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Abstract. Porang (Amorphophallus oncophyllus) is a type of tuber widely planted in Indonesia. It
has a high glucomannan content, but its use is limited due to its high calcium oxalate content.
However, it has previously been shown that the maceration of porang with the ethanolic extract of
Strobilanthes crispus (SC) can serve to reduce its calcium oxalate content. This study sought to
determine the impact of sieving in combination with ethanolic extract of SC maceration on the
calcium oxalate levels, glucomannan levels, and antioxidant activities of different sized particles of
porang. The calcium oxalate levels were analyzed by means of the atomic absorption method, whereas
the glucomannan levels were determined based on the yield of glucomannan derived from the
ethanolic extraction process. The porang particles were then analyzed to assess their antioxidant
activities using DPPH (1,1-diphenyl-2-picrylhydrazyl). The particles were grouped into six in
different particle size and maceration: AX (particle size of <40 mesh; maceration of X brand SC), AY
(particle size of <40 mesh; maceration of Y brand SC), AN (particle size of <40 mesh; no maceration),
BX (particle size of >40 mesh; maceration of X brand SC), BY (particle size of >40 mesh; maceration
of Y brand SC), and BN (particle size of >40 mesh; no maceration). The results revealed that porang
with a particle size of <40 mesh that was macerated with SC exhibited lower calcium oxalate levels
and higher glucomannan levels than porang with a particle size of >40 mesh. The antioxidant activity
of the porang decreased after maceration with the ethanolic extract of SC.

1. Introduction
Diabetes mellitus (DM) is a cause of death worldwide, and its prevalence is known to be increasing. Thus,
various efforts have been made by the Indonesian government to reduce the prevalence of DM, ranging from
the procurement of low-cost drugs to the funding of various studies. Herbal therapy and the use of functional
food diets or food medicines (nutraceuticals) have been suggested as affordable alternatives to established
DM treatment, and such alternatives are expected to been associated with only minimal side effects [1].

Porang (Amorphophallus oncophyllus) contains glucomannan that is potential as a functional food [2].
Glucomannan is a water-soluble polysaccharide known to have many health benefits, including lowering the
blood glucose level [3]. However, the use of pure glucomannan remains rare due to its high cost. In the case
of Indonesia, there is limited factory capacity with regard to the production of glucomannan, which means
that it must be imported from abroad. Rough porang has been suggested as an alternative means of sourcing
consumable glucomannan with an equivalent function to the factory-produced variety. Yet, the use of porang
is currently limited because it contains calcium oxalate, which is an irritant and might to be a risk of kidney
stone formation and kidney failure [4]. It has also been found to increase the creatinine and blood urea levels
in rats [5,6].

Several attempts have been made to decrease the amount of calcium oxalate in porang, including the use
of stamp mills, fractionation blowers, ball mills, and chemicals such as sodium chloride, ash, and ethanol [8]
[9][10] [11]. The use of a herbal method—that is, maceration with an ethanolic extract—represents another
means of reducing the calcium oxalate content of porang. Indeed, prior studies have shown that it is more



effective than the use of ethanol alone [6]. The lowest level of calcium oxalate achieved in this way was
0.5% according to Indonesia Patent Registration Number S00202006668.

The maceration of porang with Strobilanthes crispus (SC) was investigated in a study involving
hyperglycemia-induced rats, with the results proving that it was able to lower the rats’ blood glucose levels
to a greater extent than the provision of porang flour without maceration. In addition, maceration with SC
has also been found to reduce blood glucose levels to an extent equivalent to the use of the commercial drug
glibenclamide [7]. The mechanism behind the decrease in the blood glucose level was suggested to be
associated with the SC fiber being able to absorb water up to 100 mL/g and form a viscous fluid [8], thereby
prolonging satiety and potentially decreasing absorption of food or nutrient in the blood and small intestine.
The decreased of glucose and secretion of insulin led to an improvement in insulin sensitivity and the
protection of pancreatic structure in histopathological observation [1].

The effect of maceration with the ethanolic extract of SC on the glucomannan level and antioxidant
activity of porang has not previously been investigated. Thus, the present study sought to determine its effect
on the calcium oxalate levels, glucomannan levels, and antioxidative activities of different particle sizes of
porang.

2. Methods

2.1. Production of porang macerated with SC

The porang utilized in this study was purchased in the form of dried chips from a farmer who is a member
of the Porang Nusantara Activist Association branch of Boyolali, North Java, Indonesia. It was then ground,
floured, and macerated with an ethanolic extract of SC in accordance with the procedure set out in Patent
Registration Number S00202006668 [9]. The porang was grouped into six in different particle size and
maceration: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh,;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of >40 mesh; maceration of Y brand SC), and BN (particle
size of >40 mesh; no maceration).

2.2. Measurement of the calcium oxalate levels, glucomannan levels, and antioxidative activities

The calcium oxalate levels of the porang samples were measured by approximating the total calcium content
of each sample using the atomic absorption spectrometer (AAS) (GBC Scientific Equipment Ltd-932 Plus
AAS) method [10]. The glucomannan levels were analyzed by calculating the glucomannan yield (i.e.,
percentage of glucomannan produced from porang flour) that was extracted from each sample using ethanol
according to a previously described procedure [2]. Moreover, the antioxidative activities of the samples were
measured by means of a 2,2-diphenyl-1-picrylhydrazyl free radical scavenging assay (DPPH assay) [11].

3. Results and Discussion

3.1. Calcium oxalate levels

The use of maceration treatment in combination with sieving yielded different particle sizes, which had a
significant effect on the achieved decrease in the calcium oxalate level (p<0.05). More specifically, the
calcium oxalate levels appeared to be lower in the macerated porang samples of <40 mesh (AX, AY, and
AN) than in those of >40 mesh (BX, BY, and BN) (p<0.05). This result was comparable with the results of
other studies that showed a decrease in the calcium oxalate levels after sieving with cyclone separator [12].
In addition, maceration with the ethanolic extract of SC resulted in slightly lower calcium oxalate levels
when compared with the absence of maceration. This finding differed from the results of previous studies,
which showed that maceration with the ethanolic extract of SC declined the levels of calcium oxalate in
porang in comparison with maceration solely in ethanol solvent [6] [9]. However, maceration with the
ethanolic extract of SC has previously shown greater antidiabetic potency, which was found to be equivalent
to that of commercial glibenclamide rather than that of porang without maceration in a study involving rats
[7]. This study used two kinds of SC that could be used in industry. This combination of treatments also
resulted in lower calcium oxalate levels than other treatments, such as cyclone separator which resulted in
3.97% - 5.71% of calcium oxalate [12].
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Figure 1. Calcium oxalate levels of differently treated porang samples: AX (particle size of <40 mesh;
maceration of X brand SC), AY (particle size of <40 mesh; maceration of Y brand SC), AN (particle size of <40
mesh; no maceration), BX (particle size of >40 mesh; maceration of X brand SC), BY (particle size of >40
mesh; maceration of Y brand SC), and BN (particle size of >40 mesh; no maceration). Various letters
demonstrate dissimilarity between groups (p<0.05).

3.2. Glucomannan levels

Table 1 shows how the different particle sizes and maceration with the ethanolic extract of different brands
of SC affected the glucomannan levels of the porang samples (p<0.05). The highest glucomannan levels
were seen in the AN group, although they were significantly different from those in the AY group. In prior
studies, it was found that the glucomannan levels were influenced by the concentration of ethanol and the
solvent/porang ratio [13]. However, the purification of porang by means of the physical grinding method
could increase its glucomannan level [14]. In this study, the use of sieving reduced the impurities in the
porang flour, as calcium oxalate is generally a light fraction or small-sized component [12].

Table 1. Glucomannan levels of differently treated porang sample

Treatments Glucomannan levels (%)
AX 57.4+3.7b
AY 64.5+10.9bc
AN 70.9+2.26¢
BX 51.2+0.9ab
BY 42.0+4.8a
BN 43.8+1.9a

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of >40 mesh; maceration of Y brand SC), and BN (particle
size of >40 mesh; no maceration). Various letters demonstrate dissimilarity between groups (p<0.05).

