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Abstract
Amorphophallus muelleri Blume tuber, which is called porang in Indonesia, is one of the biggest glucomannan sources next 
to the konjac tuber. Glucomannan is commonly produced by ethanol extraction technique. This study aimed to propose 
the freeze-thaw cycles (FTC) pre-treatments with two factors including freezing time and the number of cycles before the 
glucomannan extraction step and investigated the impact on the physicochemical and morphological properties of the 
extracted glucomannan. The obtained data were statistically tested by means of multivariate analysis of variance (MANOVA) 
and post-hoc Duncan tests at a significance level (P) of 0.05. The treated samples were statistically compared with the control 
sample (without FTC) by means of the Dunnett’s test. The result showed that FTC pre-treatments changed the morphology 
of glucomannan from smooth to become porous globes showing more fissures on its surface. Generally, the freezing time 
treatments affected the physicochemical properties of glucomannan except for its protein and calcium oxalate contents. 
The number of cycles did not significantly affect the protein, starch, and calcium oxalate contents. The Dunnett’s test results 
indicated that the ash, carbohydrate (glucomannan), and color of the glucomannan obtained by the FTC pre-treatments were 
significantly different from those of the control sample. 

Keywords: glucomannan; extraction; freeze-thaw cycles pre-treatments; porang; physicochemical-morphological properties.

Practical Application: the freeze-thaw pre-treatment method is potential to be implemented in glucomannan 
extraction industry.

Extraction of glucomannan from porang (Amorphophallus muelleri Blume)  
with freeze-thaw cycles pre-treatment

Enny SHOLICHAH1,2 , Bambang PURWONO1* , Agnes MURDIATI3 ,  
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1. Introduction
Glucomannan is a polysaccharide substance widely used 

in the food and pharmaceutical industries due to its health 
benefits and its capability to improve the texture of a product 
(Yao-ling et al., 2013). Amorphophallus muelleri Blume tuber, 
which is named porang in Indonesia, contains about 6–20% of 
glucomannan; therefore, it can be a potential source of gluco-
mannan (Dwiyono & Djauhari, 2019). 

Glucomannan can be extracted from fresh tubers or po-
rang flour by using wet and dry extraction methods. The dry 
extraction method uses simple mechanical treatments such as 
a stamp mill or ball mill, followed by a cyclone separation tech-
nique. However, the dry extraction methods produce quite low 
glucomannan content (56–67%), high starch content (3.09%), 
and high calcium oxalate content (3.23%) (Faridah et al., 2012; 
Widjanarko et al., 2015). Meanwhile, the wet extraction method 
produces a high yield of glucomannan (79.19%), a high starch 
content (2.69%), and relatively low calcium oxalate content 
(0.8%) (Faridah & Widjanarko, 2013; Wardhani et al., 2015). 

However, the wet extraction method uses high-cost organ-
ic solvents, especially alcohol substances such as ethanol and 
isopropyl alcohol. Moreover, the quality of glucomannan flour 
produced by the wet extraction method is influenced by ex-
traction parameters such as the extraction temperature, solvent 
concentration, and volume of solvent (Chua et al., 2012; Nurlela 
et al., 2020; Wardhani et al., 2015). Therefore, since both meth-
ods have their own limitations, research is still needed to obtain 
the optimum glucomannan extraction method to produce high 
glucomannan content and, at the same time, low impurities. 

Other goals in developing the glucomannan extraction 
method of Amorphophallus flour are to reduce starch, pro-
tein, ash, and oxalate contents in order to fulfill the standard 
requirement of pure glucomannan flour. The common steps in 
glucomannan extraction include  preparation of porang chips 
and flour, solvent extraction, and glucomannan purification (Shi 
et al., 2020b). Chua et al. (2013) reported that glucomannan 
globes are deposited in idioblast cells of parenchyma tissue. 
The glucomannan cells are usually 15 times bigger than starch 
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granules; therefore, they can be separated from starch granules 
and oxalate compounds by means of the weight or size differen-
tiation methods (Chua et al., 2013; Peiying et al., 2003). 

