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Abstract 

The reaction conditions to hydrolyze konjac powder (KP) were investigated by using a combination of 

microwave radiation heating and HCl as a catalyst to explore the possibility of glucomannan-oligosaccharides, 

mannose, and glucose extractions from the polysaccharides of KP. Selective reaction conditions to produce 

glucomannan-oligosaccharides, mannose, and glucose were determined. The highest yield for glucomannan-

oligosaccharides production, at 19.2%, was achieved under the reaction conditions of 110°C, 15 min, 2 M HCl, and 

10:1 (mL/g) ratio of reaction volume to KP mass. The highest yield for both mannose and glucose production, at 

35.8% and 30.2%, respectively, was achieved under the reaction conditions of 110°C, 15 min, 1.2 M HCl, and 10:1 

(mL/g) ratio of reaction volume to KP mass. Only a small amount of 5-HMF at 0.3% was formed and a low level of 

UV absorbance (284 nm) of hydrolyzed products (HP) at 1.7 was found under these conditions. The combination of 

microwave radiation (MCR) heating and HCl effectively hydrolyzed konjac powder selectively into glucomannan-

oligosaccharides and/or monosaccharides in a relatively short reaction time. 
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1. Introduction 

Konjac (Amorphophallus konjac) is  a herbaceous 

plant grown in some Asian countries (China, Japan, 

South East Asia), and it has been consumed by humans 

for more than 2000 years [1]. Konjac powder (KP) is 

consumed for benefits as medicine (detoxification, 

tumor-suppression, asthma, etc.), food additive, and 

dietary supplement (noodles, rubbery jelly, etc.) [1-2]. 

The major polysaccharide found in konjac is 

glucomannan, in which glucose and mannose are 

linked via β–1,4-glycosidic linkages with a ratio of 

1:1.6 (w/w) [1, 3-6]. In addition, the structure of 

glucomannan polysaccharide is 8% branched. The 

monosaccharide ratio of the terminal units is 

approximately 2:1 (w/w) of glucose to mannose [6]. 

Prebiotics are functional foods [7] which have 

attracted a lot of interests recently because of their 

health benefits [7-9]. Glucomannans are a promising 

prebiotic obtained by hydrolysis of konjac. Salivary 

and pancreatic amylase of an animal digestion system 

cannot break the β-1,4-glycosidic linkages in 

glucomannans to release monomers. However, they 

can be fermented by useful bacteria in the colon [1]. 

This has satisfied one of the important requirements for 

prebiotic activities. In both in vitro and in vivo tests, 

glucomannan-oligosaccharides extracted from konjac 

have been demonstrated to have better prebiotic 

activities than glucomannan polysaccharides [2, 4, 10-

11]. In addition, both mannose and glucose obtained 

from konjac are also useful products. Food additives, 

including humectants, sweeteners, stabilizers, 

texturizers [12], and pharmaceutical products for 

therapeutic purposes [13], are major applications of 

mannose. Glucose has plenty of applications in many 

sectors, including food industries as energy drinks, and 

in the health sector as a portion of medicine [14]. 

Extractions of glucomannans from konjac have 

been investigated by several methods, including acid 

degradation, enzymatic hydrolysis, oxidative 

degradation, and physical methods [3-15]. However, 

the processing time for these methods is very long (3.4 

h) [4, 16-17]. In addition, the enzymatic method has its 

limitations, including high cost, complicated processes, 

substrate solubility, a narrow range of temperature 

activity for the enzyme, and longer reaction time [18-

19]. 

In recent years, the heat generated by microwave 

radiation (MCR) has been explored for its applications 

in various industries [20-21], such as food processing 

[22-23], food drying [24-25], polymers [26-27] and 

organic synthesis [28-29]. MCR was also used to 

hydrolyze KP to obtain monosaccharides in mild 

reaction conditions [30-31]. In comparison to 

conventional heating, for the purpose of a complete 

digestion of KP to monosaccharides to analyze the KP 

contents, the time required to completely hydrolyze KP 

was shorter [31]. In addition, the amount of acid 

catalyst required was reduced by twenty-fold. 
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Furthermore, the structure and quality of products were 

not affected by MCR heating [31]. To the best of our 

knowledge, the hydrolysis of KP by a combination of 

microwave radiation and HCl as a catalyst, to 

selectively extract glucomannan-oligosaccharides has 

not been reported. 

