing
factors to be distinguished. Further experiments using a
controlled factorial or response-surface design would be
required to determine the effects and interactions of starch
concentration, hydrolysis conditions, enzyme or acid con-
centration, temperature, and reaction time on starch con-
version.

ISO 2173 defines refractometric solute solids as the ap-
proximate conventional value when a solute other than
sucrose is present (43). In starch hydrolysate, the refrac-
tive index can indicate the presence of glucose, maltose,
maltotrioso, dissolved dextrins, organic acids, minerals,
and neutralizing salts (44). Therefore, the difference be-
tween the dry solids and °Brix in these samples likely rep-
resents insoluble components or weak refractometry, in-
cluding residual starches, suspended particles, proteins,
ashes, or non-sugar solutes.

The higher reducing-sugar content obtained by acid hy-
drolysis may be related to the cleavage of glycosidic link-
ages within the starch polymers. Starch consists primarily
of amylose and amylopectin. Amylose is predominantly
a linear polymer of glucose units linked by a-(1—4) gly-
cosidic bonds, whereas amylopectin contains o-(1—4)-
linked glucan chains with a-(1—6) glycosidic bonds at
branch points. Under acidic conditions, hydrolysis can
cleave glycosidic linkages in both starch components,
producing shorter-chain dextrins and oligosaccharides
and, with further hydrolysis, increasing the concentration
of reducing sugars. In amylopectin, this process may in-
volve cleavage of both a-(1—4) backbone linkages and
a-(1—6) branch-point linkages. Therefore, the higher re-
ducing-sugar values observed in the acid-hydrolyzed
samples indicate greater conversion of starch polymers
into soluble reducing carbohydrates under the conditions
applied in this study. However, the present results do not
allow the contribution of specific bond types or individual
starch components to be quantified separately.

High moisture content also indicates high water activity
unless there is a low molecular weight or sufficient pre-
servatives in the presence of sugars. Therefore, the cur-
rent hydrolysate should not be given a long shelf life
based solely on its acidic pH. Microbiological stability re-
quires water activity, total number of bacterial colonies,
amount of yeast and fungus, packaging integrity, thermal
processing conditions, and storage testing (45).

Studies of acid-catalyzed cassava starch have shown that
the pH of the reaction and the refrigerated product can
differ substantially, and that neutralization can result in
salts that remain in the syrup (46,47). The acidity of the
titration should be measured in conjunction with the pH
because two products with the same pH can have very
different acid loads and buffer capacities. Acid starch hy-




drolysate should also be analyzed for ash levels and rele-
vant ions, such as chloride, sulfate, nitrates, sodium, or
calcium, depending on the acid and neutralizing agent
used (48).

Although acid hydrolysis produced higher reducing sugar
content and total soluble solids than enzymatic hydrolysis
under the conditions investigated, these physicochemical
advantages alone do not establish its suitability for human
consumption. Acid hydrolysis may be considered a po-
tential approach for producing sugar-rich hydrolysates;
however, its application in food products requires careful
control of processing conditions and appropriate post-hy-
drolysis treatment. In particular, the acid must be ade-
quately neutralized or removed, and the final product
must be evaluated for residual acidity, relevant pro-
cessing by-products, and compliance with applicable
food-safety requirements. In the present study, the acid
starch hydrolysates exhibited a final pH of 4.54.6, but
this measurement alone does not demonstrate that the
products are safe for consumption. Furthermore, the hy-
drolysates retained relatively high moisture contents, in-
dicating that further processing would be necessary to ob-
tain a more concentrated product.

In the present starch hydrolysates, the soluble fraction
may also contain non-reducing and partially hydrolyzed
carbohydrates, particularly oligosaccharides and soluble
dextrins, as well as smaller amounts of organic acids,
minerals, and salts originating from the hydrolysis and
neutralization steps. The refractometric measurement
therefore represents an overall estimate of soluble/refrac-
tometrically active material rather than a direct measure-
ment of sugar concentration.

