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of Porang (Amorphophallus muelleri Blume) Flour

SUMMARY

Research background. Porang (Amorphophallus muelleri Blume) contains a high amount
of starch, glucomannan and Ca-oxalate. Soaking porang tuber in acid (citric acid) and salt
(sodium chloride) solutions affects the Ca-oxalate content, functional, rheological and
thermal properties of porang flour. The aim of this study is to thoroughly investigate the
effect of soaking treatments in acid and salt solutions at different temperatures on the
physicochemical, rheological and thermal properties, functional groups, molecular mass
and morphology of porang flour.

Experimental approach. Soaking treatments in acid and salt solutions at different tem-
peratures affect the properties of porang flour. This research investigated the effect of
soaking porang slices in citric acid (5 %) and sodium chloride (8 %) solutions at different
soaking temperatures (25, 55 and 85 °C for 1 h) on the properties of the resulting porang
flour.

Results and conclusions. The results of this study showed that all treatments success-
fully reduced the Ca-oxalate mass fraction in porang flour. The acid treatments reduced
the glucomannan content more than the salt treatments. Soaking in acid solutions also
decreased viscosity, molecular mass and thermal stability of porang flour. When the soak-
ing temperature was increased, the Ca-oxalate mass fraction, molecular mass, viscosity
and thermal stability of the porang flour decreased. The acid and salt treatments did not
change the FTIR patterns. The morphological analysis showed that the acid and salt treat-
ments resulted in particles with rough surface and short crystal needles of Ca-oxalate.
Soaking the porang slices in salt solution at a temperature of 55 °C was the most effective
treatment to reduce the Ca-oxalate content of porang flour while retaining its other qual-
ity parameters.

Novelty and scientific contribution. The results of this study provided a comprehensive
understanding of the effect of soaking porang slices in acid and salt solutions on the prop-
erties of the obtained porang flour. They can be used as scientific evidence on how to treat
the porang slices to obtain the best quality of porang flour.

Keywords: Amorphophallus muelleri Blume; porang flour; soaking in acid solution; salt
solution

INTRODUCTION

Porang has become one of the most widely grown tuber crops in Indonesia in the last
five years. It contains a high amount of carbohydrate groups, such as starch and gluco-
mannan. Yanuriati et al. (1) reported that porang flour contains 79.91 % glucomannan.
Glucomannan is a polysaccharide molecule containing p-glucose and p-mannose, which
are built by 1-4-glycoside bonds with an acetyl group at the C-6 position. Glucomannan
is also categorised as a dietary fibre that can reduce the risk of haemorrhoids, prevent
small pouches in the colon (diverticular disease), regulate cholesterol levels and also help
control blood sugar levels. It is a food additive that is often used as a thickener, tex-
ture-forming or gelling agent, fat replacer and stabiliser (2,3). Therefore, porang flour has
the potential to be developed into a functional food ingredient.
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In addition to glucomannan, porang flour also contains
an undesirable compound, Ca-oxalate, which limits its use as
afood ingredient. Ca-oxalate is typically found in porang tu-
bers, slices and flour at around 15.98, 10.38 and 1.98 %, re-
spectively (4-6). If consumed in large quantities, Ca-oxalate
can cause health problems such as itching, a burning sensa-
tion in the stomach and irritation when it comes in contact
with the skin, mouth and digestive tract. Therefore, efforts
must be made to reduce the Ca-oxalate content in porang
flour so that it can be safely used as a food ingredient.

Previous studies reported that a combined treatment of
soaking in salt solution and heating reduced the Ca-oxalate
content more effectively than either soaking in salt solution
or heating alone (2). The effect of soaking of different types
of tuber crops (cocoyam, Dioscorea dumetorum, taro, wild bit-
ter yam, anchote, sweet potato and potato) in different solu-
tions (potassium disulfite, sodium disulfite, corn infusion and
tamarind infusion) and at different temperatures (70-100 °C)
on the functional properties of their flours was also investi-
gated (7-T17). Treatment with salt and citric acid can increase
the water absorption capacity of tuber flour (9). Adejumo and
Asema (7) and Melese and Keyata (9) found that soaking tem-
perature affects the water absorption capacity, oil absorption
capacity, swelling power and viscosity of tuber flour. Based
on previous studies, soaking with salt and acid affects both
the Ca-oxalate content and the functional properties of tuber
flour, which needs to be further investigated.

Besides affecting the Ca-oxalate content and functional
properties, the addition of acid or salt also changes the rhe-
ological and thermal properties of polysaccharides (712,13).
However, the effects of this treatment on the physicochemi-
cal, rheological and thermal properties of porang flour have
not yet been investigated. Therefore, the aim of this study is
to thoroughly investigate the properties of porang flour
treated by soaking in acid and salt solutions at different tem-
peratures. More specifically, the Ca-oxalate, ash, starch, am-
ylose and glucomannan content, colour (¥, a* b* and AE),
rheological and thermal properties, functional groups, mo-
lecular mass and morphology of porang flour were also in-
vestigated in this study.

MATERIALS AND METHODS

Materials

Porang tubers were obtained from a local farmer in
Subang, West Java, Indonesia. Acid (citric acid) and salt (sodi-
um chloride) for domestic use were obtained from a local
market (Jakarta, Indonesia). Analytical-grade chemicals were
used for the analysis.