Therefore, we aim to employ the tremendous 

advantages of the combination of MCR heating and 

HCl as a catalyst in the KP hydrolysis process, in order 

to circumvent the shortcomings mentioned in the 

previous methods and to determine conditions to 

produce both glucomannan-oligosaccharides and 

monosaccharides. The obtained glucomannan-

oligosaccharides may be used as a more effective 

prebiotic agent than the intact glucomannan-

polysaccharides. 

 

2. Material and methods 

 

2.1 Material and reagents 

2.1.1 Konjac and konjac powder 

Fresh konjac was purchased from Rayong 

province, Thailand. The raw material was washed with 

tap water and cut into small pieces, and it was dried in 

a hot air oven at 60°C for 2 days. The dried konjac 

flakes were ground by a household blender and sieved 

to obtain KP with particle sizes of less than 250 µm. 

The KP was kept in an airtight container for further 

usage. 

2.1.2 Reagents 

Phenol, sulfuric acid (95 - 97%), dihydroxyacetone 

(DHA), Coomassie Brilliant Blue G-250, and albumin 

were purchased from Merck (Germany). 3,5-

Dinitrosalicylic acid, sodium hydroxide, 5-

hydroxymethyl-2-furfuraldehyde (5-HMF), methanol, 

and HCl were purchased from Sigma-Aldrich (USA). 

Potassium sodium tartrate was purchased from Ajax 

FineChem Pty Ltd (Australia). Mannose and xylose 

were purchased from Senn Chemicals (Switzerland). 

Galactose and glucose were purchased from Fluka 

(USA). The standard mannans were synthesized 

according to a published report [32]. Other reagents 

were of analytical grade. 

 

2.2 Physicochemical hydrolysis of KP 

KP was dried at 60°C overnight in a hot air oven to 

remove moisture before being hydrolyzed by a 

combination of MCR (CEM, Discover SP 909155, 

USA) and HCl as a catalyst. KP (0.1 g) was mixed 

with diluted HCl (aq., 1 mL) at a specified 

concentration in a batch-type closed-vessel of 10 mL at 

certain time intervals. Maximal pressure of 290 psi, 

maximal power of 150 watts, and ramping time of 2 

min were used as the set conditions of MCR for all of 

the hydrolysis reactions. 

Afterward, the vessel was allowed to cool to room 

temperature. Reverse osmosis (RO) water (8 mL) was 

added and stirred for 1 h to separate the soluble and 

insoluble portions. 
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The residual solid was collected by filtering 

through a Whatman No. 1 paper. Centrifugation 

(SCILOGEX, D3024R, USA) was used to obtain the 

supernatant, at 14,000 rpm, at 4°C, for 20 min. The 

combined residual solids, collected from both filtration 

and centrifugation, were dried at 60°C overnight in a 

hot air oven to obtain a constant weight. 

The hydrolyzed products (HP) were kept as an 

aqueous solution in a refrigerator at 4°C for further 

analyses. All reactions were repeated three times. 

 

2.3 Experiment conditions 

2.3.1 The effect of temperature on the hydrolysis of 

KP 

The reaction temperatures investigated in this study 

were set at a range of 110°C - 200°C (10°C 

increments), with 15 min of reaction time, 0.05 M HCl 

as a catalyst, and 10:1 (v/w) of ratio of reaction volume 

to KP mass. 

2.3.2 The effect of HCl concentration on hydrolysis 

of KP 

A temperature that is higher than 120°C accelerates 

Maillard browning and caramelization reactions 

(MBCR) over reaction time [33]. Thus, the reaction 

temperature was fixed at 110°C. The HCl 

concentration was 0.05 M and 0.2 M – 2.0 M (0.2 M 

HCl increments in the range of 0.2 – 2 M HCl). 

Reaction time and ratio of reaction volume to KP mass 

were 15 min and 10:1 (v/w), respectively. 

 

2.4 Methods 

All data are expressed as mean ± standard 

deviation 

2.4.1 Proximate composition analysis of KP 

The standard methods set by the Association of 

Analytical Communities (AOAC) [34] were used for 

proximate composition analysis of KP. Briefly, a hot 

air oven drying at 100°C for 16 – 18 h, drying the ash 

at 550°C for 4 – 6 h, Kjeldahl method with 6.25 as 

conversion coefficient, and Soxhlet extraction method 

were used to determine moisture, total ash, crude 

protein, and crude fat in KP, respectively. 

