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Abstract. Amorphophallus oncophyllus or commonly known as porang is a group of Aracea
tubers. Porang has a high economic value and prebiotic source of oligosaccharides because it
contains glucomannan. Porang flour contains about 67.5% glucomannan. Glucomannan is used
as an emulsifier and stabilizer in the food, beverage and cosmetics products industry and as an
ingredient for supplements and food additives because of its high fibres content. In this study,
glucomannan purification can be optimized by using chemicals with modified maceration
techniques with a stirring and washing machine using ethanol and glucomannan analysis using
phenol sulphuric acid test in order to determine the decrease in sugar in porang flour. The
purpose of this study was to determine the highest glucomannan content from several
parameters such as the concentration of hydrochloric acid catalyst, stirring time, temperature,
and the ratio of samples to solvents. The optimum conditions for the extraction process were at
0.7 M hydrochloric acid catalyst concentration, stirring time for 1 hour, temperature at 70°C
and the ratio of samples to solvents was 1:5. Therefore, the optimum glucomannan content
obtained from extraction using hydrochloric acid catalyst reached 95.85%.

1. Introduction

Indonesia has some local tuber like cassava, gembili, potatoes, porang for main food sources that
generally grows in Indonesian forests [1-2]. Porang (Admorphophallus oncophyllus) with growing
properties that are rarely owned by other plants, porang has the ability to live in the shade of other
plant stands [3]. Porang is an Aracea plant which has abundant potential sources because of its high
glucomannan content and its economic value [4]. Fresh porang tubers contain 50% - 65%
glucomannan and porang tubers cannot be consumed directly because they contain calcium oxalate
[5]. Porang flour as an oligosaccharide group is a processed product of porang tubers which contains
about 67.5% glucomannan [6-7]. Glucomannan consists of D-glucose and D-manose monomer units
linked by B-1,4-glycosidic bonds [8]. Glucomannan has a solubility of 86.43%, viscosity of 5.400 cP,
degree of acetylation of 13.7%, polymerization rate of 9.4, water holding capacity of 34.50% (WHC),
and purity of 92.69% [9]. Glucomannan is categorized as a prebiotic source of oligosaccharides [10].
Porang flour has the potential to be a major non-food, food and health food export commodity that is
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produced according to needs due to its glucomannan content [11]. Glucomannan is also used as an
emulsifier and stabilizer in the food, beverage and cosmetic products industry [12]. As well as
ingredients for supplements and food additives because of their high fiber content [13]. In addition to
the ability to form a good gel, glucomannan is also used for drug delivery systems in the
pharmaceutical field [14].

Among various methods, including extraction methods using MAE (Microwave Assisted
Extraction), extraction methods using Reflux Condenser and extraction methods using maceration
modification with a stirring machine have more advantages in relatively lower operating costs, and the
process saves more solvents than other extraction methods [15]. Several studies have shown that the
extraction method using MAE (Microwave Assisted Extraction) requires a curing process and very
expensive operating costs [16], whereas Reflux Condenser is only used for thermostable metabolites
[17].

In this study, glucomannan purification can be optimized by using chemicals with modified
maceration techniques with a stirring and washing machine using ethanol [18]. Modified extraction
methods using acid catalysts produce a faster process than the usual extraction process [15]. The
process includes hydrolysis using an acid catalyst, precipitating alcohol, washing with water and
ethanol, and high energy centrifugation [19]. Because ethanol has high polarity, ethanol can dissolve
other compounds such as impurities, calcium oxalate and so on except glucomannan [20]. the high
polarity is suitable for resins, fats, oils, fatty acids, carbohydrates and other dissolved organic
compounds [20]. Precipitation alcohol is used to produce high levels of purity glucomannan [21].

The purpose of this study was to determine the effect of acid catalyst concentration, stirring time,
temperature, and ratio of samples and solvents to glucomannan levels, and to determine the purity of
glucomannan and reduction of reducing sugars during glucomannan extraction from porang flour
through acid hydrolysis.

The development of extraction methods was also carried out in the research of Wardhani, et al [22].
The study used porang tubers. The extraction method was carried out within 240 minutes to produce
72.8% glucomannan purity with a temperature of 75°C, a ratio of 8: 1 (ml / g), and a concentration of
80%. Likewise, Kumoro A.'s research [23], the method using a hydrochloric acid catalyst and ethanol
washing with a fixed variable temperature of 60°C and an independent variable of 0.5 M acid
concentration and a reaction time of 1 hour resulted in purity reaching 90.18%. Although there are
several studies that report on the extraction of glucomannan from porang flour using hydrochloric acid
catalyst and washing using ethanol, there is no method development with various parameters of
temperature, acid catalyst concentration, stirring time, and the ratio of samples and solvents that play
an important role in obtaining optimum results.