Sample preparation

Porang flour was prepared according to Sarifudin et al.
(14). Porang tubers were washed, peeled, sliced and soaked
(m(porang):V(solution)=1:2) in a solution of 5 % citric acid (A)

and 8 % sodium chloride (S) at temperatures of 25, 55 and 85
°Cfor 1 h. To regulate the temperature accurately, a calibrat-
ed thermometer was used to monitor and adjust the heating
setting of the stove (RI-522C; Rinnai, Jakarta, Indonesia) and
to ensure consistent thermal equilibrium in the system. The
control sample (C) was prepared in the same steps, but with-
out soaking in any solutions. The samples were rinsed three
times under running water, dried in a cabinet dryer (type 090;
Jenn Chiang Machinery Works Co., Ltd, Feng Yuan, Taiwan) at
50°Cfor 12 h, ground in a grinder (HR2115; Philips, Batam, In-
donesia) and sieved through 40 mesh. All samples were pre-
pared in triplicate. The sample codes were C for the control/
untreated porang flour; A25, A55 and A85 for the samples
soaked in citricacid at 25, 55 and 85 °C, respectively; and S25,
S55 and S85 for the samples soaked in sodium chloride at 25,
55 and 85 °C, respectively.

Determination of physicochemical properties

Ca-oxalate was determined according to the titration
method (75) with some modifications (in the dilution factor).
The sample (1 g) was placed in a 250-mL Erlenmeyer flask and
mixed with 5 mL HCl (c=6 M) and 95 mL of distilled water. It
was then heated in a hotplate stirrer (SMHS-3; Daihan Scien-
tific, Gangwon-do, South Korea) at 100 °C for 1 h. As much as
125 mL distilled water was added and mixed well with the
sample. After that, the sample was filtered through filter pa-
per (Whatman No. 40). A volume of 30 mL of the filtrate was
then mixed with 120 mL of distilled water and 10 mL of 20 %
H,SO,. Next, it was heated at 85 °C for 5 min with a shaking
water bath (1086; Gesellschaft fur Labortechnik (GFL), Burg-
wedel, Germany). The sample was then immediately titrated
with standardised KMnO, (c=0.05 M) until a faint pink colour
persisted for 30 s. The Ca-oxalate content (in %) was calculat-
ed using the following equation:

w(Ca-oxalate)=(m(Ca-oxalate)/m,)-100 N/

where m, is the mass of the sample (g).

The ash content was determined according to AOAC
method 923.03 (76). The starch content was determined by
direct acid hydrolysis and titration (77). A sample of 0.5 g was
placedina 100-mL glass beaker, 50 mL of distilled water were
added, the mixture was stirred at room temperature for 1 h
and separated using a centrifuge (SL 40R; Thermo Scientific,
Osterode am Harz, Germany) at 1917xg for 15 min. The filtrate
was then discarded and 50 mL of distilled water were added
to the sample and stirred for 1 h. The suspension was filtered
and washed with distilled water to obtain a filtrate volume of
250 mL. A volume of 200 mL of distilled water and 20 mL of
20 % HCl were added to the residue. The mixture was refluxed
for 2.5 h, cooled and neutralised with 30 % NaOH and then 3
% CH,COOH were added. The solution was transferred to a
500-mL volumetric flask, distilled water was added, the solu-
tion was filtered and 25 mL of the filtrate were taken to which
25 mL of Luff-Schoorl solution were added. The mixture was
heated for 10 min, cooled and 10 mL of 20 % Kl and 25 mL of
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25 % H,SO, were added. The solution was titrated with 0.1 M
Na,S,0; until it turned pale yellow. As much as 1 % of starch
was added until the solution turned purplish-blue. The titra-
tion was continued until the purplish blue colour disap-
peared. The amount of 0.1 M Na,S,0; was calculated. Blank
solution was tested by replacing the filtrate with 25 mL dis-
tilled water. Starch mass fraction (in %) was calculated using
the following equation:

w(starch)=0.9-w(glucose) /2/

The amylose content was analysed with a spectropho-
tometer (UV-Vis 1900; Shimadzu Corporation, Kyoto, Japan)
at 620 nm (78). A mass of 100 mg was weighed in a test tube
and 1 mL of 95 % ethanol and 9 mL of 1 M NaOH were added.
The solution was heated in a water bath at 100 °C for 10 min
and cooled for 1 h. The sample was then transferred to a 100-
-mL volumetric flask and diluted to a mark with distilled wa-
ter. After dilution, 5 mL of the solution were transferred to a
100-mL volumetric flask and 1 mL of 1 M CH;COOH and 2 mL
of 2 % |, were added. The solution was then diluted with dis-
tilled water until it reached the volume of 100 mL. It was shak-
en and allowed to stand for 20 min. Then the absorbance was
measured with a spectrophotometer (UV-Vis 1900; Shimadzu
Corporation) at A=620 nm. Potato amylose was used as a
standard. The amylose mass fraction (in %) was calculated us-
ing the following equation:

w(@amylose)=((y(amylose)-V-DF)/m,)-100 /3/

where y(amylose) is the amylose concentration (mg/mL), Vis
the total volume (mL), DF is the dilution factor and m, is the
sample mass (mg).