Generally, starch granules in plant tissues can be destroyed 
by freezing during the ice crystal forming and growing cycles 
(Yang et al., 2021). Furthermore, ice crystallization causes de-
struction of the texture of plant tissues (van der Sman, 2020). 
A slow freezing rate (-20°C) produces bigger ice crystals than 
a medium freezing rate (-40°C) or fast freezing rate (-80°C). 
Moreover, freezing-thawing cycles (FTC) have the ability to break 
hydrogen bonds in the inter- and intra-hydroxyl groups of poly-
saccharide and protein compounds (Feng et al., 2022; Xu et al., 
2022). For instance, the FTC reduces the molecular weight of 
gluten (Zhao et al., 2013), implying a depolymerization process 
of a high-molecular-weight protein into peptides. Based on these 
results, FTC treatment shows a promising method to be explored 
in the glucomannan extraction process from porang tuber. 

Freezing-thawing pre-treatments have also been report-
ed as a physical method to assist wet extraction methods. 
FTC increases the tissue’s damage, which can facilitate the re-
lease of extracellular components during the thawing process. 
FTC  pre-treatments have been applied in pectin extraction 
from mango (Charoenrein & Owcharoen, 2016), gelatin ex-
traction from skin fish (Feng et al., 2021), and polysaccharide 
extraction from taro (Anwar et al., 2021). FTC has also been 
reported to affect the microstructural and physicochemical 
properties of the extracted components (Abedi et  al., 2022). 
Since the FTC pre-treatments have not been utilized to assist 
the glucomannan extraction process from porang tuber, this 
study aims to investigate the impact of the FTC pre-treatments 
on the physicochemical (color, viscosity, swelling properties, 
proximate, starch, Ca-oxalate, glucomannan, Fourier transform 
infrared spectrophotometry, and X-ray diffraction pattern) and 
morphological properties of the glucomannan flour prepared 
by the wet extraction process.

2. Materials and methods

2.1. Materials

The Amorphophallus tubers were obtained from a local 
porang farmer in Subang, West Java, which were harvested in 
2 years. The chemicals were ethanol (95%), enzymes of amylase 
and amyloglucosidase, HCl (37%), KMnO4, H2SO4 (98%), and 
phenolphthalein.

2.2. Freezing-thawing cycles pre-treatment

The Amorphophallus tubers were washed, peeled, and sliced 
to a size of ±3 mm, and then the chips were packed in a plastic 
bag (800 g/pack). The samples were frozen at -20°C for 2, 4, and 
6 days and then thawed at 4°C. The freezing-thawing treatment 
was repeated for 1, 2, 3, and 4 cycles. The chips were dried by 
using a cabinet dryer at a temperature of 50°C, and then they 
were milled and sieved to 40 mesh. The porang flour was sub-
jected to ethanol extraction steps (ethanol of 40% (v/v), flour 
to ethanol ratio of 1:5, and two extraction times) to produce the 
glucomannan flour. The wet glucomannan flour was then dried 

in a cabinet dryer at a temperature of 50°C. The dried flour was 
milled and sieved to 40 mesh. Prior to analysis, samples were 
stored in a leak-proof box containing silica gel and kept at room 
temperature. The sample that did not undergo freezing-thawing 
pre-treatment was prepared as the control sample.

2.3. Proximate and starch determination

The proximate and starch content of the sample were deter-
mined according to the method of National Food and Beverage 
Analysis (National Standardization Agency, 1992). The moisture 
and ash contents were measured using the gravimetric method. 
Protein content was assayed by a nitrogen combustion method 
using a Buchi-Dumaster D480-Germany. The protein content 
was calculated by using a nitrogen conversion factor of 5,7 
according to the standards of the U.S. Food Chemical Co-
dex (FCC) and the European Commission (Chua et al., 2012). 
The percentage of carbohydrate (glucomannan) was calculated 
using a different method (FAO, 1996). The starch content was 
determined based on the enzymatic method of Chua et al. (2012) 
with modifications.