3.3. Antioxidative activities

An antioxidative activity analysis was only performed on the macerated porang samples with a particle size
of <40 mesh, as those samples had been shown to have lower calcium oxalate levels and higher
glucomannan levels than the samples with a particle size of >40 mesh (see Table 1 and Figure 1). Table 2
describes the antioxidative activities of the macerated porang samples with various treatments. The results
showed that the control group had the highest antioxidant activity (which was not subjected to sieving and
soaking treatment) (p<0.05). This finding could not prove the increase of antioxidant compounds from the
ethanolic extract of SC to the porang, as the ethanolic solvent was rinsed twice after the maceration
process. SC was found to have many antioxidant compounds, including polyphenol, catechin, alkaloid,



caffeine, tannin, and vitamin (C, B1, and B2) compounds [15]. The SC maceration treatment actually caused
the natural antioxidant compounds in the porang flour to be wasted, possibly due to the washing of the
ethanol, which is an organic solvent capable of extracting non-polar compounds, especially antioxidants
[16]. Therefore, the maceration of porang with ethanol could decrease the antioxidative activity of porang
and may not be suggested. It needs more study to select the right type of solvent to get high antioxidant
activity. The high antioxidant activity in porang is potential its uses as functional food in maintaining of
health.

Table 2. Antioxidative activities of differently treated porang samples

Treatments Antioxidative activities
(%)
AX 25.610.2a
AY 16.8+0.2b
AN 57.2+0.2c
CT 65.2+0.2d

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), CT (control, porang without
treatment). Various letters demonstrate dissimilarity between groups (p<0.05).

4. Conclusion
This study found that sieving treatment combined with maceration with the ethanolic extract of SC affected

the calcium oxalate and glucomannan levels of porang flour. More specifically, the porang samples with a
particle size of >40 mesh exhibited lower calcium oxalate levels and higher glucomannan levels. However,
the combination of the two treatments significantly reduced the antioxidant activity of the porang flour.
The further study is needed to find the right solvent of SC that may decrease calcium oxalate in porang and
maintaining its antioxidative activity.
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Abstract. Porang (Amorphophallus oncophylius) is a type of tuber widely planted in Indonesia. It
has a high glucomannan content, but its use is limited due to its high calcium oxalate content.
However, it has previously been shown that the maceration of porang with thjthanolic extract of
Strobilanthes crispus (SC) can serve to reduce its calcium oxalate content. This study sought to
determine the impact of sieving in combination with ethanolic extract of SC maceration on the
calcium oxalate levels, glucomannan levels, and antioxidant activities of different sized particles of
porang. The calcium oxalate levels were analyzed by means of the atomic absorption method,
whereas the glucomannan levels were determined based on the yield of glucomanmf@h derived from
the ethanolic extraction process. The porang particles were then analyzed to assess their antioxidant
activities using DPPH (1,1-diphenyl-2-picrylhydrazyl). The particles were grouped into six groups
in different particle size and maceration: AX (particle size of <40 mesh; maceration of X brand SC),
AY (particle size of <40 mesh; maceration of Y brand SC), AN (particle size of <40 mesh; no
maceration), BX (particle size of >40 mesh; maceration of X brand SC), BY (particle size of >40
mesh; maceration of Y brand SC), and BN (particle size of =40 mesh; no maceration). The results
revealed that porang with a particle size of <40 mesh that was macerated with SC exhibited lower
calcium oxalate levels and higher glucomannan levels than porang with a particle size of >40 mesh.
The antioxidant activity of the porang decreased after maceration with the ethanolic extract of SC.

1. Introduction
Diabetes mellitus (DM) is a cause of death worldwide, and its prevalence is known to be increasing. Thus,
various efforts have been made by the Indonesian government to reduce the prevalence of DM, ranging from
the procurement of low-cost drugs to the funding of various studies. Herbal therapy and the use of functional
food diets or food medicines (nutraceuticals) have been suggested as affordable alternatives to established
DM treatment, and such alternatives are expected to been associated with only minimal side effects [1].
Porang (Amorphophallus oncophyllus) contains glucomannan that is potential as a functional food [2].
Glucomannan is a water-soluble polysaccharide known to have many health benefits, including lowering
the blood glucose level [3]. However, the use of pure glucomannan remains rare due to its high cost. In the




case of Indonesia, there is limited factory capacity with regard to the production of glucomannan, which
means that it must be imported from abroad. Rough porang has been suggested as an alternative means of
sourcing consumable glucomannan with an equivalent function to the factory-produced variety. Yet, the use
of porang is currently limited because it contains calcium oxalate, which is an irritant and might to be a risk
of kidney stone formation and kidney failure [4]. It has also been found to increase the creatinine and blood
urea levels in rats [5g4)].

Several attempts have been made to decrease the amount of calcium oxalate in porang, including the use
of stamp mills, fractionation blowers, ball mills, and chemicals such as sodium chloride, ash, and ethanol
[8] [9] [10] [11]. The use of a herbal method—that is, maceration with an ethanolic extract—represents
another means of reducing the calcium oxalate content of porang. Indeed, prior studies have shown that it is
more effective than the use of ethanol alone [6]. The lowest level of calcium oxalate achieved in this way
was 0.5% according to Indonesia Patent Registration Number S00202006668.

The maceration of porang with Strobilanthes crispus (SC) was investigated in a study involving
hyperglycemia-induced rats, with the results proving that it was able to lower the rats” blood glucose levels
to a greater extent than the provision of porang flour without maceration. In addition, maceration with SC
has also been found to reduce blood glucose levels to an extent equivalent to the use of the commercial drug
glibenclamide [7]. The mechanism behind the decrease in the blood glucose level was suggested to be
associated with the SC fiber being able to absorb water up to 100 mL/g and form a viscous fluid [8], thereby
prolonging satiety and potentially decreasing absorption of food or nutrient in the blood and small intestine.
The decreased of glucose and secretion of insulin led to an improvement in insulin sensitivity and the
pr ion of pancreatic structure in histopathological observation [1].

m:: effect of maceration with the ethanolic extract of n the glucomannan level and antioxidant
activity of porang has not previously been investigated. Thus, the present study sought to determine its effect
on the calcium oxalate levels, glucomannan levels, and antioxidative activities of different particle sizes of
porang.

2. Methods

2.1. Production of porang macerated with SC

The porang utilized in this study was purchased in the form of dried chips from a farmer who is a member
of the Porang Nusantara Activist Association branch of Boyolali, North Java, Indonesia. It was then ground,
floured, and macerated with an ethanolic extract of SC in accordance with the procedure set out in Patent
Registration Number S00202006668 [9]. The porang was grouped into six groups in different particle size
and maceration: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of =40 mesh;
maceration of X brand SC), BY (particle size of =40 mesh; maceration of Y brand SC), and BN (particle
size of =40 mesh; no maceration).

2.2. Measurement of the calcium oxalate levels, glucomannan levels, and antioxidative activities

The calcium oxalate levels of the porang samples were measured by approximating the total calcium content
of each sample using the atomic absorption spectrometer (AAS) (GBC Scientific Equipment Ltd-932 Plus
AAS) method [10]. The glucomannan levels were analyzed by calculating the glucomannan yield (i.e.,
percentage of glucomannan produced from porang flour) that was extracted from each sample using ethanol
according to a previously des@fied procedure [2]. Moreover, the antioxidative activities of the samples
were measured by means of a 2,2-diphenyl-1-picrylhydrazyl free radical scavenging assay (DPPH assay)

[11].