2.4.2 Solid loss (SL) determination 

The SL was calculated by Eq. (1), 

 

 SL = ((IS – RS)/IS) × 100% (1) 

 

where, 

SL: Solid loss (%, based on the dried weight of 

KP), 

IS: Initial dried solid (g), 

RS: Residual dried solid (g). 

2.4.3 Total carbohydrate (TC) determination 

Phenol-sulfuric acid assay was used to quantify TC 

in HP [35]. The HP (0.2 mL) was diluted to a total of 

10 mL by RO water in a volumetric flask. The diluted 

HP (1 mL) was mixed with 1 mL of aqueous phenol 

solution (5%) in a closed test tube, and then 5 mL of 

sulfuric acid (95 - 97%) was added to the mixture. The 

mixture was thoroughly mixed and kept in a water bath 
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at 25°C for 20 min. A UV-VIS spectrophotometer 

(Thermo Fisher Scientific, G10S UV-VIS, USA) was 

used to record the absorbance of the mixture at 490 

nm. A mixture of RO water, 5% aqueous phenol 

solution, and sulfuric acid (95 - 97%) with a ratio of 

1:1:5 (v/v/v), was used as blank. Aqueous solutions of 

mannose and glucose, with a ratio of 1.6:1 (w/w) at 

different concentrations, were used to construct a 

standard curve. TC was reported in % (g of TC in 100 

g of the dried weight of KP). 

2.4.4 Reducing sugar (RS) determination 

The RS in the HP was measured by dinitrosalicylic 

acid assay [36]. Dinitrosalicylic acid (1 g) and 

potassium sodium tartrate (300 g) were mixed with 200 

mL of 2 M NaOH as dinitrosalicylic acid reagent. The 

mixture was then adjusted to 800 mL by RO water. 

The HP (0.2 mL) and the dinitrosalicylic acid reagent 

(2 mL) were mixed thoroughly in a closed test tube, 

and then the mixture was immersed in boiling water 

for 10 min. Afterward, it was rapidly cooled to room 

temperature by ice water. The absorbance of the 

mixture was recorded at 570 nm by using a UV-VIS 

spectrophotometer (Thermo Fisher Scientific, G10S 

UV-VIS, USA). A mixture of RO water and 

dinitrosalicylic acid reagent (0.2:2, v/v) was used as 

blank. Aqueous solutions of mannose and glucose with 

a ratio of 1.6:1 (w/w) at different concentrations were 

used to construct a standard curve. RS was reported in 

% (g of RS in 100 g of the dried weight of KP). 

2.4.5 Protein determination 

The Bradford method was used to quantify protein 

in HP [37-38]. Bradford reagent was prepared by 

dissolving 0.2 g of Coomassie Brilliant Blue G-250 in 

100 mL of ethanol (95%), and then 200 mL of 

phosphoric acid (85%) was added. The mixture was 

thoroughly mixed and diluted to 2 L in a volumetric 

flask. Bradford reagent was filtered through Whatman 

No. 1 paper before using. HP (0.1 mL) was diluted to 1 

mL by RO water, and then 5 mL of Bradford reagents 

was added. The mixture was incubated at room 

temperature for 5 min. The absorbance of a mixture 

was recorded at 595 nm by a UV-VIS 

spectrophotometer (Thermo Fisher Scientific, G10S 

UV-VIS, USA). A mixture of RO water and Bradford 

reagent with a ratio of 1:5 (v/v) was used as blank. 

Albumin aqueous solutions with different 

concentrations were used to construct a standard curve. 

The value of protein determination was reported in % 

(g of protein in 100 g of the dried weight of KP). 

2.4.6 UV absorbance level for determination of 

intermediate degradation products of MBCR 

A UV-VIS spectrophotometer (Thermo Fisher 

Scientific, G10S UV-VIS, USA) was used to record 

the UV absorbance level of the HP with 50-fold 

dilutions at 284 nm [39-40]. RO water was used as 

blank. 
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2.4.7 5-hydroxymethyl-2-furfuraldehyde (5-HMF) 

determination 

5-HMF in HP was quantified by HPLC (Agilent 

1260 Infinity, G1329B, Germany), equipped with a 

C18 column (Agilent, ZORBAX Eclipse Plus C18, 

959961-902, USA) [19]. The diluted HP was 

neutralized and filtered through a 0.2 µm membrane, 

and 20 µL of the sample was injected into the HPLC. 