2.4. Oxalate content

The total oxalate in the samples was measured by the vol-
umetric permanganometry method by Sulaiman et al. (2020). 
A sample (1 g) was dispersed with distilled water (95 mL) in a 
250-mL Erlenmeyer. Then, 5 mL of HCl (6 M) was added and 
heated for 1 h at 100°C. After cooling to room temperature, 
distilled water was added to the suspension up to a volume 
of 125 mL. The sample was then filtered with Whatman filter 
paper of size 42. The filtrate (50 ml) was diluted with distilled 
water until it reached a volume of 150 mL. H2SO4 (20%) with 
a volume of 10 mL was added to the sample, then heated until 
boiled. The sample was titrated with KMnO4 at 0.05 M until the 
color of the solution became pink, which lasted for 30 s. The total 
oxalate content of the sample was calculated by the Equation 1:

� (1)

Where:

W sample: the weight of the sample; 

Df: the dilution factor (2.5 is obtained from the volume of the fil-
trate of 125 mL divided by the volume of filtrate used of 50 mL); 

0.00225: the mass volume equivalent constant (1 mL KMnO4 
0.05 M is equivalent to 0.00225 g of anhydrous oxalic acid); 

5: the molar equivalent of KMnO4.

2.5. Color

The color of the samples was measured using a colorimeter 
(3NH-Taiwan). The sample was placed in a standard cuvette, and 
then the color reading was carried out. Three color parameters, 
namely, L* (lightness index), a* (red to green index), and b* 
(yellow to blue index), were reported.
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2.6. Viscosity

The viscosity of the glucomannan sample was determined 
according to the method of Yanuriati et al. (2017). Glucoman-
nan suspension of 1% (w/w) was stirred for 60 min at 350 rpm 
until evenly mixed. The viscosity of the sample was measured us-
ing a viscometer (Brookfield Viscometer Model LVTDV-II, USA) 
at room temperature using an appropriate spindle and speed.

2.7. Swelling power

The swelling power of the glucomannan sample was mea-
sured according to the method of Tao et al. (2018) with some 
modifications. The glucomannan suspension (1% w/v) was 
prepared in a centrifuge tube, then heated in a shaking water 
bath at 80°C for 30 min, cooled for 5 min, and centrifuged at 
3,000×g for 15 min. The supernatant was discharged, and the 
sediment was weighted. The swelling power (SP, g/g) was cal-
culated based on the Equation 2: 

� (2)

2.8. Swelling capacity

The swelling capacity of the sample was determined ac-
cording to the method of Felix da Silva et al. (2020) with some 
modifications. The sample (0.2 g) was placed in a scaled test 
tube, and then 10 mL of distilled water was added. The mixture 
was stored at room temperature for 18 h, and the final volume 
after soaking was recorded. The swelling capacity value was 
calculated based on the Equation 3:

� (3)

2.9. Morphological analysis

The morphological properties of samples were observed 
by a JEOL JSM-IT200 Scanning Electron Microscope (Japan). 
Before the analysis, the sample was sieved through an 80-mesh 
opening. The sample was mounted on a metal stub that had 
previously been covered with double-sided adhesive tape. 
The excess sample was removed by spraying it with nitrogen. 
Then, it was coated with gold and examined with an accelerating 
voltage of 2 kV. The samples were observed with 100-, 500-, and 
1,000-times magnifications.

2.10. Molecular weight

The molecular weight distribution of glucomannan was mea-
sured based on the method of Kurt and Kahyaoglu (2017) using 
the Gel Permeation Chromatography/Size Exclusion Chromatog-
raphy (GPC/SEC) system (Agilent Technologies, 1260 Infinity II, 
UK) with multiple detectors: a UV detector (Agilent 1260 Infinity 
II) and a refractive index (RI) detector (Agilent 1,260 Infinity II). 
Water with the addition of 0.02% NaN3 was used as the mobile 
phase. The sample was dissolved in water (1 mg/mL), stirred and 
filtrated using Millipore 0.45 μL. The flow rate was 0.5 mL/min, 
and the columns and detectors were maintained at 35°C.

2.11. FTIR

FTIR-BRUKER ALPHA II was employed to observe the 
functional groups of glucomannan. The analysis was carried 
out within the infrared region of wave number 400–4,000 cm-1 
with a resolution of 4 cm-1. 