The strong linear relationship between total soluble solids
(TSS, °Brix) and reducing sugars observed in the present
study (R?=0.986) can be explained primarily by the pro-
gressive depolymerization of starch during hydrolysis. As
hydrolysis proceeds, the high-molecular-weight starch
polymers are converted into lower-molecular-weight, wa-
ter-soluble products, including reducing sugars and solu-
ble oligosaccharides/dextrins. Therefore, treatments that
promoted greater starch hydrolysis tended to simultane-
ously increase both the concentration of reducing sugars
and the amount of refractometrically detectable soluble
material.

Conclusions

Under the conditions investigated, acid hydrolysis pro-
duced higher reducing sugars and total soluble solids than
enzymatic hydrolysis of Banggai yam starch. The A-P3
treatment gave the highest reducing sugar content
(12.39%) and TSS (14.5 °Brix). However, all hydroly-
sates remained relatively dilute and were not comparable
to finished commercial starch hydrolysate based on total-
solids concentration. The lower response of enzymatic

hydrolysis indicates that further optimization of starch ac-
cessibility, enzyme dosage, pH, temperature, and hydrol-
ysis time is warranted.
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e P1, P2, P3: Processing / Treatment
Conditions 1, 2, and 3

e Pb-acetate: Lead(ll) Acetate

e pH: Potential of Hydrogen

e R2 Coefficient of Determination

e RS: Reducing Sugars

e SNI: Standar Nasional Indonesia (Indo-
nesian National Standard)

e spp.: Species (plural)

e TSS: Total Soluble Solids

e Wd: Sample Weight After Drying to
Constant Weight

e Wi: Sample Weight Before Drying (Ini-
tial Weight)

e °Brix: Degrees Brix (unit of refracto-
metric soluble solids)




Author Contributions

Ramadhani Chaniago: Conceptualization, Methodol-
ogy, Investigation, Writing — Original Draft, Writ-
ing — Review & Editing, and Project Administra-
tion.

Sultan Nasyirah Bisinda: Investigation, Data Cura-
tion, Formal Analysis, Validation, Visualization,
and Writing — Review & Editing.

Availability of Data and Materials

The datasets generated and analyzed during the current
study are available from the corresponding author upon
reasonable request. All laboratory data supporting the
findings of this study are included in the article.

Conflicts of Interest

The authors declare that they have no known financial
or non-financial competing interests that could have in-
fluenced the work reported in this study.

Al Declaration

The authors used ChatGPT, developed by OpenAl, to as-
sist with manuscript organization, language refinement,
drafting, and the preparation of data visualizations. The
generative Al tool was not used to generate or modify the
laboratory data. All Al-assisted content was critically re-
viewed, verified, and revised by the authors, who take full
responsibility for the accuracy, originality, interpretation,
and integrity of the final manuscript.

ORCID’s
Ramadhani Chaniago : 0000-0002-4535-7498

Sultan Nasyirah Bisinda: 0009-0009-1937-3142

Funding

No external funding was received for this research.

Acknowledgments

The authors gratefully acknowledge the laboratory per-
sonnel and all parties who provided technical assistance,
facilities, and support during the preparation and physi-
cochemical analysis of Banggai yam starch hydrolysates.

References

1.

2.

Fatourehchi F, Farrokhi F, Eyvazzadeh O, Bahadori
A, Yaghoubi ASA. Production of Starch
hydrolysate through Enzymatic Hydrolysis of Flint
and Floury Corn Flour Mixtures and Evaluating its
Properties as Cost-Effective Syrup. J Food Sci
Technol [Internet]. 2022;19(129):23-39. Available
from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85148429170&d0i=10.22034%2FFSCT.19.129.23
&partner] D=40&md5=21fbcal 1576a4caf59d7bcde
e42c9c2c

Hull P. Starch hydrolysates - 200 years on. Food Sci
Technol [Internet]. 2011;25(3):22—4. Available
from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-

80055097287 &partnerID=40&md5=a5Seabb28142¢
5532ecf5196391c623ef

Kumar Y, Shikha D, Guzman-Ortiz FA, Sharanagat
VS, Kumar K, Saxena DC. Starch: Current
Production and Consumption Trends. In: Starch:
Advances in Modifications, Technologies and
Applications [Internet]. Department of Food
Engineering and Technology, Sant Longowal
Institute of Engineering and Technology, Punjab,
India: Springer International Publishing; 2023. p. 1—
10. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85195565673&d0i=10.1007%2F978-3-031-
35843-