3. Results and Discussion




3.1. Calcium oxalate levels

The use of maceration treatment in combination with sieving yielded different particle sizes, which had a
significant effect on the achieved decrease in the calcium oxalate level (p<0.05). More specifically, the
calcium oxalate levels appeared to be lower in the macerated porang samples of <40 mesh (AX, AY, and
AN) than in those of =40 mesh (BX, BY, and BN) (p<0.05). This result was comparable with the results of
other studies that showed a decrease in the calcium oxalate levels after sieving with cyclone separator [12].
In addition, maceration with the ethanolic extract of SC resulted in slightly lower calcium oxalate levels
when compared with the absence of maceration. This finding differed from the results of previous studies,
which showed that maceration with the ethanolic extract of SC declined the levels of calcium oxalate in
porang in comparison with maceration solely in ethanol solvent [6] [9]. However, maceration with the
ethanolic extract of SC has previously shown greater antidiabetic potency, which was found to be equivalent
to that of commercial glibenclamide rather than that of porang without maceration in a study involving rats
[7]. This study used two kinds of SC that could be used in industry. This combination of treatments also
resulted in lower calcium oxalate levels than other treatments, such as cyclone separator which resulted in
3.97% - 5.71% of calcium oxalate [12].
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Figure 1. Calcium oxalate levels of differently treated porang samples: AX (particle size of <40 mesh;
maceration of X brand SC), AY (particle size of <40 mesh; maceration of Y brand SC), AN (particle size
of <40 mesh; no maceration), BX (particle size of =40 mesh; maceration of X brand SC), BY (particle size
of =40 mesh; maceration of Y brand SC), and BN (particle size of =40 mesh; no maceration). Various letters
demonstrate dissimilarity between groups (p<0.05).

3.2. Glucomannan levels

Table 1 shows how the different particle sizes and maceration with the ethanolic extract of different brands
of SC affected the glucomannan levels of the porang samples (p<0.05). The highest glucomannan levels
were seen in the AN group, although they were significantly different from those in the AY group. In prior
studies, it was found that the glucomannan levels were influenced by the concentration of ethanol and the
solvent/porang ratio [13]. However, the purification of porang by means of the physical grinding method
could increase its glucomannan level [14]. In this study, the use of sieving reduced the impurities in the
porang flour, as calcium oxalate is generally a light fraction or small-sized component [12].




Table 1. Glucomannan levels of differently treated porang sample

Treatments Glucomannan levels (%)
AX 57.4+3.7b
AY 64.5+10.9bc
AN 70.9+2 26¢
BX 51.2+0.9ab
BY 42.0+4 8a
BN 43.8+1.9a

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of =40 mesh; maceration of Y brand SC), and BN (particle
size of =40 mesh; no maceration). Various letters demonstrate dissimilarity between groups (p<0.05).

3.3. Antioxidative activities

An antioxidative activity analysis was only performed on the macerated porang samples with a particle size
of <40 mesh, as those samples had been shown to have lower calcium oxalate levels and higher glucomannan
levels than the samples with a particle size of =40 mesh (see Table 1 and Figure Bpylable 2 describes the
antioxidative activities of the macerated porang samples with various treatments. The results showed that
the control group had the highest antioxidant activity (which was not subjected to sieving and soaking
treatment) (p<<0.05). This finding could not prove the increase of antioxidant compounds from the ethanolic
extract of SC to the porang, as the ethanolic solvent was rinsed twice after the maceration process. SC was
found to have many antioxidant compounds, including polyphenol, catechin, alkaloid, caffeine, tannin, and
vitamin (C, Bl, and B2) compounds [15]. The SC maceration treatment actually caused the natural
antioxidant compounds in the porang flour to be wasted, possibly due to the washing of the ethanol, which
is an organic solvent capable of extracting non-polar compounds, especially antioxidants [16]. Therefore,
the maceration of porang with ethanol could decrease the antioxidative activity of porang and may not be
suggested. It needs more study to select the right type of solvent to get high antioxidant activity. The high
antioxidant activity in porang is potential its uses as functional food in maintaining of health.

Table 2. Antioxidative activities of differently treated porang samples

Treatments Antioxidative activities
(%)
AX 25.6+0.2a
AY 16.8+0.2b
AN 57.2+0.2¢
CT 65.2+0.2d

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), CT (control, porang without
treatment). Various letters demonstrate dissimilarity between groups (p<0.053).

4. Conclusion

?s study found that sieving treatment combined with maceration with the ethanolic extract of SC affected
the calcium oxalate and glucomannan levels of porang flour. More specifically, the porang samples with a
particle size of =40 mesh exhibited lower calcium oxalate levels and higher glucomannan levels. However,
the combination of the two treatments significantly reduced the antioxidant activity of the porang flour. The




further study is needed to find the right solvent of SC that may decrease calcium oxalate in porang and
maintaining its antioxidative activity.
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Calcium oxalate levels, glucomannan levels, and antioxidative
activities of different sized Amorphophallus oncophyllus particles
and the maceration of Strobilanthes crispus

V Aprilia!, N Kusumawardani?, R Fauzi?, D Estiningsih?, D Kusumawati'

"Department of Nutrition, Universitas Alma Ata, JI. Brawijaya 99, Yogyakarta 55183,
Indonesia
2Department of Pharmacy, Universitas Alma Ata, JI. Brawijaya 99, Yogyakarta 55183,
Indonesia

Abstract. Porang (Amorphophallus oncophylius) is a type of tuber widely planted in Indonesia. It
has a high glucomannan content, but its use is limited due to its high calcium oxalate content.
However, it has previously been shown that the maceration of porang with the ethanolic extract of
Strobilanthes crispus (SC) can serve to reduce its calcium oxalate content. This study sought to
determine the impact of sieving in combination with ethanolic extract of SC maceration on the
calcium oxalate levels, glucomannan levels, and antioxidant activities of different sized particles of
porang. The calcium oxalate levels were analyzed by means of the atomic absorption method,
whereas the glucomannan levels were determined based on the yield of glucomannan derived from
the ethanolic extraction process. The porang particles were then analyzed to assess their antioxidant
activities using DPPH (1,1-diphenyl-2-picrylhydrazyl). The particles were grouped into six groups
in different particle size and maceration: AX (particle size of <40 mesh; maceration of X brand SC),
AY (particle size of <40 mesh; maceration of Y brand SC), AN (particle size of <40 mesh; no
maceration), BX (particle size of >40 mesh; maceration of X brand SC), BY (particle size of >40
mesh; maceration of Y brand SC), and BN (particle size of =40 mesh; no maceration). The results
revealed that porang with a particle size of <40 mesh that was macerated with SC exhibited lower
calcium oxalate levels and higher glucomannan levels than porang with a particle size of >40 mesh.
The antioxidant activity of the porang decreased after maceration with the ethanolic extract of SC.

1. Introduction
Diabetes mellitus (DM) is a cause of death worldwide, and its prevalence is known to be increasing. Thus,
various efforts have been made by the Indonesian government to reduce the prevalence of DM, ranging from
the procurement of low-cost drugs to the funding of various studies. Herbal therapy and the use of functional
food diets or food medicines (nutraceuticals) have been suggested as affordable alternatives to established
DM treatment, and such alternatives are expected to been associated with only minimal side effects [1].
Porang (Amorphophallus oncophyllus) contains glucomannan that is potential as a functional food [2].
Glucomannan is a water-soluble polysaccharide known to have many health benefits, including lowering
the blood glucose level [3]. However, the use of pure glucomannan remains rare due to its high cost. In the




case of Indonesia, there is limited factory capacity with regard to the production of glucomannan, which
means that it must be imported from abroad. Rough porang has been suggested as an alternative means of
sourcing consumable glucomannan with an equivalent function to the factory-produced variety. Yet, the use
of porang is currently limited because it contains calcium oxalate, which is an irritant and might to be a risk
of kidney stone formation and kidney failure [4]. It has also been found to increase the creatinine and blood
urea levels in rats [35,6].

Several attempts have been made to decrease the amount of calcium oxalate in porang, including the use
of stamp mills, fractionation blowers, ball mills, and chemicals such as sodium chloride, ash, and ethanol
[8] [9] [10] [11]. The use of a herbal method—that is, maceration with an ethanolic extract—represents
another means of reducing the calcium oxalate content of porang. Indeed, prior studies have shown that it is
more effective than the use of ethanol alone [6]. The lowest level of calcium oxalate achieved in this way
was 0.5% according to Indonesia Patent Registration Number S00202006668.

The maceration of porang with Strobilanthes crispus (SC) was investigated in a study involving
hyperglycemia-induced rats, with the results proving that it was able to lower the rats” blood glucose levels
to a greater extent than the provision of porang flour without maceration. In addition, maceration with SC
has also been found to reduce blood glucose levels to an extent equivalent to the use of the commercial drug
glibenclamide [7]. The mechanism behind the decrease in the blood glucose level was suggested to be
associated with the SC fiber being able to absorb water up to 100 mL/g and form a viscous fluid [8], thereby
prolonging satiety and potentially decreasing absorption of food or nutrient in the blood and small intestine.
The decreased of glucose and secretion of insulin led to an improvement in insulin sensitivity and the
protection of pancreatic structure in histopathological observation [1].

