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INTRODUCTION

Background

Porang (Amorphophallus muelleri) is a type of tuber plant (Sari and Suhartati, 2009). The
benefits of porang tubers are mainly in the industrial and health fields, because of the
glucomannan content in the tuber flour. Porang has several benefits, such as being used as a
basic ingredient for noodles that are able to control cholesterol levels, overcome
constipation, and prevent diabetes (Alifianto et al., 2013; Bo et al., 2013).

Porang tubers can be used as chips (porang flakes) to increase their selling value.
Porang chips are thin slices of porang tubers that are then dried with the help of sunlight or
artificial tools (machines) to reduce the water content so that the material can last a long
time. Conventional drying using sunlight until now continues to be used because its
operation does not require special skills and the costs incurred are more affordable. Drying
in the sun takes a long time (6 days), depends on the weather, is not able to control the
temperature, humidity, and drying time in real time, and exposes the chips to dust,
pollution, and mold, which cause the chips to not meet the standards. One type of simple
solar dryer is the Green House Effect (GHE) type dryer. In general, some of the added values
of using GHE-type dryers are protection from weather conditions, cheap operation,
especially when using only solar energy radiation, and, no contact with the outside
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environment, which can improve the cleanliness of the porang chip products produced
(Zambharir et al., 2016).

During drying, the dried material may change its quality. Therefore, it is necessary to
do pretreatment before the material is dried. Pretreatment is an attempt to increase the
effectiveness of drying, improve appearance, and increase consumer preferences (Muhandri
et al., 2017). Pretreatment can be done in various ways, such as chopping, steaming,
fermenting, soaking, and so on (Amalia and Yuliana, 2013). One of the pretreatments in
tuber processing is soaking. Materials that can be used for soaking include sodium chloride
(NaCl) solution, lime solution (Ca(OH)2), baking powder solution (sodium bicarbonate), and
citric acid solution (Amalia and Yuliana, 2013; Nurvia et al., 2016; Wardani and Handrianto,
2019). Another soaking agent that is often used for flour products is bleach. The bleaching
agent that is often used in the flour bleaching process is sulfite bleach (Haryani et al., 2016).

Sodium metabisulfite (NaS:0s) was chosen as the immersion agent because, according
to research conducted by Reny and Indriaty (2015), immersion in a solution of sodium
metabisulfite produces a brighter color of Goroho banana flour compared to the results of
immersion in a solution of NaCl and citric acid. In addition, sodium metabisulfite was
chosen because sodium metabisulfite has been widely used to improve the color of various
types of flour, such as sweet potato flour, corn flour, cassava flour (Angelia and Hasan,
2018), pumpkin flour (Purwanto et al., 2013), walur flour (Sukri et al., 2014), and so on.
Sodium metabisulfite can protect the material from oxidation, which causes a browning
reaction (Padmadiningrum and Utomo, 2009). Soaking with sodium metabisulfite can also
accelerate the decrease in water content during drying (Darmawan et al., 2019). Sodium
metabisulfite has been used in some fruits and vegetables to keep them from turning brown
(Wardhani et al., 2016).

There are several factors that need to be considered to obtain the maximum drying
speed, such as (a) the surface area of the material, (b) temperature, (c) air velocity, (d)
humidity (RH), (e) atmospheric pressure and vacuum, and (f) time (Yando and Paramita,
2017). The thickness of the porang chip slices is an analytical study in this study because the
surface area of the material, which is influenced by the thickness of the chip slices, is a factor
that must be controlled during the drying process. Slice thicknesses of 0.5 cm, 1 cm, and 1.5
cm were used by Amalia and Yuliana (2013) in a study of the effect of the soaking and
boiling process on the calcium oxalate content of senthe tubers (Alocasia macrorrhiza L.
Schott). Slice thicknesses of 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm were used by Yando and
Paramita (2017) in a study of the effect of temperature and slice thickness on moisture
content, drying rate, and physical characteristics of cassava and sweet potato. Based on these
studies, slice thickness will affect the properties of the dried material, which include
calcium oxalate content, moisture content, drying rate, and physical properties, so the
thickness of the slices that will be used as the treatment level in this study is 4 mm, 6 mm,
and 8 mm.