2 1&partner]D=40&md5=368252585f3816ebaf5fe
fac92fc6d51

Zhang R, Ma S, Li L, Zhang M, Tian S, Wang D, et
al. Comprehensive utilization of corn starch
processing by-products: A review. Grain Oil Sci
Technol [Internet]. 2021;4(3):89-107. Available
from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85121689759&doi=10.1016%2Fj.gaost.2021.08.00
3&partner]D=40&md5=7448afc75d0674aa50f5d4
c72c10a2lb

Imam SH, Wood DF, Abdelwahab MA, Chiou B-S,
Williams TG, Glenn GM, et al. Starch: Chemistry,
microstructure,  processing, and enzymatic
degradation. In: Starch-Based Polymeric Materials
and Nanocomposites: Chemistry, Processing, and
Applications [Internet]. Bioproduct Chemistry and
Engineering Research, Western Regional Research
Center, Agricultural Research Service, United
States Department of Agriculture, Albany, CA,
United States: CRC Press; 2012. p. 5-32. Available




10.

11.

12.

13.

from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85020928820&d0i=10.1201%2Fb11848&partnerl
D=40&md5=44b25fab217168aac0ad5672622f439
5

Rashwan AK, Younis HA, Abdelshafy AM, Osman
Al, Eletmany MR, Hafouda MA, et al. Plant starch
extraction, modification, and green applications: a
review.  Environ Chem  Lett [Internet].
2024;22(5):2483-530. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85195832138&d0i=10.1007%2Fs10311-024-
01753-
z&partnerID=40&md5=f7de653cc4c2139c3el314
df4102c0d6

Agama-Acevedo E, Flores-Silva PC, Bello-Perez
LA. Cereal starch production for food applications.
In: Starches for Food Application: Chemical,
Technological and Health Properties [Internet].
Centro de Desarrollo de Productos Bidticos del
Instituto Politécnico Nacional, Yautepec, Mexico:
Elsevier; 2018. p. 71-102. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85081909672&d0i=10.1016%2FB978-0-12-
809440-2.00003-
4&partnerID=40&md5=3ce2fe7316£179719393e3f
1144a7al6

Borges LA, Ramos KK, Felisberto MHF, Efraim P.
Towards enzymatic conversion of non-conventional
starchy materials for glucose syrup production: A
review. Food Res Int. 2025 Oct;218:116907.

If’all, Hasanuddin A, Rahim A, Kadir S.
Characteristics of acetylated Banggai yam starch on
pH and concentration of anhydride acetic. Int J Adv
Sci Technol. 2020;29(52):784-93.

Kusnandar F, Mutmainah M, Muhandri T.
Karakteristik  Fisikokimia Pati Ubi Banggai
(Dioscorea alata). agriTECH. 2021;41(3):220.
Liang S, Zeng Y, Wang L, Wu J, Cao M, Chen X,
et al. Cultivated and wild yam (Dioscorea alata L.)
starches: physicochemical properties, in vitro
digestibility, and related correlations. Int J Food Sci
Technol [Internet]. 2026;61(1). Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-

105029923824 &doi=10.1093%2Fijfood%2Fvvag0
06&partnerID=40&md5=1a71efe5dddd1bb234486
7¢e32b909d0

Nadia L, Wirakartakusumah MA, Andarwulan N,
Purnomo EH. Karakterisasi Sifat Fisikokimia dan
Fungsional Fraksi Pati Uwi Ungu (Dioscorea
Alata). Nutr Food Res. 2013;36(2):91-102.
Tanimola AR, Otegbayo BO, Akinoso R.
Physicochemical properties of yam starches from
fifty-five lines of Dioscorea species. Food Res

14.

15.

16.

17.

18.