The glucomannan content of the sample was analysed
according to a method by Peiying et al. (19) with slight mod-
ifications (stirring time). The sample (0.2 g) was added to 50
mL of formic acid-NaOH buffer (pH=3.04) and stirred for 15 h
at room temperature. The mixture was then diluted to 100
mL with formic acid-NaOH buffer in a volumetric flask, fol-
lowed by centrifugation (2504xg, 40 min, SL 40R; Thermo Sci-
entific). The extract (2 mL) was pipetted into a 10-mL volu-
metric flask and 1 mL H,SO, (c=3 M) was added. After that,
the solution was mixed in a vortex mixer (VM-300; Gemmy
Industrial Corp., Taipei, Taiwan) and then heated for 90 min
at 100 °Cin a shaking water bath. The sample was allowed to
cool to room temperature before the addition of 1 mL NaOH
(c=6 M). The solution was then made up to 10 mL with dis-
tilled water to form the glucomannan hydrolysate. The glu-
comannan extract and hydrolysate were subjected to colouri-
metric reactions and distilled water was used as a blank.
About 0.6 mL of 3,5-dinitrosalicylic acid solution was added
to 0.8 mL of the sample. Each mixture was heated for 5 min
in a boiling water bath and cooled to room temperature be-
fore being diluted to 10 mL with distilled water in a volumet-
ric flask. Absorbance was then measured at A=540 nm using
a UV-Vis spectrophotometer (UV-Vis 1900; Shimadzu Corpo-
ration). The glucomannan mass fraction (in %) was calculated
using the following equation:

w(glucomannan)=((DF-f-(5-m,—m,))/m,)-100 /4/

where DF is the dilution factor, f is the correction factor, m, is
the glucose mass in the hydrolysate (mg), m, is the glucose
mass in the extract (mg) and m; is the mass of sample (mg).

Solubility was determined according to Yanuriati et al. (7).
The colour was assessed with a chromameter (NH310; 3NH
Technology, Guangdong, PR China). The colour parameters
including L* (lightness), a* (redness), b* (yellowness) and AE
(total colour difference) were reported.

Fourier transform infrared measurement

The powder of the sample was placed into the Fourier
transform infrared (FTIR) sample compartment. FTIR meas-
urements were carried out using a FTIR (Alpha II; Bruker, Et-
tlingen, Germany) at a resolution of 4 cm™ in the range of
400-4000 cm™.

Molecular mass measurement

The molecular mass distribution was measured using the
gel permeation chromatography (GPC) system (1260 Infinity
II; Agilent Technologies, Waldbronn, Germany) with multiple
detectors, namely a viscometer and a refractive index detec-
tor (Agilent Technologies, Church Stretton, UK). The chroma-
tographic column used PL aquagel-OH mixed-H 8 um 300
mmx7.5 mm (Agilent Technologies, Church Stretton) and the
system was calibrated with polyethylene oxide/polyethylene
glycol (ReadyCal-Kit PEO/PEG; Agilent, Mainz, Germany),
which has a measurement range of M=10*-1.2:10°g/mol. The
mobile phase was a water solution containing 0.02 % NaN;.
The sample was dissolved in water for chromatography (1
mg/mL), stirred for 30 min, centrifuged (SL 40R; Themo Sci-
entific) at 2504xg for 15 min and filtered using Millipore 0.45
um filter (Agilent Captiva Econofilter; Agilent Technologies,
Bejing, PR China). A volume of 20 uL of sample solution was
injected at a constant flow rate of 0.5 mL/min and the col-
umns and detectors were maintained at 35 °C (20). Molecular
mass measurement provides the data of M, (number average
molecular mass), M,,, (mass average molecular mass) and poly-
dispersity index (PDI). M,, M., and PDI were calculated accord-
ing to the following equations:

M.=ZNM/ZN,; /5/

M, =SNMZ/SNM, /6/

where M, is the molecular mass of a chain and N; is the num-
ber of chains of that molecular mass.

PDI=M,,/M, /7/

Thermal measurement

The thermal properties were analysed using a derivative
thermogravimetry (DTG-60; Shimadzu). An empty aluminium
pan was used as a reference. A mass of 5 mg of the sample
was weighed into the pan. The measurement was conducted
using nitrogen gas at a flow rate of 100 mL/min and a heating
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rate of 10 °C/min within a temperature range of 25 to 450 °C.
Thermal measurement provides mass loss, onset tempera-
ture (t,), endset temperature (t), peak temperature (t,) and
enthalpy change (AH).

Rheological measurement

The apparent viscosity was measured according to Yanu-
riati et al. (7). A solution of porang flour of 3 % (m/m) was pre-
pared. The steady shear flow of samples was measured using
a rheometer (HAAKE Mars 40; Thermo Scientific, Karsluhe,
Germany) at a constant temperature of 25 °Cand a shear rate
from 0 to 300 s™'. The measurement was carried out using a
cone and a gap distance of 4 mm (27).

Morphology

The morphology of the samples was determined using a
scanning electron microscope (SEM) (JSM-IT300; JEOL, Tokyo,
Japan) which was operated at 20 kV and magnification of
10 000x%. The samples were placed on a metal stub and coat-
ed with gold.

Statistical analysis

This study used a completely randomised design to eval-
uate the effect of acid and salt soaking treatments on the
properties of porang flour. Each treatment was repeated
three times and physicochemical properties were measured
twice. Data from the treated samples were analysed using
analysis of variance (ANOVA) at a 95 % confidence interval. If
there was a significant difference, the Duncan’s multiple
range test (a=5 %) was conducted. In addition, the data from

the treated samples were statistically compared with the data
from the control samples (without soaking) using Dunnett'’s
test. All data were processed using the SPSS software v. 26
(22).