2.12. X-Ray Diffraction

The X-ray diffraction patterns of the glucomannan samples 
were obtained by using an XRD instrument (Panalytical X’pert 
3 Powder, UK). The samples were scanned at a diffraction angle 
(2θ) of 5°–70°. The method of Kurt and Kahyaoglu (2017) was 
followed to analyze the XRD data. 

2.13. Statistical analysis

A completely randomized design (CRD) with two factors 
including the freezing time (2 days (F2), 4 days (F4), and 6 days 
(F6)) and freezing cycles (1 cycle (S1), 2 cycles (S2), 3 cycles 
(S3), and 4 cycles (S4)) (Table 1) was used to study the effect of 
freezing-thawing pre-treatments on the observed parameters 
including the proximate, starch, calcium oxalate, color, viscosity, 
swelling properties, FTIR, and XRD. Multivariate variance anal-
ysis (MANOVA) and the post-hoc Duncan test were performed 
to test the significant differences between the mean values of 
each treatment. The statistical significance level (P) was set at 
0.05. The data of the treated samples were statistically compared 
with those of the control sample (without FTC) by means of 
the Dunnett’s test.

3. Results and discussion

3.1. Proximate, starch, and oxalate contents

The effects of FTC pre-treatments on the removal of impu-
rities (ash, protein, glucomannan, calcium oxalate, and starch) 
during the glucomannan extraction process are summarized 
in Figure 1. The FTC pre-treatments affected the moisture, ash, 
glucomannan, and starch contents of the glucomannan flour, 
but not its protein and oxalate contents. The moisture content 
of glucomannan samples ranged from 6.13 to 12.07%. Figure 1A 
indicates that the moisture content of glucomannan flour was 
influenced by the freezing time but not by the freezing-thawing 
cycle. The moisture content of samples frozen for 4 and 6 days 
was less than 10%, which satisfies the standard for purified 
glucomannan (Peiying et al., 2002). The longer freezing time re-
sulted in a lower moisture content. During freezing, ice crystals 
grow within the intracellular and extracellular structures of wet 
porang chips. The growth of ice crystals may destroy the tissues 

Table 1. The research design of FTC pre-treatment for glucomannan 
extraction.

Freezing Time
Cycle of Freezing-Thawing

S1 S2 S3 S4
F2 (2 days) 1 cycle 2 cycles 3 cycles 4 cycles
F4 (4 days) 1 cycle 2 cycles 3 cycles 4 cycles
F6 (6 days) 1 cycle 2 cycles 3 cycles 4 cycles
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Figure 1. Chemical composition of samples: (A) moisture content; (B) ash; (C) protein; (D) carbohydrate/glucomannan; (E) calcium oxalate; 
and (F) starch. Description: The average value marked by different letter notations showed a noticeable difference according to further tests of 
Duncan at a real level of 5%. Capital letter notation is read for freezing time, and lowercase notation is read for cycle.
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of the sliced porang, forming porous structures. Finally, during 
the drying process, the water is easily evaporated and escapes 
from the inside structures, passing through the porous struc-
tures toward the surrounding environment. This mechanism 
was also reported to occur during the drying of the sliced potato 
pre-treated with freezing-thawing cycles (Shen et  al., 2020). 
Moreover, the severity of tissue damage may increase with a 
longer freezing time. Freezing at -20°C with a slow freezing time 
causes greater tissue damage than freezing at -40 and -80°C. 
The effect of freezing temperature on the characteristics of the 
material has been reported by previous researchers (Charoen-
rein & Owcharoen, 2016; Phothiset & Charoenrein, 2014). 
Results of the Dunnett’s test indicate the moisture content of 
FTC-treated samples (Supplementary Tables 1 and 2). 

Results showed that the ash content of glucomannan flour 
was influenced by the freezing time and cycle. The ash content 
of glucomannan flour ranged from 0.77 to 1.49% (Figure 1B). 
The ash content of glucomannan flour obtained in this study was 
lower than that of non-FTC treatments, which were previously 
reported by Nurlela et  al. (2020). The growth of ice crystals 
during FTC has the ability to destroy the tissue of porang chips, 
resulting in changes in its texture (Tu et al., 2015). This might 
assist in releasing some components, including minerals, during 
the glucomannan extraction process. The release of minerals 
during the glucomannan extraction process might result in a 
lower ash content in the remaining glucomannan flour. How-
ever, the result of the Dunnett’s test showed that the ash content 
of the treated sample did not show a significant difference from 
that of the control sample (Supplementary Table 1).