The effect of maceration with the ethanolic extract of SC on the glucomannan level and antioxidant
activity of porang has not previously been investigated. Thus, the present study sought to determine its effect
on the calcium oxalate levels, glucomannan levels, and antioxidative activities of different particle sizes of
porang.

2. Methods

2.1. Production of porang macerated with SC

The porang utilized in this study was purchased in the form of dried chips from a farmer who is a member
of the Porang Nusantara Activist Association branch of Boyolali, North Java, Indonesia. It was then ground,
floured, and macerated with an ethanolic extract of SC in accordance with the procedure set out in Patent
Registration Number S00202006668 [9]. The porang was grouped into six groups in different particle size
and maceration: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of =40 mesh;
maceration of X brand SC), BY (particle size of =40 mesh; maceration of Y brand SC), and BN (particle
size of =40 mesh; no maceration).

2.2. Measurement of the calcium oxalate levels, glucomannan levels, and antioxidative activities

The calcium oxalate levels of the porang samples were measured by approximating the total calcium content
of each sample using the atomic absorption spectrometer (AAS) (GBC Scientific Equipment Ltd-932 Plus
AAS) method [10]. The glucomannan levels were analyzed by calculating the glucomannan yield (i.e.,
percentage of glucomannan produced from porang flour) that was extracted from each sample using ethanol
according to a previously described procedure [2]. Moreover, the antioxidative activities of the samples
were measured by means of a 2,2-diphenyl-1-picrylhydrazyl free radical scavenging assay (DPPH assay)

[11].

3. Results and Discussion




3.1. Calcium oxalate levels

The use of maceration treatment in combination with sieving yielded different particle sizes, which had a
significant effect on the achieved decrease in the calcium oxalate level (p<0.05). More specifically, the
calcium oxalate levels appeared to be lower in the macerated porang samples of <40 mesh (AX, AY, and
AN) than in those of =40 mesh (BX, BY, and BN) (p<0.05). This result was comparable with the results of
other studies that showed a decrease in the calcium oxalate levels after sieving with cyclone separator [12].
In addition, maceration with the ethanolic extract of SC resulted in slightly lower calcium oxalate levels
when compared with the absence of maceration. This finding differed from the results of previous studies,
which showed that maceration with the ethanolic extract of SC declined the levels of calcium oxalate in
porang in comparison with maceration solely in ethanol solvent [6] [9]. However, maceration with the
ethanolic extract of SC has previously shown greater antidiabetic potency, which was found to be equivalent
to that of commercial glibenclamide rather than that of porang without maceration in a study involving rats
[7]. This study used two kinds of SC that could be used in industry. This combination of treatments also
resulted in lower calcium oxalate levels than other treatments, such as cyclone separator which resulted in
3.97% - 5.71% of calcium oxalate [12].
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Figure 1. Calcium oxalate levels of differently treated porang samples: AX (particle size of <40 mesh;
maceration of X brand SC), AY (particle size of <40 mesh; maceration of Y brand SC), AN (particle size
of <40 mesh; no maceration), BX (particle size of =40 mesh; maceration of X brand SC), BY (particle size
of =40 mesh; maceration of Y brand SC), and BN (particle size of =40 mesh; no maceration). Various letters
demonstrate dissimilarity between groups (p<0.05).

3.2. Glucomannan levels

Table 1 shows how the different particle sizes and maceration with the ethanolic extract of different brands
of SC affected the glucomannan levels of the porang samples (p<0.05). The highest glucomannan levels
were seen in the AN group, although they were significantly different from those in the AY group. In prior
studies, it was found that the glucomannan levels were influenced by the concentration of ethanol and the
solvent/porang ratio [13]. However, the purification of porang by means of the physical grinding method
could increase its glucomannan level [14]. In this study, the use of sieving reduced the impurities in the
porang flour, as calcium oxalate is generally a light fraction or small-sized component [12].




Table 1. Glucomannan levels of differently treated porang sample

Treatments Glucomannan levels (%)
AX 57.4+3.7b
AY 64.5+10.9bc
AN 70.9+2 26¢
BX 51.2+0.9ab
BY 42.0+4 8a
BN 43.8+1.9a

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of =40 mesh; maceration of Y brand SC), and BN (particle
size of =40 mesh; no maceration). Various letters demonstrate dissimilarity between groups (p<0.05).

3.3. Antioxidative activities

An antioxidative activity analysis was only performed on the macerated porang samples with a particle size
of <40 mesh, as those samples had been shown to have lower calcium oxalate levels and higher glucomannan
levels than the samples with a particle size of =40 mesh (see Table 1 and Figure 1). Table 2 describes the
antioxidative activities of the macerated porang samples with various treatments. The results showed that
the control group had the highest antioxidant activity (which was not subjected to sieving and soaking
treatment) (p<<0.05). This finding could not prove the increase of antioxidant compounds from the ethanolic
extract of SC to the porang, as the ethanolic solvent was rinsed twice after the maceration process. SC was
found to have many antioxidant compounds, including polyphenol, catechin, alkaloid, caffeine, tannin, and
vitamin (C, Bl, and B2) compounds [15]. The SC maceration treatment actually caused the natural
antioxidant compounds in the porang flour to be wasted, possibly due to the washing of the ethanol, which
is an organic solvent capable of extracting non-polar compounds, especially antioxidants [16]. Therefore,
the maceration of porang with ethanol could decrease the antioxidative activity of porang and may not be
suggested. It needs more study to select the right type of solvent to get high antioxidant activity. The high
antioxidant activity in porang is potential its uses as functional food in maintaining of health.

Table 2. Antioxidative activities of differently treated porang samples

Treatments Antioxidative activities
(%)
AX 25.6+0.2a
AY 16.8+0.2b
AN 57.2+0.2¢
CT 65.2+0.2d

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), CT (control, porang without
treatment). Various letters demonstrate dissimilarity between groups (p<0.053).

4. Conclusion

This study found that sieving treatment combined with maceration with the ethanolic extract of SC affected
the calcium oxalate and glucomannan levels of porang flour. More specifically, the porang samples with a
particle size of =40 mesh exhibited lower calcium oxalate levels and higher glucomannan levels. However,
the combination of the two treatments significantly reduced the antioxidant activity of the porang flour. The




further study is needed to find the right solvent of SC that may decrease calcium oxalate in porang and
maintaining its antioxidative activity.
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Abstract. Porang (Amorphophallus oncophyllus) is a type of tuber widely planted in Indonesia. It
has a high glucomannan content, but its use is limited due to its high calcium oxalate content.
However, it has previously been shown that the maceration of porang with the ethanolic extract of
Strobilanthes crispus (SC) can serve to reduce its calcium oxalate content. This study sought to
determine the impact of sieving in combination with ethanolic extract of SC maceration on the
calcium oxalate levels, glucomannan levels, and antioxidant activities of different sized particles of
porang. The calcium oxalate levels were analyzed by means of the atomic absorption method,
whereas the glucomannan levels were determined based on the yield of glucomannan derived from
the ethanolic extraction process. The porang particles were then analyzed to assess their antioxidant
activities using DPPH (1,1-diphenyl-2-picrylhydrazyl). The particles were grouped into six in
different particle size and maceration: AX (particle size of <40 mesh; maceration of X brand SC),
AY (particle size of <40 mesh; maceration of Y brand SC), AN (particle size of <40 mesh; no
maceration), BX (particle size of >40 mesh; maceration of X brand SC), BY (particle size of >40
mesh; maceration of Y brand SC), and BN (particle size of >40 mesh; no maceration). The results
revealed that porang with a particle size of <40 mesh that was macerated with SC exhibited lower
calcium oxalate levels and higher glucomannan levels than porang with a particle size of >40 mesh.
The antioxidant activity of the porang decreased after maceration with the ethanolic extract of SC.