A mixture of deionized water (DI) and methanol 

(90:10, v/v), filtered through 0.2 µm membrane, was 

used as a mobile phase with a flow rate of 1 mL/min 

[19]. Absorbance of 5-HMF in HP was recorded at 284 

nm by a UV detector [39-40]. 5-HMF aqueous 

solutions with different concentrations were used to 

construct a standard curve. Dihydroxyacetone (DHA) 

was used as an internal standard for all HP and the 

standard curve. 5-HMF was reported in % (g of 5-

HMF in 100 g of dried KP). 

2.4.8 Saccharide composition analysis of HP 

An HPLC (Agilent 1260 Infinity, G1329B, 

Germany), equipped with a guard column 

(Transgenomic CARBOSEP CHO682, Guar Kit, 

CHO-99-2354, USA) and a carbohydrate column 

(Transgenomic CARBOSEP CHO682, LEAD column, 

CHO-99-9854, USA), was used to analyze saccharide 

compositions of HP. The diluted HP was neutralized 

and filtered through a 0.2 µm membrane. The sample 

(20 µL) was then injected into the HPLC. DI water, 

filtered through 0.2 µm membrane, was used as a 

mobile phase, with a flow rate of 0.4 mL/min. The 

column’s temperature was maintained at 80°C. 

Monosaccharides and oligosaccharides were monitored 

by a refractive index detector. Mannose, glucose, 

galactose, xylose, and mannan oligosaccharides 

aqueous solutions with different concentrations were 

used to construct the standard curves. DHA, as an 

internal standard, was applied to all HP and the 

standard curve. Saccharide compositions were reported 

in % (g of each saccharide in 100 g of dried KP) 

 

3. Results and discussion 

 

3.1 Proximate composition analysis of KP 

KP is rich in carbohydrates, especially mannose 

and glucose [6-31]. The TC content is 81% (Table 1) 

of the dried weight of KP, which is considered very 

high.  

 

Table 1 Proximate compositions of KP (%) 

Moisture 3.39 ± 0.12 

Total ash 6.44 ± 0.192 

Crude protein 8.91 ± 0.18 

Crude fat 0.42 ± 0.01 

Total carbohydrate 80.96 ± 0.34 

 

In this study, we aim to extract most of the TC in 

KP and preserve the quality of extracted glucomannan-

oligosaccharides and monosaccharides in HP, with a 

set of optimized reaction conditions. 
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3.2 HPLC analyses for oligosaccharides and types 

of monosaccharides 

The type and percentage of monosaccharides and 

oligosaccharides in HP were directly determined by 

HPLC without the need of chemical derivatizations. 

The retention times of the common monosaccharides, 

including glucose, xylose, galactose, arabinose, and 

mannose on HPLC chromatogram were 20.6, 22.4, 

24.5, 27.0, and 28.9 min, respectively. The retention 

times of the standard mannan oligosaccharides and the 

glucomannan-oligosaccharides in HP were 

distinctively shorter, at around 9 to 16 min. A 

carbohydrate column (Transgenomic CARBOSEP 

CHO682, LEAD column, CHO-99-9854, USA) allows 

the HPLC assay to directly profile the saccharide 

contents in HP while avoiding possible errors from the 

incomplete chemical derivatizations that often occur in 

typical analysis methods [19-41]. 

 

3.3 The effect of reaction temperature on the 

hydrolysis of KP 

The reaction temperature has significantly affected 

the hydrolysis of KP. In general, SL (Eq. (1)), TC, RS, 

and protein increased with an increase in the reaction 

temperature (Fig. 1a). 

The SL increased dramatically with the 

temperature from 110°C to 130°C, to reach 73.4%. 

Afterward, it increased slightly and reached a maximal 

value of 86.8% of the dried weight at 200°C. When 

higher temperatures were applied, some carbohydrates 

and protein were burned and a black residual solid was 

generated. This observation corresponds with a 

decrease in TC and protein at a temperature higher 

than 180°C. The formation of 5-HMF and intermediate 

degradation of MBCR required the consumption of 

proton (H+) [33-42], and thus, the final pH of HP 

fluctuated between 2.33 and 2.52 (Fig. 1a). 