Purposes

The objectives of this research activity are to determine the effect of slice thickness on
the quality of porang (Amorphophallus muelleri) tuber chips by soaking in 0.15% sodium
metabisulfite solution in Green House Effect drying and conventional drying and to
determine the slice thickness and drying method that produces the best quality of porang
tuber chips.
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RESEARCH METHODS

Equipments and Materials

This study used spektrofotometer, titration analysis equipment and colormeter. Thi
study also used porang (Amorphophallus muelleri), Sodium metabisulfite powder, 3.5 DNS
reagent, formic acid (CH>O») and sodium hydroxide (NaOH).
Methods

Preparation of samples

Sodium metabisulfite powder was dissolved in water at a concentration of 0.15%. The
use of 0.15 % sodium metabisulfite is the same as the use of 1500 ppm sodium metabisulfite,
or 1.5 g/liter of immersion solution. Then, the solution was stirred (Dwiyono and Djauhari,
2019).

Chips production

Porang tubers were sorted and selected if they were not deformed, and there were no
foreign bodies involved. The porang tubers were peeled, washed with running water, and
then sliced into thicknesses of 4 mm, 6 mm, and 8 mm using a knife and a porang tuber
cutting machine. Porang chips were drained and divided into two treatments, consist of
drying using the GHE method and drying using sunlight. Porang chips are arranged on a
drying rack, then dried using a GHE dryer at a temperature of around 50 to 60 °C for 3-4
days, depending on weather conditions during the drying process. Other porang chips were
arranged on a wire base and dried in direct sunlight for 3-4 days (Pramudita et al., 2020).

Physco-chemical analysis

The experimental design used a completely randomized design with three replicates of
samples and analysis. The analyses carried out in this study included brightness analysis
(Handayani et al., 2020), moisture content analysis (AOAC, 2005), glucomannan content
analysis (Widjanarko and Megawati, 2015), ash content analysis (Handayani et al., 2020),
and analysis of calcium oxalate levels (Maulina et al., 2012). Brightness analysis used a
sample of porang tuber chips photographed on a white background in the open. The photos
are then sent to the Paint software (Handayani et al., 2020).

The analysis of glucomannan levels in this study used the colorimetric assay method,
which refers to the research of Widjanarko and Megawati (2015) and Wardani et al. (2021).
This analysis consisted of making 3.5 dinitro salisilic acid (DNS )reagent, buffer solution,
standard glucose solution, standard glucose curve, glucomannan extract, glucomannan
hydrolyzate, and measuring the absorbance of the sample. Preparation of 3.5-DNS reagent
by mixing solutions A and B. Solution A was prepared by mixing phenol (0.70 g), 10%
(w/w) sodium hydroxide (1.50 mL), distilled water (5 mL), and sodium bisulfite (0.70 g).
Solution B was prepared by mixing sodium potassium tartrate (22.50 g), 10% sodium
hydroxide (30 ml), and 1% (w/w) 3.5-DNS (88 mL). A buffer solution of formic acid (CH2O)
and 0.1 M sodium hydroxide (NaOH) was prepared by mixing 1 mL of formic acid (CH-0»)
with 60 ml of distilled water in a 250-mL measuring flask. Weigh 0.25 g of sodium
hydroxide (NaOH) and dissolve it in 50 mL of aquadest. The resulting NaOH solution was
then put into the volumetric flask and diluted to 250 mL. A standard glucose solution of 1
mg/mL was prepared by weighing 0.1 g of analytical-grade glucose, which had previously
been dried to a constant weight at 105°C, and then diluted in 100 mL of distilled water.