1. Introduction
Diabetes mellitus (DM) is a cause of death worldwide, and its prevalence is known to be increasing. Thus,
various efforts have been made by the Indonesian government to reduce the prevalence of DM, ranging from
the procurement of low-cost drugs to the funding of various studies. Herbal therapy and the use of functional
food diets or food medicines (nutraceuticals) have been suggested as affordable alternatives to established
DM treatment, and such alternatives are expected to been associated with only minimal side effects [1].
Porang (Amorphophallus oncophyllus) contains glucomannan that is potential as a functional food [2].
Glucomannan is a water-soluble polysaccharide known to have many health benefits, including lowering
the blood glucose level [3]. However, the use of pure glucomannan remains rare due to its high cost. In the



case of Indonesia, there is limited factory capacity with regard to the production of glucomannan, which
means that it must be imported from abroad. Rough porang has been suggested as an alternative means of
sourcing consumable glucomannan with an equivalent function to the factory-produced variety. Yet, the use
of porang is currently limited because it contains calcium oxalate, which is an irritant and might to be a risk
of kidney stone formation and kidney failure [4]. It has also been found to increase the creatinine and blood
urea levels in rats [5,6].

Several attempts have been made to decrease the amount of calcium oxalate in porang, including the use
of stamp mills, fractionation blowers, ball mills, and chemicals such as sodium chloride, ash, and ethanol
[8] [9] [10] [11]. The use of a herbal method—that is, maceration with an ethanolic extract—represents
another means of reducing the calcium oxalate content of porang. Indeed, prior studies have shown that it is
more effective than the use of ethanol alone [6]. The lowest level of calcium oxalate achieved in this way
was 0.5% according to Indonesia Patent Registration Number S00202006668.

The maceration of porang with Strobilanthes crispus (SC) was investigated in a study involving
hyperglycemia-induced rats, with the results proving that it was able to lower the rats’ blood glucose levels
to a greater extent than the provision of porang flour without maceration. In addition, maceration with SC
has also been found to reduce blood glucose levels to an extent equivalent to the use of the commercial drug
glibenclamide [7]. The mechanism behind the decrease in the blood glucose level was suggested to be
associated with the SC fiber being able to absorb water up to 100 mL/g and form a viscous fluid [8], thereby
prolonging satiety and potentially decreasing absorption of food or nutrient in the blood and small intestine.
The decreased of glucose and secretion of insulin led to an improvement in insulin sensitivity and the
protection of pancreatic structure in histopathological observation [1].

The effect of maceration with the ethanolic extract of SC on the glucomannan level and antioxidant
activity of porang has not previously been investigated. Thus, the present study sought to determine its effect
on the calcium oxalate levels, glucomannan levels, and antioxidative activities of different particle sizes of
porang.

2. Methods

2.1. Production of porang macerated with SC

The porang utilized in this study was purchased in the form of dried chips from a farmer who is a member
of the Porang Nusantara Activist Association branch of Boyolali, North Java, Indonesia. It was then ground,
floured, and macerated with an ethanolic extract of SC in accordance with the procedure set out in Patent
Registration Number S00202006668 [9]. The porang was grouped into six in different particle size and
maceration: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of >40 mesh; maceration of Y brand SC), and BN (particle
size of >40 mesh; no maceration).

2.2. Measurement of the calcium oxalate levels, glucomannan levels, and antioxidative activities

The calcium oxalate levels of the porang samples were measured by approximating the total calcium content
of each sample using the atomic absorption spectrometer (AAS) (GBC Scientific Equipment Ltd-932 Plus
AAS) method [10]. The glucomannan levels were analyzed by calculating the glucomannan yield (i.e.,
percentage of glucomannan produced from porang flour) that was extracted from each sample using ethanol
according to a previously described procedure [2]. Moreover, the antioxidative activities of the samples
were measured by means of a 2,2-diphenyl-1-picrylhydrazyl free radical scavenging assay (DPPH assay)

[11].



3. Results and Discussion

3.1. Calcium oxalate levels

The use of maceration treatment in combination with sieving yielded different particle sizes, which had a
significant effect on the achieved decrease in the calcium oxalate level (p<0.05). More specifically, the
calcium oxalate levels appeared to be lower in the macerated porang samples of <40 mesh (AX, AY, and
AN) than in those of >40 mesh (BX, BY, and BN) (p<0.05). This result was comparable with the results of
other studies that showed a decrease in the calcium oxalate levels after sieving with cyclone separator [12].
In addition, maceration with the ethanolic extract of SC resulted in slightly lower calcium oxalate levels
when compared with the absence of maceration. This finding differed from the results of previous studies,
which showed that maceration with the ethanolic extract of SC declined the levels of calcium oxalate in
porang in comparison with maceration solely in ethanol solvent [6] [9]. However, maceration with the
ethanolic extract of SC has previously shown greater antidiabetic potency, which was found to be equivalent
to that of commercial glibenclamide rather than that of porang without maceration in a study involving rats
[7]. This study used two kinds of SC that could be used in industry. This combination of treatments also
resulted in lower calcium oxalate levels than other treatments, such as cyclone separator which resulted in
3.97% - 5.71% of calcium oxalate [12].
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Figure 1. Calcium oxalate levels of differently treated porang samples: AX (particle size of <40 mesh;
maceration of X brand SC), AY (particle size of <40 mesh; maceration of Y brand SC), AN (particle size
of <40 mesh; no maceration), BX (particle size of >40 mesh; maceration of X brand SC), BY (particle size
of >40 mesh; maceration of Y brand SC), and BN (particle size of >40 mesh; no maceration). Various letters
demonstrate dissimilarity between groups (p<0.05).

3.2. Glucomannan levels

Table 1 shows how the different particle sizes and maceration with the ethanolic extract of different brands
of SC affected the glucomannan levels of the porang samples (p<0.05). The highest glucomannan levels
were seen in the AN group, although they were significantly different from those in the AY group. In prior
studies, it was found that the glucomannan levels were influenced by the concentration of ethanol and the
solvent/porang ratio [13]. However, the purification of porang by means of the physical grinding method



could increase its glucomannan level [14]. In this study, the use of sieving reduced the impurities in the
porang flour, as calcium oxalate is generally a light fraction or small-sized component [12].

Table 1. Glucomannan levels of differently treated porang sample

Treatments Glucomannan levels (%)
AX 57.4+3.7b
AY 64.5+10.9bc
AN 70.9+2.26¢
BX 51.240.9ab
BY 42.0+4.8a
BN 43.8+1.9a

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of >40 mesh; maceration of Y brand SC), and BN (particle
size of >40 mesh; no maceration). Various letters demonstrate dissimilarity between groups (p<0.05).

3.3. Antioxidative activities

An antioxidative activity analysis was only performed on the macerated porang samples with a particle size
of <40 mesh, as those samples had been shown to have lower calcium oxalate levels and higher glucomannan
levels than the samples with a particle size of >40 mesh (see Table 1 and Figure 1). Table 2 describes the
antioxidative activities of the macerated porang samples with various treatments. The results showed that
the control group had the highest antioxidant activity (which was not subjected to sieving and soaking
treatment) (p<<0.05). This finding could not prove the increase of antioxidant compounds from the ethanolic
extract of SC to the porang, as the ethanolic solvent was rinsed twice after the maceration process. SC was
found to have many antioxidant compounds, including polyphenol, catechin, alkaloid, caffeine, tannin, and
vitamin (C, B1, and B2) compounds [15]. The SC maceration treatment actually caused the natural
antioxidant compounds in the porang flour to be wasted, possibly due to the washing of the ethanol, which
is an organic solvent capable of extracting non-polar compounds, especially antioxidants [16]. Therefore,
the maceration of porang with ethanol could decrease the antioxidative activity of porang and may not be
suggested. It needs more study to select the right type of solvent to get high antioxidant activity. The high
antioxidant activity in porang is potential its uses as functional food in maintaining of health.

Table 2. Antioxidative activities of differently treated porang samples

Treatments Antioxidative activities
(%)
AX 25.6+0.2a
AY 16.8+0.2b
AN 57.2+0.2c
CT 65.2+0.2d

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), CT (control, porang without
treatment). Various letters demonstrate dissimilarity between groups (p<0.05).