[Internet]. 2022;6(3):49-61. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85134020258&doi=10.26656%2F{r.2017.6%283%
29.224&partner] D=40&md5=18cf7bec9e68d2c975
cel14df0e92fdd

Chaniago R, Hasanuddin A, Kadir S, Rahim A. The
effect of sodium trimetaphosphate on the physical
and functional characteristics of banggai yam starch.
In:  IOP Conference Series: Earth and
Environmental Science [Internet]. Student of the
Doctoral Program in Agricultural Sciences,
Postgraduate Agriculture, Tadulako University,
Jalan Soekarno Hatta Km. 9 No.32, Central
Sulawesi, Palu, 94118, Indonesia: Institute of
Physics; 2023. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85178066429&d0i=10.1088%2F1755-
1315%2F1253%2F1%2F012127&partnerID=40&
md5=b386d74ab3414c781617bc91e2a944ef
Chaniago R, Rahman SA, Bahmid NA, Lamusu D.
Phosphorylation of Banggai Yam (Dioscorea alata
L.) Starch Using Sodium Trimetaphosphate: Effects
on Chemical Composition, Functional Properties,
and Bioactivity. Sarhad J Agric [Internet].
2026;42(1):399-410. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
105033114587&doi=10.17582%2Fjournal.sja%2F
2026%2F42.1.399.410&partnerID=40&md5=e37b
9fdb4cb4eda85e86f1dSabf213d6

Satrimafitrah P, Dodu GNP, Metopa O, Inda NI,
Razak AR, Hardi J. SEMI-SOLID STATE AND
LIQUID STATE FERMENTATION
TECHNOLOGY INCREASE BIOCHEMICAL
NUTRITION VALUES OF BAKU TU BANGGAI
YAMS FLUOR (DISCOREA GLABRA ROXB). J
Eng Sci Technol [Internet]. 2024;19(4):76-87.
Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-

105021124767 &partnerID=40&md5=52¢1¢c46222
dca700eal4b795c84c465¢

Gao J, Zhu L, Huang J, Li L, Yang Y, Xu Y, et al.
Effect of dandelion root polysaccharide on the
pasting,  gelatinization, rheology, structural
properties and: In vitro digestibility of corn starch.
Food Funct [Internet]. 2021;12(15):7029-39.
Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85112459546&d0i=10.1039%2Fd1fo00507c&part
nerID=40&md5=6bf2¢3293aa57c3871e58d566¢6¢
4421

Ren Y, Liang W, Zhong Y, Hebelstrup KH,
Blennow A, Ai Y. Impact of a Full Range of




19.

20.

21.

22.

23.

Amylose Level on Pasting and Gelling Properties of
Barley Starches at High-Temperature Heating.
Starch/Staerke [Internet]. 2023;75(1-2). Available
from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85141357429&doi=10.1002%2Fstar.202200167&
partner]D=40&md5=87f781bfe316bb93bdc70f75¢
cfccadd

Liang D, Zhang Y, Luo W, Xu M, Guo J, Hu Y, et
al. Effect of High-amylose Maize Starch at Different
Heating Temperatures on the Pasting Properties,
Gelation Behaviors and Anti-digestibility of Whole
Wheat Flour. Sci Technol Food Ind [Internet].
2026;47(1):168-76. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-105026281866&d0i=10.13386%2F].issn1002-
0306.2025010255&partnerID=40&md5=117abdc0
59407c902afd66ab8fcd9afl

Kaper T, Van Der Maarel MJEC, Euverink GJW,
Dijkhuizen L. Exploring and exploiting starch-
modifying amylomaltases from thermophiles. In:
Biochemical Society Transactions [Internet]. Ctr.
for Carbohydrate Bioengineering, TNO-RUG, 9750
AA Haren, P.O. Box 14, Netherlands; 2004. p. 279—
82. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
2342626589&d0i=10.1042%2FBST0320279&part
nerlD=40&md5=63b1ba626bda392244c961b319fe
d7e2

Wang S, Copeland L. Effect of Acid Hydrolysis on
Starch Structure and Functionality: A Review. Crit
Rev Food Sci Nutr [Internet]. 2015;55(8):1081-97.
Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
84954453227&d0oi=10.1080%2F10408398.2012.6
84551 &partnerID=40&md5=3c7dcc780ab4e2b69a
d62ff2b66b2d20

Dewi H, Putri GR. Financial Feasibility of Liquid
Sugar Production from Sago Starch with Enzymatic
Hydrolysis Method. In: IOP Conference Series:
Earth and Environmental Science [Internet]. Agro-
Industrial Engineering, Politeknik Ati Padang,
Indonesia: Institute of Physics Publishing; 2020.
Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85090833935&d0i=10.1088%2F1755-
1315%2F537%2F1%2F012043 &partner]D=40&m
d5=cd9dc80f35b4c88f56169068a7¢71295

Arif AB, Sasmitaloka KS, Winarti C. Effect of
liquefaction time and enzyme addition on liquid
sugar production from sweet sorghum starch by
enzymatic hydrolysis. In: IOP Conference Series:
Earth and Environmental Science [Internet].