RESULTS AND DISCUSSION

Physicochemical properties

The physicochemical properties of porang flour are
shown in Table 1. The Ca-oxalate mass fraction ranged from
0.68 t0 2.26 %, which confirmed its reduction by up to 70 %.
The results indicated that soaking in acid and salt solutions
at any temperature significantly reduced the Ca-oxalate con-
tent in porang flour. Moreover, soaking porang slices in salt
solution at 85 °C resulted in porang flour with the lowest
Ca-oxalate (0.68 %). The decrease in Ca-oxalate mass fraction
of porang slices can be due to the increased solubility of
Ca-oxalate during soaking in acid or salt solutions. Agustin et
al. (23) found that low pH solution has the ability to partially
alter water-insoluble Ca-oxalate to water-soluble oxalic acid.
In addition, an ion exchange mechanism may occur during
soaking Ca-oxalate in salt solution, producing water-soluble
sodium oxalate, which is discarded after soaking (2). In addi-
tion, Toshima (24) found that the solubility of Ca-oxalate in
water increases with the increase in temperature.

The ash mass fraction of the samples ranged from 3.16 to
8.2 %. Overall, the soaking treatments affected the ash con-
tent (p<0.05). Acid treatment significantly reduced the ash
mass fraction. The findings of this study are consistent with
earlier research by Trithavisup and Charoenrein (25), who re-
ported that rice flour soaked in a solution of citric acid and
ascorbic acid showed significant decreases in its protein, fat

Table 1. Physicochemical properties on dry mass basis of porang flour obtained by soaking in acid and salt solutions

Parameter
Treatment
w(Ca-oxalate)/% w(ash)/% w(starch)/% w(amylose)/% w(glucomannan)/%

@ (2.26+0.05) (6.26+0.00) (25.3+0.6) (2.940.2) (59.3+2.7)
A25 (1.76£0.03)* (5.4+0.2)* (22.1+0.8)%* (2.9£0.3)* (53.1+1.2)P*
A55 (1.58+0.04)°* (3.16+0.06)** (17.02+0.09)4* (3.16+0.09)* (49.3+£0.9)**
A85 (1.47£0.05)%* (3.30+0.05)** (16.1£0.6)<¢* (4.8+0.3)% (48.7+0.7)**
S25 (1.34+0.02)<* (8.2+0.1)%* (15.2+1.2)<* (4.2£0.1)<* (59.4+0.3)¢
S55 (1.04+0.07)°* (7.92+0.02)4* (13.0+0.7)b* (3.93£0.01)b<* (60.0£1.0)°
S85 (0.68+0.03)** (6.76+0.08)* (9.4+0.7)** (3.7£0.1)b* (58.2+3.3)¢

Parameter
Treatment -
solubility/% L* a* b* AE

C (40.8+1.8) (78.1£0.2) (4.2+0.1) (12.40+0.04) (0.00+0.00)
A25 (25.0+1.3)** (80.4+0.7)¢ (4.9+0.5)° (13.5+1.1)° (4.46+0.04)
A55 (38.3£0.8)° (80.0+0.4)¢ (5.78+0.09)* (16.2£1.2)* (13.0+2.2)¢
A85 (46.7+£3.2)%* (79.26+0.01)° (6.0+0.4)9* (16.3+£0.3)* (10.140.9)P<d
S25 (30.3+1.6)* (74.6+1.2)** (5.5+0.5)b<d* (10.6£0.7)** (7.0+1.7)b¢
S55 (33.3£1.0)>* (75.47+3.03)* (5.1£0.5)bc* (11.2+0.1)? (11.5+3.4)
S85 (43.1£1.6)¢ (77.8+1.4)b¢ (3.3+0.1)* (13.6+1.2)° (1.41+0.04)°

Results are average valuetstandard deviation, N=3. Different letters in superscript in each column indicate that the values are statistically
significantly different (p<0.05). *Statistically significant difference between the treated samples and the untreated sample according to
Dunnett’s test at p<0.05. C=control/untreated porang flour, A25, A55 and A85=soaked in 5 % citric acid at 25, 55 and 85 °C, respectively, S25,
S55 and S85=soaked in 8 % sodium chloride at 25, 55 and 85 °C, respectively
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and ash content. The loss of some molecules such as chemi-
cal or mineral compounds that were dissolved in the water or
acid solutions during treatment may have contributed to the
decrease in the ash mass fraction. On the other hand, salt
treatment tended to increase the ash content. This might be
due to the salt that remained on the surface of the porang
slices during soaking. NaCl reacted and bonded with cell wall
components such as pectin, protein and fat. Therefore, the
salt residues contributed to the high ash content of the po-
rang flour produced by the salt treatment. The results also
showed that porang flour tended to have a lower ash content
when soaked at a higher temperature than at a low temper-
ature (Table 1). This could be due to the higher temperature
assisting the salt leaching from the sample surface during
soaking. Ayele et al. (26) reported that cooking at high tem-
peratures reduced the ash content of yam and taro tubers.