The analysis of calcium levels in this study used the permanganometric titration
method, which refers to the study (Maulina et al., 2012). The principle of this method is the
oxidation-reduction reaction. The secondary standard solution used in this titration method
is potassium permanganate (KMnOi), where KMnO; is a strong oxidizing agent. The
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permanganometric titration method does not require an indicator because the secondary
standard solution can act as an indicator (Mursyidi and Rohman, 2006). Analysis of calcium
oxalate levels with this method consists of 2 stages, which are heating and permanganate
titration. In the heating stage, 2 g of the mashed porang chip sample were suspended in 190
mL of distilled water, which was put into a 250-mL Erlenmeyer, and then 10 mL of a 6-M
HCI solution was added. The suspension was heated at 100 °C for 1 hour, followed by
cooling, and then 250 mL of water was added before it was filtered. Then, the titration stage
begins with the amount of filtrate resulting from the heating stage being diluted to 300 mL,
and then 125 mL is taken to be heated to almost boiling, then titrated with a 0.05 M KMnO,
solution until it changes color to a pink color that almost disappears, which lasts for 30 s.

Data analysis

The study used a completely randomized design (CRD) with 2 treatment factors that
were different drying methods and slice thickness. The data obtained were analyzed by
SPSS version 16.0 using One Way ANOVA if there were significant differences between
treatments followed by the DMRT test (Duncan Multiple Range Test) with a significance
level of 0,05.

RESULTS AND DISCUSSION

Analysis of the physical and chemical properties of dried porang bulb chips under the
GHE and under normal conditions

In the results of the brightness analysis, all treatments were significantly different
(Table 1). Conventionally dried porang chips are darker because of the low drying
temperature (Dwiyono and Djauhari, 2019). In the results of the water content analysis, the
conventionally dried porang chips had a higher water content than the porang chips dried
using GHE. The moisture content of the porang chip samples between the thicknesses of the
slices in the conventional drying treatment was not significantly different. The GHE dryer
dries the chip samples at a higher and more stable temperature. GHE drying is an artificial
drying technique that utilizes a closed building whose walls and roof are made of
transparent material that functions as an insulating material so that the incoming heat
energy can increase the temperature in the drying room building (Wijayanti and Hariani,
2019). In the results of the analysis of glucomannan content, samples of porang chips with a
thickness of 4 mm and 8 mm dried in GHE were not significantly different from samples of
porang chips with a thickness of 6 mm dried in conventional methods. This is presumably
because the glucomannan in GHE drying has been damaged because the drying
temperature is above 60 °C (Zeng et al., 2020). In the analysis of ash content, all samples of
porang chips were significantly different. In thin slices of chips, drying occurs faster because
the thin slices reduce the distance that heat must travel to reach the center of the food, and
the drying temperature becomes higher. The higher the drying temperature, the higher the
ash content. The ash content increases because the water content that comes out of the
material is getting bigger (Amirrudin, 2013). In the analysis of calcium oxalate levels, all
samples of porang chips dried on GHE did not differ significantly. This is presumably due
to the lack of immersion time in the pretreatment and the lack of heating treatment. Calcium
oxalate has hydrothermal ability, so it can be removed by heating. Heating can be done by
drying, boiling, soaking in warm water, or roasting (Amalia and Yuliana, 2013; Lewu et al.,
2010).
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Table 1. Determination of the Best Treatment for Porang Bulb Chips

Parameter G4 G6 G8 K4 K6 K8
Brightness 5024274 425411k 333+132 559+11e 457+20¢ 3564332
Brightness 66 56 44 73 60 46

(%)

Water 9.92+0.032 10.46+0.24° 10.89+0.37¢ 12.84+0.06¢  12.55+0.084  12.80+0.03de

content (%)

Glucoman 42.00£6.99bc  30.20£6.572  46.18+3.87¢d  58.95+2.18¢  48.98+1.25¢  39.25+3.06b
an content

(%)

Ash 6.31+0.364 6.67+0.31¢ 5.63+0.18b 6.30+0.124  5.15+0.072 5.96£0.14¢

content (%)

Calsium  532.72485.314 587.45+£32.16¢ 557.90+43.99de 360.94+1.542 369.13+£1.992 476.69+3.57b
Oxalate

content (%)

Note: Different letter notations in one type of analysis (one line) indicate a significant difference at
the significance level = 0.05. G4: GHE drying, porang thickness 4 mm; G6: GHE drying, porang
thickness 6 mm; G8: GHE drying, porang thickness 8 mm; K4: conventional drying, porang
thickness 4 mm; K6: conventional drying, porang thickness 6 mm; K8: conventional drying, porang
thickness 8 mm.