Results indicated that the FTC pre-treatments did not 
significantly alter the protein content of glucomannan flour 
(Figure  1C). Moreover, the protein content of glucomannan 
flour obtained in this study was slightly lower than that of glu-
comannan flour obtained by the common extraction method 
(Nurlela et al., 2019, 2020). The protein content of glucomannan 
flour after 2- and 4-day freezing was slightly higher than that of 
the control flour. However, the protein content of glucomannan 
flour from different freezing cycles was not significantly different 
from that of the control sample (P>0.05). These results might in-
dicate that cross-linking and oxidation reactions occur between 
proteins and other substances in the porang matrix during FTC 
pre-treatments (Zhang et al., 2017). These reactions cause the 
protein to bind to those components. Hence, it is difficult to 
be released from the porang matrix during the glucomannan 
extraction process.

Figure 1D shows that the glucomannan content was affected 
by the freezing time and the number of freezing-thawing cycles. 

The highest glucomannan content was obtained from the FTC 
pre-treatments with the longest freezing time and the highest 
freezing-thawing cycles (6 days of freezing time and 4 cycles 
of freezing-thawing). The growth of ice crystals may reach its 
maximum size at the longest freezing time and the highest 
freezing-thawing cycles (Tao et al., 2015). The maximum growth 
of ice crystals may cause the maximum destruction of porang 
matrix, therefore assisting the release of glucomannan during 
the extraction process. FTC treatments may cause disruptions 
of the hydrogen bonds of a matrix, which lead to component 
dissolution and degradation (Feng et al., 2022).

Calcium oxalate is a natural substance that exists in porang 
tuber and causes irritation when it is in contact with the skin 
or tongue (Chairiyah et al., 2016; Noonan, 1999). Therefore, it 
is necessary to remove this substance during the glucomannan 
extraction process. The result shows that the FTC pre-treatments 
did not significantly affect the oxalate content of glucomannan 
flour (Figure 1D). The oxalate content of glucomannan flour 
from FTC pre-treatments ranged from 0.6 to 1.20%, which was 
lower than the previous study (1.35%) (Nurlela et al., 2019). 
Moreover, the result of the Dunnett’s test (Supplementary Ta-
ble 1) indicated that the oxalate content in glucomannan flour 
from the treated samples was not significantly different from 
that of the control sample. This might indicate the calcium 
oxalate is located in the intercellular matrix of porang tissue 
(Chua et al., 2013); therefore, the leaching of calcium oxalate 
during the glucomannan extraction process is not affected by 
the disrupted tissues caused by FTC pre-treatments. 

Results showed that a freezing time of 4 days tended to pro-
duce glucomannan with the lowest starch content (Figure 1F). 
This indicates that 4 days of freezing time is the optimum time 
for ice to grow and disrupt the inter- and intracellular matrix of 
porang (Yu et al., 2022); therefore, the starch easily escapes from 
the broken tissues during the glucomannan extraction process.

Based on the result of this study, it can be summarized 
that the glucomannan flour produced by FTC pre-treatments 
satisfies the standard of glucomannan flour issued by FAO, the 
Professional Standard of the People’s Republic of China and 
the European Food Safety Authority (Table 2). FAO and the 
Professional Standard of the People’s Republic of China classi-
fied glucomannan as a food ingredient, but the European Food 
Safety Authority defined glucomannan as a food additive (FAO, 
1996; Mortensen et al., 2017; Peiying et al., 2002). They specified 
different components and values for glucomannan, especially 
for the impurity’s contents such as protein, ash, and starch (Ta-
ble 2). The impurity content obtained in this study was lower 
than that observed in the previous study (Nurlela et al., 2019, 

Table 2. The components of konjac glucomannan.
Component FAO* Professional Standard of the People’s Republic** European Food Safety Authority*** Our Results
Moisture ≤15% ≤11% – 6.13%–12.07%
Ash ≤5% ≤4.5% ≤2% 0.77%–1.60%
Protein ≤8% –- ≤1.5% 1.42%–2.12%
Starch – – ≤1.5% 0.81%–2.43%
Glucomannan ≥75% ≤70% ≥75% 85.13%–91.16%

*FAO (1996); **Peiying et al. (2002); ***Mortensen et al. (2017).
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2020). Therefore, glucomannan obtained from FTC pre-treat-
ments can be recommended as a food ingredient and additive 
in the food industries. 