Glucomannan is a desirable component of the porang
tuber, while other components are considered impurities, in-
cluding ash and starch. Table 1 shows that the glucomannan
mass fraction of the samples ranged from 48.7 to 53.1 % and
58.2 10 60.0 % in the samples soaked in acid and salt, respec-
tively. The results show that the samples treated with acid
had a lower glucomannan mass fraction than the control
sample. Soaking in acid may cause degradation of the poly-
saccharide chains, which results in the release of short frag-
ments of glucomannan chains into the medium, thereby de-
creasing the glucomannan content of acid-treated samples
(27). The results also showed that a higher soaking tempera-
ture leads to a lower glucomannan mass fraction of the ac-
id-treated samples (Table 1). This result could be due to more
intense hydrolysis at higher temperatures, so glucomannan
molecules in the sample matrix diffused into the soaking me-
dium. Higher temperatures improve the solubility of polysac-
charides and increase their diffusion coefficient (27,28). As a
result, polysaccharide molecules can more easily escape from
the entrapped matrix at high temperatures (28).

Table 1 shows that the starch and amylose mass fraction
of porang flour from the treatments ranged from 9.4 to 25.3
% and from 2.9 to 4.8 %. The results showed that all treat-
ments significantly reduced the starch content and increased
the amylose content of porang flour. Acids have the ability to
hydrolyse glycosidic bonds by a rapid attack in the amor-
phous region and the slower attack in the amylopectin frac-
tion in the crystalline region (29). As a result, the starch in the
porang slices was released into the solution, reducing the
starch content. Acid hydrolysis has the ability to break the
glycosidic bonds along the polysaccharide chains, including
amylose and amylopectin chains, increasing the amylose con-
tent. Soaking in salt leads to a loss of starch because the pres-
ence of salt can accelerate the breakdown of starch by inter-
acting directly with the starch granules or indirectly by
speeding up the caramelisation, which leads to acidity and
destruction of granules (72). Salt increases the amylose con-
tent of porang flour because it is able to dissociate and gen-
erate energy, which causes the amylose to break down and
form a considerable amount of short amylose (30).

The solubility of the treated porang flour samples ranged
from 25.0 to 46.7 %. The results showed that the porang flour
treated with acid had a higher solubility value than the sam-
ples treated with salt. The soaking in acid could cause hydrol-
ysis of polymer chains of glucomannan and starch (27,37) in
the matrix of porang flour. Acid treatment also causes a de-
crease in the molecular mass of complex carbohydrates and
increases the solubility (32). Moreover, increasing tempera-
ture causes a higher hydrolysis reaction rate (33). Therefore,
the higher soaking temperature in acid and salt solution in-
creased the solubility of porang flour (Table 1). Since heating
weakens the structure of hydrogen bonds and allows water
to seep through the insoluble starch, some of the starch
breaks down and becomes soluble. Because the starch gran-
ules have a high amylopectin content, the hydrogen bonds
can be easily broken, increasing the solubility values (34).

The effect of immersing porang slices in acid and salt
solutions on their colour is shown in Table 1. The colour pa-
rameter showed that soaking the porang slices in acid solu-
tions resulted in porang flour with a lighter colour than the
control samples. This could be due to the ability of citric acid
to minimise the browning effects that occur when sliced tu-
bers are exposed to air (35). Citric acid acts as a chelating
agentand binds all metals that accelerate browning reactions
(36). Soaking porang slices in a salt solution reduced the light-
ness of the porang flour compared with the control samples.
This result is consistent with the study by Moreau etal. (12).In
addition, the results showed that soaking porang slices at
higher temperatures resulted in porang flour with a lighter
colour than soaking at room temperature (Table 1). It is pos-
sible that the browning enzymes present in the porang tuber
are inactivated when the porang slices are soaked at high
temperature (37). Therefore, porang flour produced at high
soaking temperatures tended to have a light colour, especial-
ly sample S85. The S85 sample also had low AE, indicating
that the colour characteristics of the porang flour after the
treatment are is similar to the control. The AE is calculated by
comparing the difference between the L*, a* and b* values of
the treated sample and the control.

Fourier transform infrared spectroscopy

FTIR is used to analyse both organic and inorganic sub-
stances. It serves for qualitative evaluation, by recognising
functional groups through the presence of prominent peaks
and their arrangement, and for quantitative evaluation, by
measuring the compound absorption intensity at specific
wavenumbers. FTIR can be used to analyse Ca-oxalate com-
pounds in porang flour. Fig. 1 shows the spectra of porang
flour at wavenumbers 400-4000 cm™. Acid, salt and temper-
ature treatments did not change the FTIR spectrum pattern
of porang flour, but they changed the intensity of several
functional groups. The FTIR spectrum pattern of porang flour
from this study was similar to that of konjac glucomannan
flour according to Wang et al. (38). Porang flour had a broad-
band at a wavenumber of 3000-3700 cm™', which indicates
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Fig. 1. IR patterns of porang flour obtained by soaking in acid and salt solutions. C=control/untreated porang flour, A25, A55 and A85=soaked in
5 % citric acid at 25, 55 and 85 °C, respectively, S25, S55 and S85=soaked in 8 % sodium chloride at 25, 55 and 85 °C

the presence of O-H stretching of glucose and mannose glu-
comannan. N-H stretching was also observed between 3000
and 3700 cm™, indicating proteins (39,40). The peak observed
atapprox. 1000 cm™ corresponds to the stretching vibration
of the C-O-Cbond, which is consistent with the results report-
ed by Azhar et al. (47). Porang flour also showed a peak at a
wavenumber of 2925 cm™, which indicates a symmetric and
asymmetric stretching vibration of the alkane group. A strong
peak at 1600-1700 cm™ indicates the presence of a carbonyl
group (C=0) corresponding to C=0 from oxalate and gluco-
mannan (39,42). The peak at a wavenumber of 820 cm™
showed the characteristics of a mannose peak. The peak at a
wavenumber around 2300 cm™ indicated O=C=0 stretching
(42).