Brightness of Porang Chips

In the Green House Effect, drying causes the brightness of the porang tuber chips to
decrease after the drying process. The percentage is obtained from the calculation of
brightness at maximum brightness. The maximum brightness in RGB imaging is 765 (Table
1). The brightness of a good porang tuber chip is more than 61% (Dwiyono et al., 2014).
Therefore, good chips are porang chips with a slice thickness of 4 mm. Then, the brightness
of all samples of chips was thought to be caused by immersion in a sodium metabisulfite
solution. The sulfite in sodium metabisulfite is a strong inhibitor that is effective in
inhibiting browning and has long been used as a solution to prevent browning of fruits and
vegetables (Wardhani et al., 2016). In non-enzymatic browning, sodium metabisulfite can
interact with the carbonyl group, the result of this reaction can bind melanoidin so as to
prevent brown color. Meanwhile, in enzymatic browning, sodium metabisulfite will reduce
disulfide bonds in the PPO enzyme so that the PPO enzyme cannot catalyze the oxidation of
phenolic compounds that cause browning. Porang tubers contain PPO enzymes and tannins,
which are phenolic compounds that cause browning (Zhao et al., 2010). The results of the
statistical analysis showed that the thickness of the porang tuber chip slices had a significant
effect on chip brightness (p<0.05). The thicker the slices of the porang chips, the darker the
color of the chips. One of the factors that affects the drying process is the surface area of the
material being dried. The surface area of the chips is affected by the thickness of the chip
slices. Chips that are too thick will take longer to dry, causing an increase in the contact time
between the chips and ambient oxygen. This can make oxidative browning happen more
often and make the light less bright (Zeng et al., 2020).

In conventional drying, the highest brightness was obtained in samples of porang
chips with a thickness of 4 mm (73%), and the lowest brightness at a thickness of 8 mm
(46%). The thicker the chips, the lower the brightness. Drying in the sun produces a higher
brightness than the GHE method of drying. This is because the heat of drying using the sun
is unstable because it is affected by weather and environmental conditions. The sun's drying
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temperature range is relatively lower than the GHE method's drying temperature range. The
drying temperature using sunlight ranges from 28 to 33 °C, while the drying temperature for
the GHE method ranges from 26 to 36 °C. Heat in solar drying cannot be collected as well as
heat in the GHE drying method, where the heat accumulates in greenhouse buildings
(Dharma et al., 2020; Dwiyono and Djauhari, 2019).

Glucomannan content

Based on the results of the statistical analysis, the thickness of the slices of porang
tuber chips dried using the GHE method had a significant effect on the levels of
glucomannan in the chips (p<0.05). The lowest glucomannan content was found in the 6 mm
slice thickness treatment sample. The highest glucomannan content was found in the 8 mm-
thick treatment sample. The content of glucomannan is influenced by the thickness of the
porang chips. The thinner the slices of porang chips, the lower the glucomannan content.
The low glucomannan is caused by the breakdown of glucomannan when the drying
temperature is above 60 °C and is thought to be due to the temperature instability in the
GHE dryer (Zeng et al., 2020). So the thinner the thickness of the porang, the greater the
potential for glucomannan to break down during drying.