TC in HP increased dramatically and reached the 

highest value of 76.5% at 170°C, which accounted for 

most of TC in KP (81%, Table 1). At higher reaction 

temperatures, TC decreased because the carbohydrates 

were degraded to form MBCR products [33] and/or 

burned to produce a black residual solid, which also 

corresponds to a dramatic increase of 5-HMF at the 

high reaction temperature (Fig. 1b). 

The RS level increased and reached a maximal 

value of 61.7% at 190°C because the polysaccharides 

in KP were hydrolyzed to produce oligosaccharides, 

which continued degrading to form monosaccharides at 

high temperature. The released proteins increased with 

increasing temperature and reached the highest value 

of 3.9% at 160°C. Then, it decreased and disappeared 

at 200°C because proteins were degraded at high 

temperature. 

The combination of the heat generated by MCR 

and 0.05 M HCl as a catalyst accelerates the hydrolysis 

of polysaccharides in KP to produce glucomannan-

oligosaccharides, which were continually degraded to 

form monosaccharides. Generally, the obtained 

monosaccharides and total monosaccharides (TM) 
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were increased while the oligosaccharide level 

decreased with increasing temperature (Table 2). 

The oligosaccharide yield reached a maximal value 

of 7.6% at 140°C, and then it decreased with 

increasing temperature because the oligosaccharides 

were degraded to form monosaccharides (glucose, 

xylose, galactose, mannose), and to form other 

intermediate degradation products of MBCR 

(methylglyoxal, α-dicarbonyl compounds) at high 

temperature [43-46]. The major monosaccharides 

found in HP were glucose and mannose, which 

dramatically increased and reached maximal values of 

12.2% and 11.9% at 200°C, respectively. When the 

higher temperatures were applied, more glucose and 

mannose were obtained because the extracted 

glucomannan-oligosaccharides were hydrolyzed to 

form monosaccharides, which also led to an increase of 

the TM in HP from 1.8% at 110°C to 28.8% at 200°C. 

The degree of MBCR depends on reaction 

temperature, time, pH, and water activity, and 5-HMF 

is a key intermediate of the degradation products of 

MBCR [33]. 5-HMF is produced from 

monosaccharides, which were hydrolyzed from KP. 

The UV absorbance level of the HP at 284 nm refers to 

intermediate degradation products of MBCR [39-40]. 

During hydrolysis process of KP, the undesirable 

products of MBCR were generated. Thus, the amount 

of 5-HMF in HP was quantified, and the UV 

absorbance level of the HP was recorded to determine 

the effect of reaction temperature, HCl concentration 

on the formation of the intermediate degradation 

products of MBCR. This information will assist the 

optimization conditions for the hydrolysis reaction of 

KP, to selectively produce glucomannan-

oligosaccharides and monosaccharides. 

In general, 5-HMF and the UV absorbance level of 

HP increased with increasing reaction temperature 

(Fig. 1b). 5-HMF and UV absorbance levels of HP 

increased slightly with the temperature from 110°C to 

160°C and then they suddenly increased and reached 

the maximal values of 8.5% and 2.8 at 200°C, 

respectively. 

The extents of MBCR are proportional to the 

reaction temperature [33]. Thus, the 5-HMF and UV 

absorbance levels of HP increase at the high 

temperatures. This also corresponds to a decrease of 

oligosaccharides, TM, and protein. In addition, the low 

reaction temperatures tend to generate more 

oligosaccharides and significantly limit MBCR. 

In summary, the reaction temperature has 

dramatically affected the hydrolysis of KP. SL, TC, 

RS, glucose, mannose, and TM increased with 

increasing temperature. However, the extracted 

oligosaccharides were still low, and the intermediate 

products of MBCR were high, which was indicated by 

5-HMF proportion and the UV absorbance level of HP 

at high temperature. 
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Fig. 1. The effect of temperature on the hydrolysis of konjac powder: (a) solid loss (■, solid line), total 

carbohydrates (♦, dotted line), reducing sugars (▲, solid line), final pH (●, dotted line), and protein (■, dotted line), 

and (b) 5-HMF (♦, dotted line) and UV absorbance level (■, solid line) of the hydrolyzed products (15 min, 0.05 M 

HCl, 10:1 of ratio of reaction volume to konjac powder mass). 
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Table 2 The effect of reaction temperature on the saccharide compositions of HP 