Molecular mass distribution

The gel permeation chromatography (GPC) chromato-
grams of the untreated and treated porang flour are shown
in Fig. 2, and the molecular properties associated with the
GPC profile are shown in Table 2. The GPC chromatograms
(Fig. 2) show that the control and treated samples had sever-
al peaks. The samples used for GPC were dissolved in water
and therefore contained only certain sizes of polymers, oli-
gomers and monomers. The peak at about 12-13 min repre-
sented the glucomannan polymer peak and the next peaks
represented monomers and low-molecular-mass oligomers.
The chromatograms showed that the control samples and the
samples treated with salt contained high-molecular-mass
polymers and small amounts of monomers or low-molecu-
lar-mass oligomers. This result is consistent with a previous
study showing that hydrolysis of glucomannan produces a
group of oligosaccharide peaks representing smaller mole-
cules, such as reducing sugars (43). This indicated that the salt
treatment converted only a small amount of glucomannan
polymers into shorter oligomers. However, the acid-treated
samples had a chromatogram in which the peaks for the
high-molecular-mass polymers and several sizes of oligomers
appeared in a relatively larger amount. This was thought to

be due to the degradation of the glucomannan polymer
chain. These results led to better homogeneity in the salt-
-treated samples than in acid-treated samples, which was
consistent with their M, and polydispersity index (PDI) values.
The peaks also increased with an increase in soaking temper-
ature, resulting in a higher PDI.

Table 2 shows the molecular mass distribution of the first
peak of the samples. The number of average molecular mass
(M,) and the mass of average molecular mass (M,,) of control
and treated samples ranged from 751 000 to 1 550 000 g/mol
and from 932 000 to 1 790 000 g/mol, respectively. Ojima et
al. (13) and Su et al. (44) found that the glucomannan flour
treated with citric acid undergoes the degradation of glyco-
side bonds in the glucomannan molecules. This degradation
is intensified by increasing the treatment temperature (47).
The acid treatment led to grater destruction of the molecules
during acid hydrolysis, resulting in short fragments of poly-
saccharide chains. The effect of NaCl could be explained by
the strength of the chloride ion when interacting with water
and its ability to precipitate polysaccharides. Hofmeister
found that anions follow a certain order (SO2">F>Cl™>
Br>NO;>CIO;>I">SCN") in their ability to precipitate poly-
saccharides. Anions on the left side of the series are called
salting-out salts due to their strong interaction with water
molecules, while right-side anions are called salting-in salts.
NaCl has salting-out properties, so the ions of NaCl in the
soaking solutions affect the interaction between the starch/
glucomannan and water molecules. NaCl strengthens the
polysaccharide-water molecular bond in the matrix of po-
rang (45). The higher the temperature, the more Na* and CI-
ions diffuse into the matrix of porang slices. This reduces the
leaching of polysaccharide molecules into the medium. At a
temperature above 60 °C, it was observed that the tempera-
ture changed from the gel properties to the solution (27,46).
It was suggested that higher glucomannan leaching at a
soaking temperature of 85 °C resulted in a lower glucoman-
nan content at this temperature. The lack of degradation of
the glucomannan polymer chain resulted in a lower number
of polymers with a certain molecular mass (M), so the M,
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Fig. 2. Gel permeation chromatograms of: a) control and acid treatment, and b) salt treatment. C=control/untreated porang flour, A25, A55 and
A85=soaked in 5 % citric acid at 25, 55 and 85 °C, respectively, S25, S55 and S85=soaked in 8 % sodium chloride at 25, 55 and 85 °C, respectively

values of the salt-treated samples were lower than of the ac- The PDI value of the control samples, as shown in Table 2,
id-treated samples, which contributed to the decrease in is 1.35, while the acid- and salt-treated samples are between
their M,, values. In addition, Moreau et al. (12) observed that 1.23and 1.34 and 1.16 and 1.24, respectively. The acid-treated
the addition of NaCl to starch triggered starch degradation samples showed a higher PDl value than the salt-treated sam-
at high temperatures and reduced the M, and M,, values of ples, which increased with the soaking temperature. Gen-
starch. erally, high PDI was attributed to the degradation of the
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Table 2. Molecular mass distribution in porang flour obtained by
soaking in acid and salt solutions

s Molecular mass distribution

€

=

"‘,__J M., /(g/mol) M.,./(g/mol) PDI

C (1010000+76100) (751000+25700) (1.35+0.15)
A25 (1180000+162000)*  (959000+76700)°*  (1.23+0.07)%*
A55  (1530000+140000)° (1230000+38000 )¢ (1.24+0.08)**
A85 (1070000+648000)**  (804000+88900)*  (1.34+0.07)**
S25  (1560000+106000)®  (1260000+384000)¢  (1.24+0.09)**
S55  (1790000+165000)° (1550000+27100)¢ (1.16x0.09)>*
S85  (932000+144000)** (790000+77600)*  (1.18+0.07)**

Results are average valuetstandard deviation, N=2. Different letters
in superscriptin each column indicate that the values are statistically
significantly different (p<0.05). *Statistically significant difference
between the treated samples and the untreated sample according
to Dunnett’s test at p<0.05. C=control/untreated porang flour, A25,
A55 and A85=soaked in 5 % citricacid at 25, 55 and 85 °C, respectively,
S25,S55 and S85=soaked in 8 % sodium chloride at 25, 55 and 85 °C,
respectively. PDI=polydispersity index

polymer chains. This is thought to be due to the degradation
of polysaccharide chains to shorter polysaccharide chains.
The lower PDI of the salt-treated samples could be due to the
rearrangement of polysaccharide chains, which increased
with increasing temperature (47). Therefore, soaking in acid
reduced the homogeneity of the molecular chains of porang
flour and was enhanced by the increase in temperature, while
soaking in salt solution increased the homogeneity.