2. Method

2.1. Materials and Reagents

Porang tuber flour (Admorphophallus oncophyllus) is obtained from local farmers in the Central Java
area (Bantul, Yogyakarta). This porang tuber flour is pure flour. Porang tuber flour has a high enough
glucomannan content. Glucomannan has the main chain of monosaccharides in the form of D-glucose
and D-mannose. There are several reagents used in this study such as Ethanol 96% (Hepilab-
Indonesia), Phenol (Indrasari-Indonesia), hydrochloric acid (HCI) (Mallinckrodt, For Laboratory,
Research of Manufacturing-United States of America), sulphuric acid (H,SO4) (Mallinckrodt, For
Laboratory, Research of Manufacturing-United States of America).

2.2 Extraction Process

This study was designed using a Completely Randomized Design (CRD) consisting of 4 independent
variables. The independent variable consists of the concentration of HCI as a catalyst that is 0.1 M, 0.3
M, 0.5 M, 0.7 M, 0.9 M, the temperature at the time of extraction is 50°C, 60°C, 70°C, 80°C, stirring
time when extraction is 30 minutes, 60 minutes, 90 minutes, 120 minutes, 180 minutes and 240
minutes and the ratio of the sample to the solvent is 1:4, 1:5, 1:6, 1:7 and 1:8.
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Porang Tuber Flour will be extracted by comparison of the sample of porang tuber flour with its
solvent, the concentration of the hydrochloric acid catalyst (HCL), temperature and time in accordance
with the variables that have been determined using a mixer with a speed of 700 rpm. After extracting,
the sample solution will be centrifuged using CENTRIFUGE ROTOFIX 32 at a speed of 3000 x RCF
for 10 minutes so that the solid can be deposited. Then the liquid sample will be washed using 96%
alcohol twice as much as the sample solution. Glucomannan will form. Glucomannan will be filtered
and dried in an oven at 55°C for 5 hours.

2.3 Sugar Reduction Analysis

This sugar reduction test was performed using the Phenol Sulfuric Acid method [24]. This method is
solved by take 1 ml sample solution into a reaction tube. Then add 1 ml of 5% phenol and 5 ml of
concentrated H,SO, into a reaction tube containing 1 ml of sample solution. Reaction tubes that are
ready will be incubated with water for 5 minutes at 90°C. Then cooled and placed into a cuvette to
measure its absorbance using the GENESYS 10 UV-Vis spectrophotometer at 490 nm.

3. Results and Discussion

3.1 Effects of Stirring Time on Glucomannan Extraction from Porang Flour (Amorphophallus
oncophyllus)

The variables studied were stirring time when extraction lasted 30 minutes, 60 minutes, 90 minutes
and 120 minutes. Research with time variables like that has also been done by Anindita F. [25]. This
extraction was carried out with an optimal concentration of 0.5 M hydrochloric acid (HCI) catalyst and
an optimal temperature of 70°C in a study conducted by Kumoro A. [19]. While the optimal variable
ratio of the sample to a solvent of 1: 8 in a study conducted by Wardhani D H. [22]. Research data on
the effect of stirring time with a concentration of 0.5 M hydrochloric acid (HCI) catalyst, 70°C
temperature and 1:8 sample / solvent ratio on glucomannan levels are presented in Figure 1. From
Figure 1, it was found that glucomannan levels from each mixing time varied. glucomannan levels to
the stirring time produced with 0.5 M hydrochloric acid (HCI) catalyst concentration, temperature
70°C and a sample / solvent ratio of 1:8 in 30 minutes resulted in glucomannan levels reaching
40.87%; at 60 minutes the resulting glucomannan levels reached 68.20%; at 90 minutes the resulting
glucomannan levels reached 67.87%; at 120 minutes the resulting glucomannan levels reached
57.76%. During the first 60 minutes it gives a tendency to increase in glucomannan levels.
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Figure 1. Effect of Stirring Time on Glucomannan Extraction
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In the stirring time of more than 60 minutes there was a decrease in glucomannan levels due to
the degradation of glucomannan to monosaccharides so that the long reaction time only slightly
increased the concentration of sugar [19]. Extending the reaction time can reduce the concentration of
reducing sugars which indicates the decomposition of glucose into degradation products. In the
hydrolysis of polysaccharide acids, catalyzing acids not only convert polysaccharides to
monosaccharides, but also there is a further degradation reaction of monosaccharides to furan acids
and carboxylic acids [26]. The cause of decreased monosaccharides from polysaccharide acid
hydrolysis due to prolonged degradation and increased acid concentration has also been previously
reported [27]. The optimal time for this extraction process is 60 minutes. The same study was also
conducted by Kumoro A. [19] which stated that the optimal stirring time during extraction was 60
minutes.