Temperature 

(°C) 

Saccharide compositions (%, based on the dried weight of KP)  
TM 

Oligosaccharides Glucose Xylose  Galactose Mannose  

110 2.96±0.06 0.94±0.27 0.86±0.14 ND ND 1.80±0.41 

120 6.37±0.13 0.72±0.10 0.75±0.10 ND ND 1.47±0.20 

130 7.10±0.07 0.74±0.27 0.96±0.25 ND ND 1.70±0.53 

140 7.63±0.18 2.63±0.27 2.72±0.41 ND ND 5.35±0.66 

150 6.04±0.26 1.90±0.44 1.52±0.25 ND ND 3.42±0.52 

160 2.12±0.25 3.16±0.39 3.21±0.26 1.01±0.10 1.20±0.26 8.58±0.90 

170 1.47±0.08 1.65±0.58 3.16±0.35 1.10±0.00 2.33±0.27 8.24±0.77 

180 1.45±0.10 7.10±0.40 5.96±0.28 1.51±0.04 8.00±0.67 22.57±1.20 

190 1.44±0.06 9.24±0.18 6.20±0.23 1.20±0.02 10.77±0.16 27.41±0.44 

200 1.37±0.04 12.23±0.16 3.59±0.38 1.06±0.03 11.91±0.17 28.80±0.34 

ND: Not detectable 

 

3.4 The effect of HCl concentration on the 

hydrolysis of KP 

In general, SL (Eq. (1)), TC, RS and the protein 

levels dramatically increased with increasing HCl 

concentration, from 0.05 to 0.4 M (Fig. 2a). The SL 

and TC increased significantly from 54.5% and 42%, 

to 81.7% and 76.1% with the increase of HCl 

concentration from 0.05 M to 0.4 M, respectively. The 

TC in HP at 0.4 M (76.1%) was accounted for almost 

all TC in KP (81%, Table 1). However, the increase in 

HCl concentrations in the range of 0.4 M to 1.4 M did 

not affect the TC and SL levels. At HCl concentrations 

higher than 1.4 M, TC and SL decreased because the 

extracted carbohydrates were degraded to form MBCR 

intermediate products [33]. RS, which represents the 

monosaccharides and low molecular weight 

oligosaccharides levels, dramatically increased and 

reached the highest value of 70.8% at 0.8 M HCl.  It 

then decreased because some portions of  the extracted 

monosaccharides were degraded to form MBCR 

intermediate degradation products at high HCl 

concentration [33]. A decrease of RS at high HCl 

concentration also corresponded to a decrease of 

monosaccharides (Table 3), and an increase of 5-HMF 

at the high HCl concentrations (Fig. 2b). The released 

protein reached a maximal value of 5.5% at 0.4 M 

HCl, and it then decreased with increasing HCl 

concentration. 
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HCl concentration is a major reaction parameter 

that positively affects the hydrolysis of KP to generate 

glucomannan-oligosaccharides, glucose, and mannose 

at a lower reaction temperature of 110°C. It has been 

well established that without HCl, in order for the 

effective hydrolysis of mannans in coconut meal to 

take place, a set of extreme reaction conditions 

(250°C) under the subcritical water conditions is 

required [19].  The amount of extracted 

oligosaccharides dramatically increased when higher 

concentrations of HCl were applied. TM increased 

when the applied HCl concentrations were from 0.05 

M to 1.2 M, and TM decreased with the HCl 

concentrations higher than 1.2 M (Table 3). The yields 

of glucose, mannose, and TM were vastly improved 

and reached the highest values of 30.2%, 35.8%, and 

69.4% at 1.2 M HCl, respectively. At 1.2 M HCl 

concentration, the combined yield of glucomannan-

oligosaccharides (11.6%) and TM (69.4%) was 

accounted for all TC in KP (81%, Table 1). When the 

HCl concentrations were increased to 2 M, the yields 

of glucose, mannose, and TM decreased gradually to 

22%, 22.7%, and 46.3% at 2 M HCl, respectively. 

However, the yield of oligosaccharides increased and 

reached a maximal value of 19.2% at 2 M HCl. 

The results support the critical strategies developed 

in this study by combining MCR heating and the HCl 

catalyst for the hydrolysis of KP. The medium 

concentration of HCl (1.2 M) accelerates the KP 

hydrolysis for glucose and mannose for 

monosaccharide production, while the higher 

concentration of HCl (2 M) is selective for 

glucomannan-oligosaccharide production. 