24.

25.

26.

27.

28.

Indonesian Center for Agricultural Postharvest
Research and Development, J1. Tentara Pelajar No.
12, Bogor, 16114, Indonesia: Institute of Physics
Publishing; 2019. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85064858009&d0i=10.1088%2F1755-
1315%2F250%2F1%2F012042&partnerlD=40&m
d5=c145e5842160376967a3eb63246ad220
Olawoye B, Jolayemi OS, Origbemisoye BA,
Oluwajuyitan TD, Popoola-Akinola O. Hydrolysis
of Starch. In: Starch: Advances in Modifications,
Technologies and  Applications  [Internet].
Department of Food Science and Technology, First
Technical University Ibadan, Ibadan, Nigeria:
Springer International Publishing; 2023. p. 83—101.
Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85186644763&doi=10.1007%2F978-3-031-
35843-

2 4&partner]D=40&md5=076b{f3752af05a502cfc
4e3044b30be

Zambelli RA, Saraiva MC, Barroso AB, dos Anjos
ML. Acid Hydrolysis. In: Starch: Structure,
Properties, and Modifications for Food Applications
[Internet]. Food Engineering Department, Food
Biomaterials Laboratory, Federal University of
Ceara, Ceara, Fortaleza, Brazil: CRC Press; 2024. p.
265-80. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85210218100&d0i=10.1201%2F9781032655598-
11&partnerID=40&md5=d210df5be008c3{75079b
b1302e92ba6

Basaric1 Unlii E, Aykag C. Hydrolysis of Oat Starch
by Amyloglucosidase and Pullulanase.
Starch/Staerke [Internet]. 2023;75(3—4). Available
from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85145219483&doi=10.1002%2Fstar.202200201&
partner]D=40&md5=13232b96b32df9100268d015
e52517d1

Aso SN, Pullammanappallil PC, Teixeira AA, Welt
BA. Production of glucose sweetener by simple
singlestep hydrolysis of native cassava root starch.
Trans ASABE [Internet]. 2017;60(6):2199-207.
Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85040056318&doi=10.13031%2Ftrans.12381&par
tnerID=40&md5=288ef364e5982fd71165eb7a60f4
0b8c

Wu J, Duan X. Research progress of enzymes
involved in starch processing. J Chinese Inst Food
Sci Technol [Internet]. 2015;15(6):14-24. Available
from:

10



29.

30.

31.

32.

33.

34.

35.

https://www.scopus.com/inward/record.uri?eid=2-
$2.0-84940658138&d0i=10.16429%2F;j.1009-
7848.2015.06.002&partnerID=40&md5=21402b00
8459e45e9377ae6110e9b37f

Quifionez-Ensuncho JD, Ochoa S, Osorio-Echeverri

V-M, Osorio-Tobon JF. Enzymatic hydrolysis of 36.

starch from the anthocyanin extraction residue
(AER-starch) with ultrasound pretreatment: A
techno-economic assessment. PLoS One [Internet].

2026 Mar 2;21(3):e0343968. Available from: 37.

https://doi.org/10.1371/journal.pone.0343968

Ramon AP, Taschetto L, Lunelli F, Mezadri ET,
Souza M, Foletto EL, et al. Ultrasound-assisted acid
and enzymatic hydrolysis of yam (Dioscorea sp.) for
the production of fermentable sugars. Biocatal
Agric Biotechnol [Internet]. 2015;4(1):98-102.
Available from:
https://www.sciencedirect.com/science/article/pii/S

1878818114001297 38.