4. Conclusion

This study found that sieving treatment combined with maceration with the ethanolic extract of SC affected
the calcium oxalate and glucomannan levels of porang flour. More specifically, the porang samples with a
particle size of >40 mesh exhibited lower calcium oxalate levels and higher glucomannan levels. However,



the combination of the two treatments significantly reduced the antioxidant activity of the porang flour. The
further study is needed to find the right solvent of SC that may decrease calcium oxalate in porang and
maintaining its antioxidative activity.
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Abstract. fPorang (Amorphophallus oncophyllus) is a type of tuber widely planted in Indonesia. It
has a high glucomannan content, but its use is limited due to its high calcium oxalate content.
However, it has previously been shown that the maceration of porang with the ethanolic extract of
Strobilanthes crispus (SC) can serve to reduce its calcium oxalate content. This study sought to
determine the impact of sieving in combination with ethanolic extract of SC maceration on the
calcium oxalate levels, glucomannan levels, and antioxidant activities of different sized particles of
porang. The calcium oxalate levels were analyzed by means of the atomic absorption method,
whereas the glucomannan levels were determined based on the yield of glucomannan derived from
the ethanolic extraction process. The porang particles were then analyzed to assess their antioxidant
activities using DPPH (1,1-diphenyl-2-picrylhydrazyl). The particles were grouped into six in
different particle size and maceration: AX, AY, AN, BY, and BN. The results revealed that porang
with a particle size of <40 mesh that was macerated with SC exhibited lower calcium oxalate levels
and higher glucomannan levels than porang with a particle size of >40 mesh. The antioxidant activity
of the porang decreased after maceration with the ethanolic extract of SC.]

1. Introduction

Diabetes mellitus (DM) is a cause of death worldwide, and its prevalence is known to be increasing. Thus,
various efforts have been made by the Indonesian government to reduce the prevalence of DM, ranging
from the procurement of low-cost drugs to the funding of various studies. Herbal therapy and the use of
functional food diets or food medicines (nutraceuticals) have been suggested as affordable alternatives to
established DM treatment, and such alternatives are expected to been associated with only minimal side
effects [1].

Porang (Amorphophallus oncophyllus) contains glucomannan that is potential as a functional food [2].
Glucomannan is a water-soluble polysaccharide known to have many health benefits, including lowering
the blood glucose level [3]. However, the use of pure glucomannan remains rare due to its high cost. In the
case of Indonesia, there is limited factory capacity with regard to the production of glucomannan, which
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means that it must be imported from abroad. Rough porang has been suggested as an alternative means of
sourcing consumable glucomannan with an equivalent function to the factory-produced variety. Yet, the use
of porang is currently limited because it contains calcium oxalate, which is an irritant and might to be a risk
of kidney stone formation and kidney failure [4]. It has also been found to increase the creatinine and blood
urea levels in rats [5,6].

Several attempts have been made to decrease the amount of calcium oxalate in porang, including the use
of stamp mills, fractionation blowers, ball mills, and chemicals such as sodium chloride, ash, and ethanol
ﬂ8[| [9] [10] [11]. The use of a herbal method—that is, maceration with an ethanolic extract—represents
another means of reducing the calcium oxalate content of porang. Indeed, prior studies have shown that it
is more effective than the use of ethanol alone [6]. The lowest level of calcium oxalate achieved in this way
was 0.5% according to Indonesia Patent Registration Number S00202006668.

The maceration of porang with Strobilanthes crispus (SC) was investigated in a study involving
hyperglycemia-induced rats, with the results proving that it was able to lower the rats’ blood glucose levels
to a greater extent than the provision of porang flour without maceration. In addition, maceration with SC
has also been found to reduce blood glucose levels to an extent equivalent to the use of the commercial drug
glibenclamide [7]. The mechanism behind the decrease in the blood glucose level was suggested to be
associated with the SC fiber being able to absorb water up to 100 mL/g and form a viscous fluid [8], thereby
prolonging satiety and potentially decreasing absorption of food or nutrient in the blood and small intestine.
The decreased of glucose and secretion of insulin led to an improvement in insulin sensitivity and the
protection of pancreatic structure in histopathological observation [1].

The effect of maceration with the ethanolic extract of SC on the glucomannan level and antioxidant
activity of porang has not previously been investigated. Thus, the present study sought to determine its effect
on the calcium oxalate levels, glucomannan levels, and antioxidative activities of different particle sizes of
porang.

2. Material and Methods

2.1. Production of porang macerated with SC

The porang utilized in this study was purchased in the form of dried chips from a farmer who is a member
of the Porang Nusantara Activist Association branch of Boyolali, North Java, Indonesia. It was then ground,
floured, and macerated with an ethanolic extract of SC in accordance with the procedure set out in Patent
Registration Number S00202006668 [9]. The porang was grouped into six in different particle size and
maceration: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of >40 mesh; maceration of Y brand SC), and BN (particle
size of >40 mesh; no maceration).

2.2. Measurement of the calcium oxalate levels, glucomannan levels, and antioxidative activities

The calcium oxalate levels of the porang samples were measured by approximating the total calcium content
of each sample using the atomic absorption spectrometer (AAS) (GBC Scientific Equipment Ltd-932 Plus
AAS) method [10]. The glucomannan levels were analyzed by calculating the glucomannan yield (i.e.,
percentage of glucomannan produced from porang flour) that was extracted from each sample using ethanol
according to a previously described procedure [2]. Moreover, the antioxidative activities of the samples
were measured by means of a 2,2-diphenyl-1-picrylhydrazyl free radical scavenging assay (DPPH assay)
[11].
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3. Results and Discussion

3.1. Calcium oxalate levels

The use of maceration treatment in combination with sieving yielded different particle sizes, which had a
significant effect on the achieved decrease in the calcium oxalate level (p<0.05). More specifically, the
calcium oxalate levels appeared to be lower in the macerated porang samples of <40 mesh (AX, AY, and
AN) than in those of >40 mesh (BX, BY, and BN) (p<0.05). This result was comparable with the results of
other studies that showed a decrease in the calcium oxalate levels after sieving with cyclone separator [12].
In addition, maceration with the ethanolic extract of SC resulted in slightly lower calcium oxalate levels
when compared with the absence of maceration. This finding differed from the results of previous studies,
which showed that maceration with the ethanolic extract of SC declined the levels of calcium oxalate in
porang in comparison with maceration solely in ethanol solvent [6] [9]. However, maceration with the
ethanolic extract of SC has previously shown greater antidiabetic potency, which was found to be equivalent
to that of commercial glibenclamide rather than that of porang without maceration in a study involving rats
[7]. This study used two kinds of SC that could be used in industry. This combination of treatments also
resulted in lower calcium oxalate levels than other treatments, such as cyclone separator which resulted in
3.97% - 5.71% of calcium oxalate [12].

Zos } d BAX
= I

% BAY
— 04

2 AN
Zos | apx
E c @WBY
=02r OBN
At

Porang flour with different treatments

Figure 1. Calcium oxalate levels of differently treated porang samples: AX (particle size of
<40 mesh; maceration of X brand SC), AY (particle size of <40 mesh; maceration of Y brand
SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of >40 mesh; maceration of Y brand SC), and
BN (particle size of >40 mesh; no maceration). Various letters demonstrate dissimilarity
between groups (p<0.05).

3.2. Glucomannan levels

Table 1 shows how the different particle sizes and maceration with the ethanolic extract of different brands
of SC affected the glucomannan levels of the porang samples (p<0.05). The highest glucomannan levels
were seen in the AN group, although they were significantly different from those in the AY group. In prior



studies, it was found that the glucomannan levels were influenced by the concentration of ethanol and the
solvent/porang ratio [13]. However, the purification of porang by means of the physical grinding method
could increase its glucomannan level [14]. In this study, the use of sieving reduced the impurities in the
porang flour, as calcium oxalate is generally a light fraction or small-sized component [12].

Table 1. Glucomannan levels of differently treated porang sample

Treatments Glucomannan levels (%)
AX 57.4+3.7b
AY 64.5+10.9bc
AN 70.9£2.26C
BX 51.2+0.9ab
BY 42.0+4.8a
BN 43.8+1.9a

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size
of <40 mesh; maceration of Y brand SC), AN (particle size of <40 mesh; no
maceration), BX (particle size of >40 mesh; maceration of X brand SC), BY (particle
size of >40 mesh; maceration of Y brand SC), and BN (particle size of >40 mesh; no
maceration). Various letters demonstrate dissimilarity between groups (p<0.05).