The content of glucomannan in samples of porang chips that were dried in a vacuum
dryer in the study by Zeng et al. (2020) reached its lowest value when the chip thickness was
above 4 mm and the drying temperature was above 60 °C. Then, the highest glucomannan
content was found in porang chips with a thickness of 4 mm and a drying temperature of 50
°C. However, in the porang chip sample, the 8-mm slice thickness treatment that resulted
from this study had the highest glucomannan content, which should have been the lowest.
This is caused by the drying temperature that cannot be controlled on the Green House
Effect dryer used, and drying is carried out in the rainy season so that when the air in the
environment decreases, the drying temperature also decreases. This is in accordance with
the statement by Putra et al. (2014) that the temperature during the day fluctuates from time
to time following the pattern of environmental temperature and the intensity of solar
radiation. The average temperature at night is lower than during the day. In addition, the
GHE dryer needs a way to control the temperature and the temperature outside the dryer
can be changed to keep the drying temperature stable.

In conventional drying, the thickness of the chip slices affects the glucomannan
content. The thicker the slices of porang chips, the lower the glucomannan content. The low
glucomannan is thought to be caused by the breakdown of glucomannan when the drying
temperature is above 60 °C. Thin slices increase sample contact with sodium metabisulfite
immersion solution so that impurities are easily removed and glucomannan levels increase
(Zeng et al., 2020). Based on SNI 7939:2020 regarding the quality standard of porang chips,
all samples of chips are included in quality I with a glucomannan content criterion of 35%.
Based on the results of the statistical analysis, the thickness of the slices of porang tuber
chips dried using the conventional method using sunlight had a significant effect on the
levels of glucomannan in the chips (p<0.05).

Calcium Oxalate Content

All levels of calcium oxalate contained in the sample of porang chips did not meet the
permitted levels of calcium oxalate in tubers because the levels exceeded 71 mg/100 g. The 4
mm slice thickness treatment sample experienced a greater reduction in calcium oxalate than
the 6 mm and 8 mm slice thickness treatment samples. The thinner the slices, the shorter the
distance for the diffusion of water into the tuber pores, the rate of diffusion will be greater.
The water pressure will increase so that the needle-shaped calcium oxalate crystals will be
pushed out easily (Amalia and Yuliana, 2013). Based on statistical analysis, the thickness of
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the porang tuber chips dried using the GHE method did not significantly affect the calcium
oxalate chip content (p>0.05). This is presumably due to the lack of immersion time and the
unstable drying temperature. Calcium oxalate has hydrothermal ability, it can be removed
by heating. Heating can be done by drying, boiling, soaking in warm water, or roasting
(Amalia and Yuliana, 2013; Lewu et al., 2010).

Calcium oxalate levels in the sample chips can be reduced by immersing them in a
solution of sodium metabisulfite. Then, the levels of calcium oxalate in the treatment
samples with a thickness of 4 mm, 6 mm, and 8 mm were not significantly different. This is
in accordance with the results of research from Hermianti and Firdausni (2013), including
that soaking taro blocks in a 0.1% sodium metabisulfite solution can reduce the calcium
oxalate content by 0.05%. However, this reduction is less significant than the 1% salt
solution, which can reduce the calcium oxalate content by 0.094%. This is likely because
there wasn't enough time spent in water during the pretreatment, and there wasn't any
heating (Amalia and Yuliana, 2013). In conventional drying, the thicker the slices of porang
chips, the higher the calcium oxalate content. This is in line with Ni'maturohmah's research
(2019), which found that calcium oxalate levels increased quadratically with an increase in
chip weight and drying time. This is thought to be caused by the reduced water content in
the material during drying, which affects the increase in other components of the chips such
as calcium oxalate. Calcium oxalate levels are also influenced by many factors.
Environmental factors related to the oxalate content of porang tubers are temperature,
rainfall, percentage of weed cover, soil pH, availability of calcium in the soil, and cation
exchange capacity (CEC) (Ni'maturohmah, 2019). Based on the results of the statistical
analysis, the thickness of the slices of porang tuber chips dried using the conventional
method using sunlight significantly affected the levels of calcium oxalate chips (p<0.05).