Jiang Q, Gao W, Li X, Shi Y, Guo L, Xiao P. The
effect of acid and glucoamylase hydrolysis on
partial physicochemical properties and
characteristics of Dioscorea alata Linn. starch.

Starch/Staerke [Internet]. 2012;64(10):813-20. 39.

Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
84867044470&d0i=10.1002%2Fstar.201200036&
partner]D=40&md5=bd7148e63716d1d013ab0120
ab2e6e75

Okafor D, Onuegbu N, Ibeabuchi J, Agunwah I,
Kabuo N, Nweje N, et al. Physio-chemical
properties of sugar syrup produced from two

varieties of yam (Dioscorea dumetorum and 40.

Dioscorea alata) using exogenous enzymes. Res J
Food Sci Nutr. 2019 Feb 28;4(1):12-21.

Jiang S, Cen J, Zhou Y, Wang Y, Wu D, Wang Z, et
al. Physicochemical characterizations of five
Dioscorea alata L. starches from China. Int J Biol
Macromol [Internet]. 2023;237. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85151308847&doi=10.1016%2Fj.ijbiomac.2023.1
24225&partner]D=40&md5=bc925f9ff6c6e510fe8
6a3b6ad56d21c

Mawoneke KG, Kwiri R, Ndemera M. A concise 41.

review of yam (Dioscorea spp.) starch: extraction,
chemical composition, physicochemical properties
and its potential food applications. Cogent Food
Agric [Internet]. 2025;11(1). Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85214116449&d0i=10.1080%2F23311932.2024.2
447900&partnerID=40&md5=2973504c3f1956aca
fla5b0dad2405b0

Chaniago R, Lamusu D, Basrin F. Sifat Kelarutan 42.

(Solubility) Dan Daya Kembang (Swelling Power)
Tepung Ubi Banggai Dengan Variasi Perendaman
Larutan Garam Solubility and Swelling Power
Properties of Yam Banggai Flour With Variations of
Soating Salt Solutions. Agritepa. 2024;11(1):45-54.
Sutamihardja R, Srikandi S, Herdiani DP. Hidrolisis
Asam Klorida Tepung Pati Singkong (Manihot
esculenta Crantz) dalam Pembuatan Gula Cair.
Sains Nat J Biol Chem. 2017;5(1):83-91.

Yamada A, Suzuki M. A microfluidic ph
measurement device with a flowing liquid junction.
Sensors  (Switzerland) [Internet]. 2017;17(7).
Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85021767511&d0i=10.3390%2Fs17071563&partn
er|D=40&md5=aa0402e3f0113c50d8f17b6ed9d98
932

Mohammad BK, Heni Rizqiati, Nurwanto. Analisis
Total Padatan Terlarut, Keasaman, Kadar Lemak,
dan Tingkat Viskositas pada Kefir Optima dengan
Lama Fermentasi yang Berbeda. J Teknol Pangan.
2017;1(2):33-8.

Ducat G, Felsner ML, Quinaia SP, Neto PRC.
Isothermal thermogravimetry and factorial design
applied to development and validation of an oven
drying method for cane syrups. Orbital [Internet].
2018;10(3):247-53. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85048274944&do0i=10.17807%2Forbital.v10i3.111
4&partnerID=40&md5=d9a0b3d54441d88daf09d4
0ba683260e

Cordero-Herrera M, Benitez-Lobo J, De Paula C,
Andrade-Pizarro R, Montero-Castillo P, Acevedo-
Correa D, et al. Physicochemical, Pasting and
Thermal Properties of the Starch of Three Varieties
of Yam (Dioscorea spp.) as Potential Food
Ingredients. Polymers (Basel) [Internet].
2026;18(8). Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
105037603983&doi=10.3390%2Fpolym18080943
&partnerID=40&md5=60ac09f9380c53a56db44b3
a68c95074

Tian Y, Wang Y, Liu X, Westh P, Mgller MS,
Hebelstrup KH, et al. Unravelling the mechanism of
enzymatic resistance in different high amylose
starch granules. Carbohydr Polym [Internet].
2025;368. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
105010944316&doi=10.1016%2Fj.carbpol.2025.1
24052 &partnerID=40&md5=726f1d8ca5ccac1b91
6883e7c80290ef

Keeratiburana T, Tastub S, Blennow A, Tongta S.