3.2. Color

The color of glucomannan flour was significantly influenced 
by the FTC pre-treatments (P<0.05) (Table 3). Increasing the 
freezing time and the number of freezing-thawing cycles tended 
to change the color of glucomannan flour to a light brown. Fur-
thermore, the Dunnett’s test indicated that the treated samples 
tended to have a lighter color than the control sample. In the 
general glucomannan extraction process, the color of gluco-
mannan flour becomes darker during drying (Shenglin et al., 
2020). This is due to the browning reaction between browning 
enzymes, i.e., polyphenol oxidase, which exists in the porang 
tuber (Zhao et al., 2010), and its substrates, which occur in the 
presence of oxygen and at an elevated temperature. During FTC 
pre-treatments, the browning enzymes might be partially de-
stroyed. Thus, the FTC pre-treatment prevents browning re-
actions from occurring during the glucomannan extraction 
process. Finally, the color of glucomannan flour produced from 
FTF pre-treatments can be maintained at a light brown.

3.3. Viscosity and swelling properties

The viscosity of the treated samples is summarized in 
Table 4. The viscosity of the control sample was 21,830 cP 
(Supplementary Table 2), whereas those of the treated samples 
ranged from 1,150 to 9,245 cP. These results indicated that the 
FTC pre-treatments indeed changed the viscosity of the treated 
samples. Generally, as the freezing time and cycle increased, 
the viscosity of the treated samples decreased. The decrease 
in viscosity can be associated with the decrease in molecular 
weight of glucomannan and the alteration of the polydispersity 
index (Ma et al., 2019; Shi et al., 2020a). Moreover, Jiang et al. 
(2018) also emphasize that depolymerization causes a decrease 

in the viscosity of konjac glucomannan. FTC pre-treatments 
may destroy the hydrogen bonds among the glucomannan 
chains, resulting in the degradation of long chains of gluco-
mannan. Finally, the degraded glucomannan chains exhibit 
lower viscosity than the normal glucomannan chains (Feng 
et al., 2022). 

The data on swelling properties, including swelling power 
and swelling capacity, are presented in Table 4. The swelling 
power and swelling capacity of the treated samples ranged from 
2,690 to 4,000% and 48.8 to 53.6 g/mL, respectively. Results in-
dicated that the swelling properties of the treated samples were 
not significantly different from those of the control sample 
(P>0.05), where the swelling power was 4,141.8±305.41% and 
swelling capacity was 52.71±1.37 g/mL (Supplementary Table 2). 
However, the trend shows that the swelling capacity tended 
to rise as the freezing time and freezing cycles were increased 
(Table 3). The swelling capacity of a substance can be associated 
with its hydration capacity, which is mainly correlated with the 
number of hydroxyl groups in molecules (Yang et al., 2021). 
The increase in the swelling capacity of glucomannan gel is 
an indication that a higher amount of water can be entrapped 
within the matrix of glucomannan chains. 

The results showed that the swelling power of the treated 
samples was inclined to increase when the freezing time was 
increased (Table 4). Since swelling power refers to the capability 
of a component to move due to water facilitation (Reshu et al., 
2017), the high swelling power of the treated samples can be an 
indication that more fragments of glucomannan chains move 
and bind with more volume of water. Moreover, Liu et al. (2019) 
reported that FTC pre-treatments have the ability to produce 
porous starch, which shows high swelling power properties. 
In this context, the high swelling power of the treated samples 
might also be caused by the high porosity of the glucomannan 
molecules. Results of the morphological properties (Figure 2) 
showed that the FTC pre-treatments increased the porosity on 
the glucomannan surfaces. 