3.3. Antioxidative activities

An antioxidative activity analysis was only performed on the macerated porang samples with a particle size
of <40 mesh, as those samples had been shown to have lower calcium oxalate levels and higher
glucomannan levels than the samples with a particle size of >40 mesh (see Table 1 and Figure 1). Table 2
describes the antioxidative activities of the macerated porang samples with various treatments. The results
showed that the control group had the highest antioxidant activity (which was not subjected to sieving and
soaking treatment) (p<0.05). This finding could not prove the increase of antioxidant compounds from the
ethanolic extract of SC to the porang, as the ethanolic solvent was rinsed twice after the maceration process.
SC was found to have many antioxidant compounds, including polyphenol, catechin, alkaloid, caffeine,
tannin, and vitamin (C, B1, and B2) compounds [15]. The SC maceration treatment actually caused the
natural antioxidant compounds in the porang flour to be wasted, possibly due to the washing of the ethanol,
which is an organic solvent capable of extracting non-polar compounds, especially antioxidants [16].
Therefore, the maceration of porang with ethanol could decrease the antioxidative activity of porang and
may not be suggested. It needs more study to select the right type of solvent to get high antioxidant activity.
The high antioxidant activity in porang is potential its uses as functional food in maintaining of health.

Table 2. Antioxidative activities of differently treated porang samples

Treatments Antioxidative activities (%)
AX 25.6+0.2a
AY 16.8+0.2b
AN 57.2+0.2c
CT 65.2+0.2d

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle
size of <40 mesh; maceration of Y brand SC), AN (particle size of <40 mesh; no
maceration), CT (control, porang without treatment). Various letters
demonstrate dissimilarity between groups (p<0.05).



4. Conclusion

This study found that sieving treatment combined with maceration with the ethanolic extract of SC affected
the calcium oxalate and glucomannan levels of porang flour. More specifically, the porang samples with a
particle size of >40 mesh exhibited lower calcium oxalate levels and higher glucomannan levels. However,
the combination of the two treatments significantly reduced the antioxidant activity of the porang flour. The
further study is needed to find the right solvent of SC that may decrease calcium oxalate in porang and
maintaining its antioxidative activity.
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Abstract. fPorang (Amorphophallus oncophyllus) is a type of tuber widely planted in Indonesia. It
has a high glucomannan content, but its use is limited due to high calcium oxalate content. However,
it has previously been shown that the maceration of porang with the ethanolic extract of Strobilanthes
crispus (SC) can serve to reduce its calcium oxalate content. This study sought to determine the
impact of sieving in combination with ethanolic extract of SC maceration on the calcium oxalate
levels, glucomannan levels, and antioxidant activities of different sized particles of porang. The
calcium oxalate levels were analyzed by the atomic absorption method, whereas the glucomannan
levels were determined based on the yield of glucomannan derived from the ethanolic extraction
process. The porang particles were then analyzed to assess their antioxidant activities using DPPH
(1,1-diphenyl-2-picrylhydrazyl). The particles were grouped into six in different particle size and
maceration: AX, AY, AN, BY, and BN. The results revealed that porang with a particle size of <40
mesh that was macerated with SC exhibited lower calcium oxalate levels and higher glucomannan
levels than porang with a particle size of >40 mesh. The antioxidant activity of the porang decreased
after maceration with the ethanolic extract of SC.\

1. Introduction

Diabetes mellitus (DM) is a cause of death worldwide, and its prevalence is known to be increasing. Thus,
various efforts have been made by the Indonesian government to reduce the prevalence of DM, ranging
from the procurement of low-cost drugs to the funding of various studies. Herbal therapy and the use of
functional food diets or food medicines (nutraceuticals) have been suggested as affordable alternatives to
established DM treatment, and such alternatives are expected to been associated with only minimal side
effects [1].

Porang (Amorphophallus oncophyllus) contains glucomannan that is potential as a functional food [2].
Glucomannan is a water-soluble polysaccharide known to have many health benefits, including lowering
the blood glucose level [3]. However, the use of pure glucomannan remains rare due to its high cost. In the
case of Indonesia, there is limited factory capacity with regard to the production of glucomannan, which

[Commented [A1]: Must be 200 words max

[ Commented [VA2R1]: Has been revised




means that it must be imported from abroad. Rough porang has been suggested as an alternative means of
sourcing consumable glucomannan with an equivalent function to the factory-produced variety. Yet, the use
of porang is currently limited because it contains calcium oxalate, which is an irritant and might to be a risk
of kidney stone formation and kidney failure [4]. It has also been found to increase the creatinine and blood
urea levels in rats [5,6].

Several attempts have been made to decrease the amount of calcium oxalate in porang, including the use
of stamp mills, fractionation blowers, ball mills, and chemicals such as sodium chloride, ash, and ethanol
[2,779]|. The use of a herbal method—that is, maceration with an ethanolic extract—represents another

means of reducing the calcium oxalate content of porang. Indeed, prior studies have shown that it is more
effective than the use of ethanol alone [6]. The lowest level of calcium oxalate achieved in this way was
0.5% according to Indonesia Patent Registration Number S00202006668.

The maceration of porang with Strobilanthes crispus (SC) was investigated in a study involving
hyperglycemia-induced rats, with the results proving that it was able to lower the rats’ blood glucose levels
to a greater extent than the provision of porang flour without maceration. In addition, maceration with SC
has also been found to reduce blood glucose levels to an extent equivalent to the use of the commercial drug
glibenclamide [10]. The mechanism behind the decrease in the blood glucose level was suggested to be
associated with the SC fiber being able to absorb water up to 100 mL/g and form a viscous fluid [2], thereby
prolonging satiety and potentially decreasing absorption of food or nutrient in the blood and small intestine.
The decreased of glucose and secretion of insulin led to an improvement in insulin sensitivity and the
protection of pancreatic structure in histopathological observation [1].

The effect of maceration with the ethanolic extract of SC on the glucomannan level and antioxidant
activity of porang has not previously been investigated. Thus, the present study sought to determine its effect
on the calcium oxalate levels, glucomannan levels, and antioxidative activities of different particle sizes of
porang.

2. Material and Methods

2.1. Production of porang macerated with SC

The porang utilized in this study was purchased in the form of dried chips from a farmer who is a member
of the Porang Nusantara Activist Association branch of Boyolali, North Java, Indonesia. It was then ground,
floured, and macerated with an ethanolic extract of SC in accordance with the procedure set out in Patent
Registration Number S00202006668 [7]. The porang was grouped into six in different particle size and
maceration: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size of <40 mesh;
maceration of Y brand SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of >40 mesh; maceration of Y brand SC), and BN (particle
size of >40 mesh; no maceration).

2.2. Measurement of the calcium oxalate levels, glucomannan levels, and antioxidative activities

The calcium oxalate levels of the porang samples were measured by approximating the total calcium content
of each sample using the atomic absorption spectrometer (AAS) (GBC Scientific Equipment Ltd-932 Plus
AAS) method [8]. The glucomannan levels were analyzed by calculating the glucomannan yield (i.e.,
percentage of glucomannan produced from porang flour) that was extracted from each sample using ethanol
according to a previously described procedure [2]. Moreover, the antioxidative activities of the samples
were measured by means of a 2,2-diphenyl-1-picrylhydrazyl free radical scavenging assay (DPPH assay)
[91.
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3. Results and Discussion

3.1. Calcium oxalate levels

The use of maceration treatment in combination with sieving yielded different particle sizes, which had a
significant effect on the achieved decrease in the calcium oxalate level (p<0.05). More specifically, the
calcium oxalate levels appeared to be lower in the macerated porang samples of <40 mesh (AX, AY, and
AN) than in those of >40 mesh (BX, BY, and BN) (p<0.05). This result was comparable with the results of
other studies that showed a decrease in the calcium oxalate levels after sieving with cyclone separator [11].
In addition, maceration with the ethanolic extract of SC resulted in slightly lower calcium oxalate levels
when compared with the absence of maceration. This finding differed from the results of previous studies,
which showed that maceration with the ethanolic extract of SC declined the levels of calcium oxalate in
porang in comparison with maceration solely in ethanol solvent [6] [7]. However, maceration with the
ethanolic extract of SC has previously shown greater antidiabetic potency, which was found to be equivalent
to that of commercial glibenclamide rather than that of porang without maceration in a study involving rats
[10]. This study used two kinds of SC that could be used in industry. This combination of treatments also
resulted in lower calcium oxalate levels than other treatments, such as cyclone separator which resulted in
3.97% - 5.71% of calcium oxalate [11].
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Figure 1. Calcium oxalate levels of differently treated porang samples: AX (particle size of
<40 mesh; maceration of X brand SC), AY (particle size of <40 mesh; maceration of Y brand
SC), AN (particle size of <40 mesh; no maceration), BX (particle size of >40 mesh;
maceration of X brand SC), BY (particle size of >40 mesh; maceration of Y brand SC), and
BN (particle size of >40 mesh; no maceration). Various letters demonstrate dissimilarity
between groups (p<0.05).