3.2 The Effect of Chloride Acid (HCI) Catalyst Concentration on Glucomannan Extraction from
Porang Flour (Amorphophallus oncophyllus)

The next variable is the concentration of hydrochloric acid (HCI) catalyst, namely 0.1 M, 0.3 M, 0.5
M, 0.7 M and 0.9 M. 60 minutes and an optimal temperature of 70°C in a study conducted by Kumoro
A. [19]. While the optimal sample / solvent ratio variable is 1: 8 in a study conducted by Wardhani D
H. [22]. Research data on the effect of hydrochloric acid (HCI) catalyst concentration with stirring
time at extraction of 60 minutes, temperature of 70°C and ratio of sample / solvent 1: 8 to
glucomannan levels are presented in Figure 2. It can be seen in Figure 2, that the glucomannan content
of each hydrochloric acid (HCI) catalyst concentration varies. Glucomannan concentration to the
concentration of hydrochloric acid (HCI) produced with a stirring time of 60 minutes, a temperature of
70°C and a sample / solvent ratio of 1: 8 at 0.1 M hydrochloric acid (HCI) concentration resulted in
glucomannan levels reaching 88.61%, at concentrations of hydrochloric acid (HCI) 0.3 M produces
glucomannan levels reaching 90.11%, at 0.5 M hydrochloric acid concentration (HCI) produces
glucomannan levels reaching 92.24%, at concentrations of hydrochloric acid (HCI) 0.7 M produces
glucomannan levels reached 94.91% and at a concentration of 0.9 M hydrochloric acid (HCI)
produced glucomannan reached 91.47%.
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Figure 2. Effect of Stirring Time on Glucomannan Extraction

Homogeneous acid hydrolysis of starch is regulated by the acidity (pH) of the solution which is
directly proportional to the concentration of hydronium ions (H;0+) present in the solution [28]. In
general, the rate of hydrolysis reaction and sugar formation is directly proportional to the
concentration of acid, the more acidic concentration increases, the rate of hydrolysis reaction and
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sugar formation will also increase due to increased activity of hydrogen ions that take part in the
reaction as catalysts [29]. Concentration of hydrochloric acid (HCI) catalyst increased at 0.1 M, 0.3 M,
0.5 M, 0.7 M and decreased at 0.9 M hydrochloric acid (HCI) concentration. This could occur due to
treatment acid to high temperatures which can cause degradation of polysaccharides separately to form
side products in the form of furfural and hydroxymethylfurfural so as to reduce glucomannan levels
[30]. Decomposition of excess levels of glucomannan is transformed into another product that causes
this phenomenon [31].

3.3 Effect of Temperature on Glucomannan Extraction from Porang Bulbs Flour (Amorphophallus
oncophyllus)

The effect of temperature on glucomannan was observed using extraction methods. Research with the
optimal stirring time variable that has been produced from this research is 60 minutes and the optimal
temperature of 70°C in research conducted by Kumoro A. [19]. Optimal ratio of solvent to 1: 8 (mg /
ml) ratio in a study conducted by Wardhani D. H. [22]. Research data for ratio of sample to solvent 1:
8 and the optimal concentration of 0.7 M hydrochloric acid catalyst at 50°C to 80°C for 60 minutes
against glucomannan levels are presented in Figure 3. It can be seen in Figure 3, that glucomannan
levels at various temperature variations have different glucomannan results. At a temperature of 50°C
the resulting glucomannan levels reaching 92.25%, at 60°C produces a glucomannan levels reaching
94.69%, while at 70°C produces a glucomannan levels reaching 95.11%. But at a temperature of 80°C,
the resulting glucomannan content decreased significantly, reaching 90.76%.