Thermal properties

The thermal properties of the control and treated sam-
ples are listed in Table 3. The curves of differential thermal
analysis (DTA) and thermogravimetric analysis (TGA) are
shown in Fig. 3a and Fig. 3b, respectively. The thermogram
of the samples showed two different peaks, which is consist-
ent with previous studies on glucomannan (47). The first peak
observed in the samples occurred at around 100 °C and was
identified as an endothermic peak. This peak was attributed
to the removal of free or bound water from the samples. The
last peak showed an exothermic peak in the temperature
range of 235.13 to 342.75 °C (Table 3). This peak can be

attributed to the breakdown reaction and chain fragmenta-
tion of the polysaccharides.

The thermogravimetric curves in Fig. 3b also show two
mass losses that correspond to their DTA curves. The first
mass loss at the endothermic peak of around 100 °C was from
2 to 6 % (the mass loss around 100 °C is mainly due to water
loss). The control and acid-treated samples lost more mass
than the salt-treated samples, suggesting their lower wa-
ter-holding capacity. The mass loss at the exothermic peak of
the control and treated samples was 41.32 % and ranged from
35.34 to 67.49 %, respectively, as shown in Table 3. The mass
loss of the control sample was attributed to many organic
components such as glucose, protein and polysaccharides
that were present in the control sample (27). The salt-treated
samples had alower mass loss than the acid-treated samples.
The acid treatment shortened the molecular chains so that
they could decompose more easily. Increasing the soaking
temperature led to an increase in mass loss, especially at a
soaking temperature of 85 °C, which was consistent with the
molecular mass results. Therefore, the soaking in salt solution
improved the thermal properties of porang flour better than
soaking in acid solution based on the mass loss.

Table 3 shows the thermal properties of the decomposi-
tion process of the samples (exothermic peak). The onset (t,),
peak (t,) and endset (t.) temperatures of the samples ranged
from 235.1 to 316.29 °C, from 281.56 to 342.75 °C and from
306.0 to 364.5 °C, respectively. The increase in t, and t, of the
treated sample shows that they are more thermally stable
than the control sample. This is related to the removal of
some impurities (Ca-oxalate and starch) due to the soaking
treatment. In addition, salt-treated samples showed lower
thermal properties (t,, t, and AH) than the acid-treated sam-
ples. The addition of NaCl observed by Moreau et al. (12) re-
duced the crystallinity of the starch granules. The low crys-
tallinity of the sample reduces the exothermic peak
temperature of the polysaccharide (48).

Rheological properties

Viscosity is an important property of hydrogel materials
such as glucomannan. The apparent viscosity and shear stress
of control and treated samples at different shear rates are

Table 3. Thermal properties of porang flour obtained by soaking in acid and salt solutions

Thermal property

Treatment

Mass loss/% t,/°C t,/°C t./°C AH/(cal/q)

C (41.3+1.3) (246.4+0.7) (304.24+0.00) (320.0+0.1) (137.9+11.9)
A25 (42.0+0.4)¢ (272.5£0.4)<* (310.66+0.00)* (351.0£6.5)<* (224+20)4*
A55 (39.5£0.3)¢ (316.29+0.00)* (342.75+0.00)"* (364.5+£0.4)<* (159.3£5.2)°
A85 (67.5+0.8)°* (275.0£0.1)* (312.51+0.00)* (332.58+0.04)°* (81.314.1)0%
S25 (36.2+0.4)20* (235.1£1.8)** (300.3%1.6)° (3221741.0)° (72.1£5.8)b%
S55 (35.3+£0.2)** (272.3£6.1)°<* (288.74+0.00)°* (306.0+1.3)** (39.2+£5.9)**
S85 (36.8+0.9)>* (264.2+5.6)>* (281.56+0.00)** (307+12)° (40.7+0.8)**

Results are average valuexstandard deviation, N=3. Different letters in superscript in each column indicate that the values are statistically
significantly different (p<0.05). *Statistically significant difference between the treated samples and the untreated sample according to
Dunnett’s test at p<0.05. C=control/untreated porang flour, A25, A55 and A85=soaked in 5 % citric acid at 25, 55 and 85 °C, respectively, S25,
S55 and S85=soaked in 8 % sodium chloride at 25, 55 and 85 °C, respectively. t,, t,and t.=onset, peak and endset temperature, respectively
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Fig. 3. The curves of: a) differential thermal analysis (DTA), and b) thermogravimetric analysis (TGA) of porang flour obtained by soaking in acid
and salt solution. C=control/untreated porang flour, A25, A55 and A85=soaked in 5 % citric acid at 25, 55 and 85 °C, respectively, S25, S55 and