A low temperature of 110°C limited the formation 

of intermediate degradation of MBCR (Fig. 2b). 5-

HMF was generated in a small amount, only 0.7%, at 

1.4 M HCl concentration, and then it decreased when 

the higher HCl concentrations were applied. The 

presence of 5-HMF is undesirable. At high HCl 

concentrations, the conversions of 5-HMF to other 

compounds such as, levulinic, formic acids, etc., are 

accelerated [47-49]. Therefore, it would also be 

advantageous to use higher HCl concentrations in 

order to degrade 5-HMF. The UV absorbance level of 

HP reached a maximal value at 2.3 at 1.6 M HCl, and 

at higher HCl concentrations, the UV absorbance 

decreased to 1.7 because more MBCR intermediates 

were degraded at higher HCl concentrations. 

In summary, HCl concentration was the major 

factor in the hydrolysis of KP process at a low 

temperature (110°C). The SL, TC, RS, 

oligosaccharides, monosaccharides, and TM were 

increased with increasing HCl concentration. 

Furthermore, the formations of intermediate 

degradation products from MBCR were significantly 

minimized by the use of a low reaction temperature at 

110°C.  
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Fig. 2. The effect of HCl concentration on the hydrolysis of konjac powder: (a) solid loss (■, solid line), total 

carbohydrates (♦, dotted line), reducing sugars (▲, solid line), and protein (●, dotted line), and (b) 5-HMF (♦, 

dotted line), and UV absorbance level of HP (■, solid line) (110 °C, 15 min, 10:1 of ratio of reaction volume to 

konjac powder mass). 
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Table 3 The effect of HCl concentration on the saccharide compositions of HP 

HCl 

concentration 

(M) 

Saccharide compositions (%, based on dried weight of KP) 

TM 
Oligosaccharides Glucose Xylose Galactose Mannose 

0.05 2.96±0.06 0.94±0.27 0.86±0.14 ND ND 1.80±0.41 

0.20 2.77±0.32 4.05±0.25 4.81±0.03 0.59±0.10 4.65±0.33 14.09±0.21 

0.40 4.76±0.57 13.59±0.74 9.07±0.35 1.18±0.44 20.75±0.81 44.58±1.55 

0.60 7.29±0.23 16.77±0.73 3.74±0.46 1.14±0.17 34.43±0.80 56.08±1.60 

0.80 8.37±0.49 28.56±0.47 3.45±0.60 1.23±029 34.78±0.50 68.03±1.80 

1.00 9.17±0.26 27.37±0.82 3.09±0.22 1.25±0.16 34.74±0.70 66.46±1.42 

1.20 11.64±0.84 30.18±1.01 2.11±0.65 1.33±0.20 35.81±0.96 69.44±1.07 

1.40 13.23±0.39 27.87±0.37 2.11±0.51 1.21±0.18 30.81±0.30 62.01±0.30 

1.60 14.52±0.70 22.12±0.86 1.49±0.61 1.18±0.27 27.54±0.60 52.33±1.97 

1.80 15.44±0.64 20.63±0.90 1.42±0.67 1.14±0.13 24.75±0.36 47.95±1.75 

2.00 19.23±0.71 21.95±0.64 0.64±0.14 1.02±0.27 22.68±0.78 46.29±1.33 

ND: Not detectable 

 

4. Conclusion 

In this study, we successfully developed a rapid 

method to selectively produce glucomannan-

oligosaccharides, mannose, and glucose, as well as 

exactly profile the saccharides obtained from the 

hydrolysis of KP by using an HPLC assay. The 

temperature and HCl concentration have considerably 

affected the hydrolysis of KP. The reaction conditions 

with high HCl concentration, at 2 M, and low 

temperature, at 110°C, selectively hydrolyze konjac 

powder into glucommanan-oligosaccharides. A set of 

conditions with low temperature, at 110°C, with a 

medium HCl concentration, at 1.2 M, generates the 

highest amounts of glucose and mannose. The 

combination of microwave radiation heating and HCl 

allows the selective hydrolysis of konjac powder into 

glucommanan-oligosaccharides. The developed 

method is also able to extract most of the carbohydrate 

contents in konjac powder under relatively mild 

reaction conditions. 
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