Higher extraction temperatures help remove more impurities and obtain high purity [32]. However,
Figure 3.3 shows that glucomannan levels are relatively insignificant. At a temperature of 80°C there
is a decrease in glucomannan levels, this is caused by the glucomannan undergoing a gelatinization
process so that glucomannan becomes damaged. At high temperatures, glucomannan will break down
into smaller molecules or undergo hydrolysis [33].
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Figure 3. Effect of Temperature on Glucomannan Extraction

According to ISHS Acta [34], the glucomannan decomposition temperature is 280°C, but it does
not rule out that glucomannan will be damaged at 80°C. Extremely high temperatures in the extraction
process can cause a reduction in the amount extracted and also due to the nature of glucomannan
which is very easily damaged when at temperatures over 80°C for a long time [35]. The results of a
similar study conducted by Kumoro A. [19], the possibility of degradation of glucomannan through
acid hydrolysis is used to form byproducts because the extraction conditions at high temperatures
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cause a decrease in glucomannan levels. The resulting by-products such as reducing sugars and other
low molecular weight fractions are soluble in ethanol and do not reappear during the ethanol
deposition stage leading to decreased glucomannan content [36].

3.4 Effect of Comparison of Sample and Solvent Ratios on Glucomannan Extraction from Porang
Bulbs Flour (Amorphophallus oncophyllus)

The effect of the ratio of sample and solvent ratio on glucomannan was observed using the extraction
method. Research with variable ratio of sample and solvent ratio has also been conducted by Wardhani
D. H. [21] with a solvent comparison sample of 1: 8 (mg/ml). Research data on the effect of ratio of
samples and solvents 1:4 (mg/ml) to 1: 8 (mg/ml) with stirring time at extraction 60 minutes,
temperature 70°C and concentration of hydrochloric acid (HCI) catalyst 0.7 M to Glucomannan levels
are presented in Figure 4. Figure 4, shows that glucomannan levels at various ratio ratios of samples
and solvents have different glucomannan results. For a ratio of 1: 4 (mg/ml) glucomannan levels
reached 95.38%, while at a ratio of 1: 5 (mg / ml) the highest levels of glucomannan reaching 95.85%.
At a ratio of 1: 6 (mg/ml) decreased with glucomannan levels reaching 92.73%, at a ratio of 1:7
(mg/ml) the resulting glucomannan levels decreased to 91.98% and for a ratio of 1: 8 (mg/ml)
experienced a significant decrease in glucomannan levels, reaching 89.75%.
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Figure 4. Effect of Comparison of Sample and Solvent Ratio on Glucomannan Extraction

The ratio of sample to solvent ratio tends to show that the more solvents are used, the greater the
level of glucomannan produced [37]. However, Figure 4, shows that glucomannan levels are relatively
insignificant. Variable ratio of 1: 6 (mg/ml) to 1:8 (mg/ml) has decreased levels of glucomannan. This
is due to the ratio of the solvent that is too much water in the extraction process will result in a lower
concentration of extracted glucomannan and an increase in the amount of water that coats the
glucomannan particles. In this case when the extraction results are precipitated with anti-solvent, the
water molecule lining the glucomannan molecule is not completely precipitated, causing a decrease in
glucomannan levels [35]. In this study, a ratio of samples: 1: 5 (w/v) gave 91.32% glucomannan. This
result is higher than Wardhani D.H. [22] who obtained 72.8% glucomannan from porang purification
using a solvent-solid ratio of 8:1 (v/w) with 80% ethanol solution for 4 hours.

4. Conclusion

The optimum conditions for the extraction process from porang flour (Amorphophallus oncophyllus)
using hydrochloric acid catalyst (HCI) were at 0.7 M hydrochloric acid catalyst concentration, stirring
time for 1 hour, temperature at 70°C and the ratio of samples to solvents was 1:5. Therefore, the
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optimum glucomannan content obtained from extraction using hydrochloric acid catalyst reached
95.85%.

References

[1]

[2]
[3]

[4]

[5]
[6]

Bahlawan ZAS, Damayanti A, Majid NA , Herstyawan A & Hapsari RA, (2020) Journal of
Physics: Conference Series 1444 012007 10 1088/1742-6596/1444/1/012007

Harmayani E, Aprilia V, and Marsono Y 2014 Carbohydrate Polymers 112 475-479

Hermudananto, Permadi DB, Septiana RM, Riyanto S, Pratama AA 2019 Indonesian Journal of
Community Engagement 5 416 —436

Wahyuni IH, Suthama N, Perdinan A, Krismiyanto L 2019 IOP Conf Series: Earth and
Environmental Science 230 012117

Yanuriati A, Marseno DW, Rochmadi, and Harmayani E 2016 Carbohydr Polym 156 56-63