Table 2. Results of the Analysis of Determining the Best Treatment for Porang Chips

Parameter Treatment Value
G4 G6 G8 K4 K6 K8
Brightness 5 3 1 6 4 2 0.65
Water content 6 5 4 1 3 2 1.00
Glucomanan content 3 1 4 6 5 2 0.81
Ash content 5 6 2 4 1 3 0.36
Clacium oxalate content 3 2 1 6 5 4 0.67
Total 1550 11.28 9.27 1520 13.33 8.67
Ranking 1 4 5 2 3 6

Determination of the Best Treatment for Porang Bulb Chips

The highest score on porang chips with a slice thickness of 4 mm is 15.50 (Table 2). So
that it can be seen that the best treatment on porang chips is the treatment of 4 mm slice
thickness with the Green House Effect drying method. The results of determining the best
treatment differ from the results of determining the best treatment in the study of Zeng et al.
(2020), porang chips with a slice thickness of 2 mm. This is due to differences in drying
methods and differences in parameters used in determining the best treatment. In this study,
samples of porang chips were dried using a vacuum drying method where the temperature
and vacuum pressure could be controlled. The optimal temperature and degree of vacuum
produced in the study by Zeng et al. (2020) are 60 °C and 0.06 MPa. The thickness of the
slices, temperature, and degree of vacuum produced a glucomannan content of 61.96% and
a whiteness of 82 degrees with a drying time of 5 hours.

In the research of Dwiyono and Djauhari (2019), the recommended slice thickness is 4-
6 mm to get good quality porang chips. If the porang chips are too thin, they can crumble
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and stick to the dryer. If the slices of porang chips are too thick, then drying can take longer
and trigger the growth of microbes on the chips. Therefore, porang chips with a slice
thickness of 4 mm were still feasible to use as the best treatment. The results of the best
treatment is the treatment of slice thickness, were dominated by the highest weight value on
the parameters of water content and glucomannan content. The water content in porang
chips greatly affects their quality and shelf life. High water content in foodstuffs can cause
some damage, including microbial growth, browning reactions, and fat hydrolysis (De Man,
1997). The compound glucomannan is likely to be in porang chips because it is a biomaterial
that can be used in many ways (Wigoeno et al., 2013)

CONCLUSION AND SUGGESTIONS

Conclusion

The quality of porang chips soaked in 0.15% sodium metabisulfite solution is
influenced by the drying method (Green House Effect or conventional drying) and the
thickness of the slices. The thicker the slices of the porang chips, the lower the brightness of
the chips. The thicker the slices of the porang chips, the higher the water content of the
chips. The thicker the slices of the porang chips, the lower the glucomannan content of the
porang chips. The thicker the slices of the porang chips, the lower the ash content of the
chips. The thicker the slices of porang chips, the higher the calcium oxalate content of the
chips. The treatment of slice thickness by immersion in a 0.15% sodium metabisulfite
solution gave the best results on the quality of porang chips (4 mm slice thickness by the
Green House Effect method). The thicker slices of porang chips have an effect on the quality
of the chips, especially on the water content and glucomannan content

Suggestions

Based on the research "Effect of Slice Thickness on the Quality of Porang Tuber Chips
(Amorphophallus muelleri) by Soaking in 0.15% Sodium Metabisulfite Solution in Green
House Effect Drying and Conventional Drying", suggestions for further research are to
conduct research on the quality of porang chips using a Green House Effect (GHE) type
dryer equipped with temperature control facilities so that the temperature in the GHE dryer
can be controlled as needed, research needs to be done on the effect of variations in
pretreatment using other types of solutions that can dissolve non-glucomannan components
in order to obtain a higher glucomannan content. It is necessary to conduct research on the
effect of pretreatment variations using other types of solutions that can reduce calcium
oxalate levels so that calcium oxalate levels can meet the permitted standards. It is necessary
to conduct research on other tests related to other chemical characteristics, such as dietary
fiber content, fat content, protein content, starch content, and Total Plate Count as additional
information that can be used as supporting data on the use of porang chips.
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