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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. 
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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


 

 

  
 

2  

 

 

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 α Amylase, and 

glucoamylase Enzymes. The materials used for the anal-

ysis of chemical parameters are distilled water, 

(NH4)2HPO4 10%, Pb-acetate 5%, concentrated 

H2SO4, HCl 0.1 N, NaOH 30%, Luff Schrool, KI 20%, 

Na2S2O3, 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 α-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 
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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, 

α-amylase was added to initiate the liquefaction step. In 

the experimental formulation, 1 g of α-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 

(HCl) 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 HCl 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 HCl 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. 

 

 
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). 
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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: 
 

 

With: Wi = sample weight before drying (g); Wd = the 

weight of the sample after drying to a constant weight 

(g). 

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 (α = 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 1. Physicochemical characteristics of Banggai 

yam starch hydrolysates produced by enzymatic hydroly-

sis. 

Analysis P1 P2 P3 

Reducing 

sugar 

(%) 

8.00 ± 0.18ᵃ 2.55 ± 0.12ᶜ 5.00 ± 0.15ᵇ 

pH 3.50 ± 0.05ᵇ 3.80 ± 0.04ᵃ 3.70 ± 0.03ᵃ 

TSS 

(°Brix) 
9.00 ± 0.20ᵃ 3.00 ± 0.10ᶜ 7.00 ± 0.15ᵇ 

Moisture 

content 

(%) 

84.66 ± 0.28ᶜ 94.50 ± 0.22ᵃ 88.17 ± 0.25ᵇ 

 

Table 2. Physicochemical characteristics of Banggai 

yam starch hydrolysates produced by acid hydrolysis. 

Analysis P1 P2 P3 

Reducing 

sugar 

(%) 

11.22 ± 0.17ᵇ 8.56 ± 0.14ᶜ 12.39 ± 0.19ᵃ 

pH 4.50 ± 0.03ᵇ 4.60 ± 0.03ᵃ 4.60 ± 0.02ᵃ 

TSS 

(°Brix) 
13.00 ± 0.20ᵇ 10.00 ± 0.20ᶜ 14.50 ± 0.20ᵃ 

Moisture 

content 

(%) 

83.52 ± 0.22ᵇ 84.79 ± 0.24ᵃ 80.14 ± 0.24ᶜ 
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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 α-(1→4) 

bonds in amylose as well as branch-related α-(1→6) 

bonds in amylopectin. In contrast, enzymatic conversion 

depends on the accessibility of gelatinized starches to 

endo-active α-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 (R² = 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. 

 

 
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 



 

 

  
 

6  

 

 

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 α-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 α-(1→4) gly-

cosidic bonds, whereas amylopectin contains α-(1→4)-

linked glucan chains with α-(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 α-(1→4) backbone linkages and 

α-(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-
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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 4.5–4.6, 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 (R² = 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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