3.2. Glucomannan levels

Table 1 shows how the different particle sizes and maceration with the ethanolic extract of different brands
of SC affected the glucomannan levels of the porang samples (p<0.05). The highest glucomannan levels
were seen in the AN group, although they were significantly different from those in the AY group. In prior



studies, it was found that the glucomannan levels were influenced by the concentration of ethanol and the
solvent/porang ratio [12]. However, the purification of porang by means of the physical grinding method
could increase its glucomannan level [13]. In this study, the use of sieving reduced the impurities in the
porang flour, as calcium oxalate is generally a light fraction or small-sized component [11].

Table 1. Glucomannan levels of differently treated porang sample

Treatments Glucomannan levels (%)
AX 57.4+3.7b
AY 64.5+10.9bc
AN 70.9£2.26C
BX 51.2+0.9ab
BY 42.0+4.8a
BN 43.8+1.9a

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle size
of <40 mesh; maceration of Y brand SC), AN (particle size of <40 mesh; no
maceration), BX (particle size of >40 mesh; maceration of X brand SC), BY (particle
size of >40 mesh; maceration of Y brand SC), and BN (particle size of >40 mesh; no
maceration). Various letters demonstrate dissimilarity between groups (p<0.05).

3.3. Antioxidative activities

An antioxidative activity analysis was only performed on the macerated porang samples with a particle size
of <40 mesh, as those samples had been shown to have lower calcium oxalate levels and higher
glucomannan levels than the samples with a particle size of >40 mesh (see Table 1 and Figure 1). Table 2
describes the antioxidative activities of the macerated porang samples with various treatments. The results
showed that the control group had the highest antioxidant activity (which was not subjected to sieving and
soaking treatment) (p<0.05). This finding could not prove the increase of antioxidant compounds from the
ethanolic extract of SC to the porang, as the ethanolic solvent was rinsed twice after the maceration process.
SC was found to have many antioxidant compounds, including polyphenol, catechin, alkaloid, caffeine,
tannin, and vitamin (C, B1, and B2) compounds [14]. The SC maceration treatment actually caused the
natural antioxidant compounds in the porang flour to be wasted, possibly due to the washing of the ethanol,
which is an organic solvent capable of extracting non-polar compounds, especially antioxidants [15].
Therefore, the maceration of porang with ethanol could decrease the antioxidative activity of porang and
may not be suggested. It needs more study to select the right type of solvent to get high antioxidant activity.
The high antioxidant activity in porang is potential its uses as functional food in maintaining of health.

Table 2. Antioxidative activities of differently treated porang samples

Treatments Antioxidative activities (%)
AX 25.6+0.2a
AY 16.8+0.2b
AN 57.2+0.2c
CT 65.2+0.2d

Notes: AX (particle size of <40 mesh; maceration of X brand SC), AY (particle
size of <40 mesh; maceration of Y brand SC), AN (particle size of <40 mesh; no
maceration), CT (control, porang without treatment). Various letters
demonstrate dissimilarity between groups (p<0.05).



4. Conclusion

This study found that sieving treatment combined with maceration with the ethanolic extract of SC affected
the calcium oxalate and glucomannan levels of porang flour. More specifically, the porang samples with a
particle size of >40 mesh exhibited lower calcium oxalate levels and higher glucomannan levels. However,
the combination of the two treatments significantly reduced the antioxidant activity of the porang flour. The
further study is needed to find the right solvent of SC that may decrease calcium oxalate in porang and
maintaining its antioxidative activity.

References

(1

(2]
(3]
(4]
(3]

(6]

(7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

Chen H, Nie Q, Hu J, Huang X, Zhang K and Pan S 2019 Hypoglycemic and Hypolipidemic Effects
of Glucomannan Extracted from Konjac on Type 2 Diabetic Rats J Agric Food Chem 67 pp 5278-
88

Harmayani E, Aprilia V and Marsono Y 2014 Characterization of glucomannan from
Amorphophallus oncophyllus and its prebiotic activity in vivo Carbohydr Polym 112 pp 475-9
Zhang Y, Xie B and Gan X 2005 Advance in Application of Konjac Glucomannan and its
Derivatives Carbohydr Polim 60 pp 27-31

Noonan S C 1999 Oxalate content of foods and its effect on humans Asia Pac J Clin Nutr 8 pp 64—
74

Astuti R D, Prastowo A and Aprilia V 2017 Porang flour (Amorphophallus oncophyllus) with and
without soaking of keji beling extract increases the value of ureum on toxicity test in wistar rat
(Rattus norvegicus) Indones J Nutr Diet 5 pp 93-7

Ernawati E, Aprilia V and Pangastuti R 2018 The increase of blood creatinine levels and the gastric
histopathology of rat after feeding of porang (Amorphophallus oncophyllus) flour treated with
Strobilantehes crispa. Indones J Nutr Diet 6 pp 113-21

Aprilia V, Nurinda E, Alpina L, Hadi H, Ariftiyana S and Kurniasari Y 2020 Proses reduksi kalsium
oksalat pada tepung porang (Amorphophallus oncophyllus) dengan maserasi ekstrak daun keji
beling (Strobilanthes crispa) [Reduction Procedure of Calcium Oxalate in Porang Flour
(Amorphophallus oncophyllus) by Maceration of Strobilanthes crispa] (Indonesia: Intellectual
Property Database])

Wariyah C, Anwar C, Astuti M andSupriyadi 2021 Calcium fixation on fortified rice made with
various rice varieties Food Res 5 pp 285-90

Hue HT, Tinh H T, Van Bao N and Dao P T A 2020 Screening for antioxidant activity of vegetable
and fruit by-products and evaluating the ability of coffee sediment to preserve fish meal SN Appl Sci
2pp 1-7

Ariftiyana S, Nurfikasari L, Murniyati D, Prastowo A, Kurniasari Y and Hadi H 2022 Porang
(Amorphophallus oncophyllus) Flour Macerated with Strobilanthes crispus Reduced the Blood
Glucose Levels of Streptozotocin-Induced Diabetic Rats Open Access Maced J Med Sci 10 pp 127-
31

Witoyo J E, Widjanarko S B and Argo B D 2019 The effect of feed rate and inlet air velocity to
reduce calcium oxalate on porang chips using micro mill assisted Cyclone separator. AIP Conf Proc
2120

Faridah A and Widjanarko S B 2013 Optimization of Multilevel Ethanol Leaching Process of Porang
Flour (Amorphophallus muelleri) Using Response Surface Methodology Int J Adv Sci Eng Inf
Technol 3 pp 74-80

Tatirat O and Charoenrein S 2011 Physicochemical properties of konjac glucomannan extracted
from konjac fl our by a simple centrifugation process. LWT - Food Sci Technol 44 pp 2059-63
Nurraihana H and Norfarizan-Hanoon N A 2013 Phytochemistry, pharmacology and toxicology



properties of Strobilanthes crispus Int Food Res J 20 pp 2045-56
[15] Andriana A and Jura M R 2022 Antioxidant Activity Test of Ethanol Extract of Ripe and Young
Cocoa Pods (Theobroma Cacao L.). J Akad Kim 11 pp 64-71