1"



43.

44.

45.

46.

47.

Synergistic effects of ethanol pretreatment and
sequential enzymatic treatments on structure and
functionality of porous cassava starch. Int J Biol
Macromol [Internet]. 2026;366. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
105038436209&doi=10.1016%2F;.ijjbiomac.2026.
152418 &partner]D=40&md5=f1bf824bdeSebaab0
6f7clled52c7a65

Rysha A, Mulaj L. Quantitative divergence between
refractometric total soluble solids (°Brix) and label-
declared values in commercial fruit beverages:
implications for screening. Scifood [Internet].
2026;20:351-60. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
105036982965&doi=10.5219%2Fscifood.105&par
tnerID=40&md5=12be4d9¢209249c6e9905877102
d398d

Ali A, Bidhuri P, Malik NA, Uzair S. Density,
viscosity, and refractive index of mono-, di-, and tri-
saccharides in aqueous glycine solutions at different
temperatures. Arab J Chem  [Internet].
2019;12(7):1684-94. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85048737064&d0oi=10.1016%2Fj.arabjc.2014.08.0
27&partnerID=40&md5=3b9673012f2656353afad
9232a3cf39f

Feng S, Rao A, Pradhan AK. Bacterial
Contamination and Control in Food Products. In:
Antimicrobial Food Packaging, Second Edition
[Internet]. Department of Nutrition and Food
Science, University of Maryland, College Park,
MD, United States: Elsevier; 2025. p. 41-55.
Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-105005900368&d0i=10.1016%2FB978-0-
323-90747-7.00004-
1&partnerID=40&md5=02235dc4acbe59c04f0381
be7549777a

Alonso-Gomez LA, Gonzalez-Hernandez AlJ,
Fragua-Cruz AF, Barron-Garcia OY, Rodriguez-
Garcia ME. Effect of non-thermal acidic and
alkaline modifications on the structural, pasting,
rheological, and functional properties of cassava
(Manihot esculenta) starch. J Food Sci [Internet].
2024;89(10):6601-15. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-85204097046&d0i=10.1111%2F1750-
3841.17376&partnerlD=40&md5=71c346be7042d
629a36d00033f1350aa

Fiallos D, Rosales V, Montiel-Centeno K, Lopez-
Valerio D. Optimization of Laboratory-scale
Operating Conditions for the Modification of
Cassava Starch (Manihot esculenta) Via Acid

48.

Hydrolysis and Phosphation. J Mex Chem Soc
[Internet]. 2026;70(1). Available from:
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
105027855650&d0i=10.29356%2Fjmcs.v70i1.241
6&partner] D=40&md5=007d6bcbf74d207396547¢
15dff95cd4

Kumar A, Samadder SR. Analysis of the leaching
behavior of elements from coal combustion residues
for better management. Environ Monit Assess
[Internet]. 2015;187(6):1-12. Available from:
https://www.scopus.com/inward/record.uri?eid=2-
$2.0-84957877457&d0i=10.1007%2Fs10661-015-
4605-
4&partnerID=40&md5=9dbf5e8100b758c41c5e57
5a13578304

12



	Introduction
	Making Banggai Yam Starch
	pH Analysis

	The total measurement of dissolved solids is carried out using a hand refractometer. The appliance prism is first washed with aqueducts, then dried using a fine cloth to ensure that there are no residues that can affect the measurement results. The sa...
	Moisture Content Analysis
	Statistical Analysis


	Results
	General Description of Hydrolysate Composition
	Reducing sugar formation and hydrolysis efficiency
	Incorporation between the reducing sugar and the total soluble solids
	Moisture content
	pH interpretation

	Discussion
	Conclusions
	List of abbreviations
	Author Contributions
	Ramadhani Chaniago: Conceptualization, Methodology, Investigation, Writing – Original Draft, Writing – Review & Editing, and Project Administration.
	Sultan Nasyirah Bisinda: Investigation, Data Curation, Formal Analysis, Validation, Visualization, and Writing – Review & Editing.
	Availability of Data and Materials
	Conflicts of Interest
	AI Declaration

	Funding
	Acknowledgments
	References