Table 3. The color of glucomannan.
L a b

F2 F4 F6 F2 F4 F6 F2 F4 F6
S1 62.28±0.01Aa 61.60±0.01Ba 62.06±0.01Ca 7.62±0.01Ac 8.27±0.14Bc 8.14±0.02Cc 14.00±0.01Ad 15.20±0.02Bd 15.56±0.02Cd

S2 63.09±0.00Ab 62.82±0.03Bb 60.78±0.00Cb 7.18±0.01Ab 8.00±0.01Bb 7.79±0.01Cb 13.94±0.01Ac 15.07±0.01Bc 15.00±0.01Cc

S3 64.80±0.01Ac 60.09±0.00Bc 61.39±0.00Cc 6.96±0.02Aa 7.92±.0.02Ba 7.44±0.01Ca 13.86±0.01Ab 14.98±0.01Bb 14.14±0.01Cb

S4 64.74±0.02Ad 61.76±0.02Bd 61.51±0.00Cd 6.96±0.02Aa 7.78±0.02Ba 7.56±0.02Ca 14.19±0.01Aa 14.48±0.01Ba 14.26±0.01Ca

*The average value marked by different letter notations showed a noticeable difference according to further tests of Duncan at a real level of 5%. Capital letter notation is read vertically, 
and lowercase notation is read horizontally; F: freezing time (F2: 2 days, F4: 4 days, and F6: 6 days); S: cycle number (S1: 1 cycle, S2: 2 cycles, S3: 3 cycles, and S4: 4 cycles).

Table 4. Viscosity and swelling properties of glucomannan*.
Viscosity (cP) Swelling Capacity (g/ml) Swelling Power (%)

F2 F4 F6 F2 F4 F6 F2 F4 F6
S1 1,680±8Ac 9,245±191Bc 4,842±178Bc 52.0±1.8Ab 51.7±0.0Bb 51.8±0.1Bb 3,565.0±38.9Ad 3,252.7±84.7Ad 4,000.8±45Bd

S2 1,150±23Ab 4,148±166Bb 4,569±47Bb 49.1±0.1Aa 51.2±0.2Ba 52.1±1.3Ba 3,213.6±154Ac 2,926.8±74.4Ac 3,698.7±29.3Bc

S3 5,580±161Ab 266±0Bb 4,500±0Bb 48.8±0.8Aab 51.2±0.1Bab 53.6±0.4Bab 2,734.2±0.8Ab 3,095.7±47.4Ab 3,346.6±7.2Bb

S4 2,942±246Aa 2,582±202Ba 1,994±65Ba 48.8±0.3Aab 53.3±0.3Bab 51.9±0.0Bab 2,690.3±9.1Aa 2,917.9±146.1Aa 3,040.4±56.7Ba

*The average value marked by different letter notations showed a noticeable difference according to further tests of Duncan at a real level of 5%. Capital letter notation is read vertically, 
and lowercase notation is read horizontally.
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3.4. Morphological properties

The morphological properties of the control and the treated 
samples are exhibited in Figure 2. The surface of the FTC-treated 
sample after 6 days of freezing-1 cycle is almost identical to that 
of the control sample. They showed relatively smooth surfac-
es with globular shapes. Generally, glucomannan molecules 
are located within the matrix of protein, cellulose, starch, and 
the other components building cell walls (Yanuriati & Basir, 
2020). The smooth surface of glucomannan globes can be an 
indication that other components have been released during 
the glucomannan extraction process (Yanuriati & Basir, 2020). 
Figure  2 also indicates that the FTC pre-treatments caused 
damage and fractures on the surface of glucomannan molecules. 
The growth of ice followed by the ice melting repeatedly during 
freezing-thawing cycles has the capability to destroy the micro-
structure of the glucomannan matrix (Liu et al., 2019). Figure 2 
also reveals that increasing the number of freezing cycles caused 
the surface of glucomannan molecules to be more porous and 
rougher. The rough and porous surfaces of the glucomannan 
molecules might cause higher values of the swelling properties 
of the FTC-treated samples than the control samples (Supple-
mentary Tables 1 and 2). 