S85=soaked in 8 % sodium chloride at 25, 55 and 85 °C, respectively

shown in Fig. 4. The bar chart in Fig. 4a shows the apparent
viscosity at a constant shear rate of 12 rpm. Fig. 4a also shows
that the apparent viscosity decreased with increasing shear
rate and demonstrates typical shear thinning behaviour. Fig.
4b shows that the shear stress increased with increasing shear
rate for all samples. This behaviour can be explained by the

breakdown of the network of entangled polysaccharide mol-
ecules during the shearing process. At a low shear rate, the
viscosity does not change much with increasing shear rate,
and the force required to break this entanglement is also low.
At high shear rates, however, with the increase in shear rates,
the rate at which the polysaccharide molecules disentangle
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is greater than their re-entanglement rate. Therefore, the in-
termolecular resistance to flow decreases and the viscosity
becomes lower (27). The high disentanglement rate of the
polysaccharide molecules requires higher shear stress.
Fig.4a shows that the viscosity of the salt-treated samples
is higher than that of the acid-treated samples. In the Hof-
meister series, NaCl can have the strength of salting out in the
middle, depending on the concentration. The increase in vis-
cosity can be attributed to the conformational change of glu-
comannan molecule triggered by NaCl. The electrostatic ef-
fect of the NaCl ions increases the expansion of glucomannan
molecules, leading to a subsequent increase in the viscosity
of the glucomannan solution (49,50). Zhang et al. (50) also re-
ported that the viscosity of the starch-glucomannan mixture
increases at NaCl concentrations higher than 0.1 mol/L.
Moreover, higher soaking temperatures resulted in sam-
ples with lower viscosity values, with the exception of sample
S55. The apparent viscosity of the samples soaked in acid
solution at temperatures of 55 and 85 °C changed. They tend-
ed to show a constant value regardless of the shear rate and
behaved like a Newtonian fluid. Soaking the porang tubers
in acid solution at higher temperatures may destroy polysac-
charide molecules during acid hydrolysis, resulting in more
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Fig. 4. Determination of: a) apparent viscosity (1), and b) shear stress
(1) of porang flour obtained by soaking in acid and salt solutions. C=
control/untreated porang flour, A25, A55 and A85=soaked in 5 % cit-
ric acid at 25, 55 and 85 °C, respectively, S25, S55 and S85=soaked in 8
% sodium chloride at 25, 55 and 85 °C, respectively

short-chain polysaccharides, as shown in Table 2. Further-
more, increasing the temperature of NaCl solution increased
the viscosity of the samples. However, at the soaking temper-
ature of 85 °C, the viscosity of the samples decreased. This is
related to the glucomannan and ash mass fraction in sample
$85, which was lower than in samples S25 and S55 (indicating
the amount of NaCl deposited) in Table 1. Therefore, soaking
the porang tubers in a salt solution, especially at 55 °C (S55),
resulted in better rheological properties than those of an acid
solution.

Morphology of porang flour

The morphology of porang flour is shown in Fig. 5. Native
porang flour (C) has a smooth surface, while the treated sam-
ples have a slightly rough surface, as shown by the red arrow
in Fig. 5. The acid and salt treatments caused damage, as
shown by the irregular surface of the porang flour. The acid
treatment caused the granule surface to become irregular
and eroded due to their corrosion properties (57,52). Treat-
ment with acid at a high temperature (85 °C) showed that the

Fig. 5. Morphology of porang flour obtained by soaking in acid
and salt solutions. C=control/untreated porang flour, A25, A55 and
A85=soaked in 5 % citric acid at 25, 55 and 85 °C, respectively, S25,
S55 and S85=soaked in 8 % sodium chloride at 25, 55 and 85 °C, re-
spectively
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surface of the samples became rougher, as shown in Fig. 5.
Su et al. (44) also observed that the surface structure of the
glucomannan particles had a slightly roughened surface and
a small indentation caused by the addition of citric acid at 60
°C, probably due to citric acid absorption on glucomannan
particles.

Further analysis showed that the porang flour samples
contained a lot of needle-shaped or raphide Ca-oxalate crys-
tals, as shown by the blue arrow in Fig. 5. The treatment with
acid or salt shortened the needle-shaped crystals of Ca-oxa-
late compared to the control, resulting in a reduction of
Ca-oxalate crystals in the porang flour. Soaking the tubers of
Xanthosoma sagittifolium in acetic acid caused the Ca-oxalate
crystals to separate microscopically and reduce in number
(23). In Fig. 5, an increase in the soaking temperature also
caused a reduction in Ca-oxalate crystals. This was confirmed
by a decrease in the Ca-oxalate mass fraction in the porang
flour (Table 1). Similar results were obtained by Kumoro et al.
(53), who indicated that thermal deterioration, the synergistic
effect of leaching and the thermally labile properties of
Ca-oxalate were the causes of the reduction of Ca-oxalate
crystals during high-temperature treatment in salt solution.
The treatment at high temperature in acid and salt solutions
causes granule damage, which facilitates the removal of
Ca-oxalate crystals in porang flour.

CONCLUSIONS

Soaking of porang slices in acid and salt solutions at dif-
ferent temperatures (25, 55 and 85 °C) affects the properties
of porang flour. The properties of porang flour soaked in salt
were better than those of the flour soaked in acid, such as
lower Ca-oxalate, starch mass fraction, thermal properties
and higher glucomannan mass fraction and viscosity. Salt
treatment at 55 °C is considered to be the most effective, as
it leads to a low Ca-oxalate content and the highest gluco-
mannan content and viscosity. In addition, this treatment re-
sulted in the lowest polydispersity index and mass loss (ther-
mal properties). Based on morphological observations, the
shortened needle-shaped Ca-oxalate crystals indicated a re-
duction of the Ca-oxalate crystals.
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