Khanifah, Suthama N, Wahyuni HI 2018 Indonesian Journal of Animal and Veterinary Sciences
23 77-81

Faridah A, Widjanarko SB, and Sutrisno A 2011 Proc Indonesia Food Conference 12-17

Tester RF and Al-Ghazzewi FH 2013 Food Res Int 50 384-391

Ohashi S, Shelso GJ, Moirano AL, Drinkwater, WL 2000 Clarified Konjac Glucomannan
US6162906A

Zhang C, Chen J, and Yang F 2014 Carbohydrate Polymers 104 175-181

Nurliyani, Harmayani E, Sunarti 2017 The 7th International Conference on Tropical Animal
Production 419-424

Mikkonen KS, Tenkanen M, Cooke P, Xu C, Rita H, Willfor S, and Yadav MP 2009 LWT-Food
Science and Technology 42 849—-855

Faridah A, Widjanarko SB 2013 International Journal on Advanced Science, Engineering and
Information Technology 3 172-178

Yang D, Yuan Y, Wang L, Wang X, Mu R, Pang J, Zheng Y 2017 International Journal of
Molecular Sciences 18 2250

Enggiwanto S, Istiqomah F, Daniati K, Roanisca O, Mahardika RG 2018 Indonesian Journal of
Pure and Applied Chemistry 1 50-55

Tatke P and Rajan M 2014 Indian Journal of Pharmaceutical Education and Research 48 27-
31

Kumala T, Sutrisno A, Yunianta 2019 IOP Conference Series: Earth and Environmental
Science 475 012030

Nurlela, Ariesta N, Santosa E, Muhandri T 2019 IOP Conference Series: Earth and
Environmental Science 299 012012

Kumoro AC, Yuganta T, Retnowati D, and Ratnawati 2018 Chemistry & Chemical Technology
12 101-108

Faridah A 2016 International Journal on Advanced Science Engineering Information
Technology 6 265-272

Mestechkina NM, Egorov AV and Shcherbukhin VD 2002 Applied Biochemistry And
Microbiology 42 326-330

Wardhani HD, Fatoni N, Mohammad M 2015 AIP Conference Proceedings 1699 060007

Kumoro AC, Yuganta AHT, Ratnawati R, Retnowati SD 2017 [OP Conference Series:
Materials Science and Engineering 162 012020

Masuko T, Minami A, Iwasaki N, Majima T, Nishimura SI, Lee YC 2005 Analytical
Biochemistry 339 69-72

Faradisa A, Bahri S and Hardi J 2016 KOVALEN 2 1-10

Chandel A K, Chandrasekhar G, Radhika K, Ravinder R dan Ravindra P 2011 Biotechnology
and Molecular Biology Review 6 008-020

Kumar R and Wyman CE 2008 Carbohydrate Research 343 290-300



The 9th Engineering International Conference IOP Publishing

IOP Conf. Series: Earth and Environmental Science 700 (2021) 012069  doi:10.1088/1755-1315/700/1/012069

[28] Salmi T, Murzin DY, Maki-Arvela P, Kusema B, Holmbom B and Willfor S 2014 AIChE J 60
1066-1077

[29] Tasic MB, Konstantinovic BV, Lazic ML, and Veljkovic VB 2009 Biochem. Eng. J 43 208-211

[30] Otieno DO and Ahring BK 2012 Biores. Technol 112 285-292

[31] Tanaka Y, Okamoto K, Matsushima A, Ota T, Matsumoto Y and Akasaki T 2013 Anal. Sci 29
1049-1053

[32] Xu W, Wang S, Ye T, Jin W, Liu J, Lei J, Li B, and Wang C 2014 Food Chemistry 158 171—
176

[33] Tatirat O, Charoenrein S 2011 LWT — Food Science and Technology 44 2059-2063

[34] Lebot V 2009 Journal Encyclopedia

[35] Li XJ, Zhang YF, Wang CW, Zhao HP, Chi RA 2012 (Wuhan: Key Laboratory for Green
Chemical Process)

[36] Cheng L, Halawiah N, Lai H 2010 Int Food Res J 17 1043-1050

[37] Chua M, Chan K, Hocking TJ, Williams PA, Perry CJ, Baldwin TC 2012 Journal Carbohydrate
Polymer 87 2202-2210

Acknowledgments

This work was supported by grant research collaboration of the Faculty of Engineering, Universitas
Negeri Semarang, Indonesia, project number: 15.22.4/UN37/PPK.4.5/2020.