3.5. Molecular weight distribution

The molecular weight distribution of glucomannan sam-
ples from FTC pre-treatments is shown in Table 5. The results 
showed that the molecular weight reduced at freezing for 2 
and 4 days, and the PDI increased at freezing for 4 and 6 days. 
The PDI of glucomannan from FTC pre-treatment was higher 
than that of untreated glucomannan (Yanuriati et  al., 2017). 
This result implied that the FTC pre-treatments impacted the 
glucomannan chain length. The higher value of PDI indicat-
ed the glucomannan degradation polymer because of the ice 
crystal growth during the freezing process (Feng et al., 2021). 
The growth of ice crystals could randomly destroy the structure 

of glucomannan, resulting in a higher PDI value (Li et al., 2021; 
Liu et al., 2022).

3.6. FTIR Spectra

The FTIR spectra of the control and the FTC-treated sam-
ples are displayed in Figures 3A, 3B, and 3C. It can be seen that 
there are no differences in the patterns of the FTIR spectra of the 
control and the FTC-treated samples. The characteristic peaks 
of O-H stretching, C-H stretching, C=O stretching, C-H bend-
ing, and C-O-C stretching appeared at wavenumbers of 3,276, 
2,880, 1,734, 1,378–1,164, and 1,004 cm-1 , respectively, which 
are similar to those that have been reported for commercial glu-
comannan (Felix da Silva et al., 2020; Kurt & Kahyaoglu, 2017). 
The OH group of glucomannan monomers, including glucose 
and mannose, appeared at 3,200–3,500 cm-1

. Other  identity 
peaks of the monomers, including C-H stretching, C-H bend-
ing, and C-O-C stretching, were detected at 2,880, 1,378–1,164, 
and 1,004 cm-1, respectively, which have also been previously 
reported (Nurlela et al., 2020).

3.7. X-Ray Diffraction

Figure 3D displayed the XRD patterns of the control and the 
FTC-treated samples. All samples exhibited the pattern of amor-
phous structures of glucomannan chains in which no crystalline 
peaks appeared. Since glucomannan molecules are built by the 

Control freezing 6 

days-1 cycle 

freezing 6 

days-2 cycles 

freezing 6 

days-3 cycles 

freezing 6 

days-4 cycles 

freezing 2 

days-1 cycle

freezing 2 

days-2 cycle

freezing 4 

days-1 cycle

freezing 4 

days-2 cycles
Figure 2. Morphological properties of the control and FTC treated samples observed with 500× magnifications.

Table 5. Number-average Mn, Weight-average Mw, z-average Mz 
molecular weights, and poly-dispersity index (PDI) of samples.
Samples Mn (Da) Mw (Da) PDI (Mw/Mn)
Control 7.60 × 105 2.22 × 106 2.93
Freezing (2 days) 5.68 × 105 1.57 × 106 2.77
Freezing (4 days) 4.78 × 105 1.84 × 106 3.85
Freezing (6 days) 9.75 × 105 3.77 × 106 3.87
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Figure 3. FTIR spectra of extracted glucomannan: (A) freezing in 6 days; (B) freezing in 4 days; (C) freezing in 2 days; (D) X-ray diffraction 
patterns of extracted glucomannan.

random entanglements of glucomannan chains, no crystalline 
structures are constructed (Kurt & Kahyaoglu, 2017; Liu et al., 
2019). This result indicated that the FTC pre-treatments did not 
create crystalline structures in glucomannan chains. This result 
also emphasized that the starch granules had been removed 
from the matrix of the control and treated samples during the 
glucomannan extraction process. 

4. Conclusion
The FTC pre-treatment significantly affected the physico-

chemical properties of the glucomannan samples except for 
their protein and calcium oxalate content. Dunnett’s compar-
ative test showed that the ash and glucomannan content and 
the color properties of the treated samples were significantly 
different from the control. The smooth surface of the spherical 
glucomannan molecule becomes more porous due to surface 
damage due to the growth of ice crystals and melting during 
the freezing and thawing processes. Since FTC pre-treatments 
tended to reduce the glucomannan and starch contents, further 

studies are needed to optimize the FTC pre-treatment in order 
to obtain porang flour with high glucomannan and low impu-
rity contents. FTIR spectra and XRD patterns confirmed that 
other components of porang flour besides glucomannan were 
removed from the control and treatment samples during the 
glucomannan extraction process.
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