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Abstract. Porang (Amorphophallus oncophylus) tubers are one of the export commodities due to their
glucomannan content. This study aimed to investigate the characteristics of water fermentation and the quality of
porang fermented flour with the addition of Lactobacillus plantarum (LP), Bacillus subtilis (BS), and
Saccharomyces cerevisiae (SC). Fermentation was conducted using four treatments, namely LP+BS, LP+SC,
BS+SC which consisted of 10%v/v of inoculum, respectively, and LP+BS+SC which consisted of 7%v/v LP, 7%
BSv/v, and 6%SCv/v. During fermentation, pH, total acidity, and total microorganisms were observed. Proximate,
glucomannan content, starch content, fiber content, and antibacterial and prebiotics characteristics were observed
for fermented porang flour. The results showed that pH decreased while total acidity increased during fermentation.
Total aerobic bacteria had the highest population at 24 hours of fermentation while lactic acid bacteria had the
highest population at 24- and 48-hour fermentation. Yeast reached the highest population at 72 hours of
fermentation. Porang fermented flour with the addition of BS+SC contained the highest glucomannan content,
carbohydrate, and fiber content. Moreover, the flour with BS+SC had an antibacterial effect against Escherichia
coli and Staphylococcus aureus and supported the growth of Lactobacillus acidophilus. Porang fermented flour
which is processed with the addition of a mixed culture of BS and SC can be developed to improve the nutrititional
and functional properties of porang flour.
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INTRODUCTION

One of the processed products of porang
tubers is porang flour. Processing porang to be
flour is done to increase the economic value of
porang and prevent damage to porang tubers. The
quality of porang flour is determined by the high
glucomannan content (Budiastra & Noviyanti,
2023). Glucomannan has been used in various
fields such as food, health, cosmetics, and flavor
binders in seasonings (Behera & Ray, 2016;
Devaraj et al. 2019; Nurlela et al. 2019;
Widjanarko et al. 2022; Budiastra & Noviyanti
2023). Glucomannan content in porang tubers has
some characteristics such as high fiber content,
low calories, hydrocolloid, and low cholesterol
(Widjanarko et al. 2022; Suryana et al. 2022). Due
to these reasons, porang is suitable for use as a
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substitute for staple foods such as rice (Wahidah
et al., 2021). Moreover, glucomannan is known as
generally recommended as safe (GRAS) so it is
safe to consume (Behera and Ray 2016; Gomez et
al. 2017). Some previous studies showed that
glucomannan also had prebiotic capability
(Wardhani et al., 2017; Anggela et al., 2022).
Glucomannan is found in parenchyma tissue
and wrapped in starch in porang or konjac tubers
(Nurlela et al. 2021; Widjanarko et al. 2022).
Starch is an impurity compound in the extraction
of glucomannan (Wardhani et al. 2019; Nurlela et
al. 2021; Widjanarko et al. 2022). Microorganisms
have some enzymes to degrade starch such as
amylase. Several microorganisms have amylase
activity and have been used as starters in the food
industry, namely Bacillus subtilis, Lactobacillus
plantarum, and Saccharomyces cerevisiae.
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Bacillus subtilis is a kind of bacteria that has
amylase (David et al., 2018; Hu & Liu, 2021). B.
subtilis does not produce toxins, is easy to grow,
does not need expensive substrates, and does not
produce any metabolic side product (Andriani et
al., 2017). B.subtilis has been studied to be
developed into a probiotic, such as a probiotic for
shrimp (Andriani et al., 2017). B.subtilis also
excretes antimicrobial compounds and has the
potential to be used as a food preservative (Caulier
et al., 2019). B.subtilis has been used as a starter
for the fermentation of natto (Afzaal et al., 2022).
L.plantarum has amylase activity (Hattingh et al.,
2015). L.plantarum produces bacteriocins that
have antimicrobial effects (Kumar et al., 2016).
L.plantarum has been used as a starter for some
fermented foods, namely fermented taro tubers
(Wewo et al., 2018), sauerkraut (Zubaidah et al.,
2020), and sour cassava (Penido et al., 2018).
L.plantarum is also known as a probiotic (Fidanza
et al., 2021). Saccharomyces cerevisiae has
amylase activity. S.cerevisiae has been used as a
starter in the beer fermentation and bread industry
(Parapouli et al., 2020). S.cerevisiae has
antimicrobial and potential probiotics (Fakruddin
etal., 2017; Makky et al., 2021).

Fermentation is an ancient technique in
processing food that uses the capability of
microorganisms to degrade raw materials into be
desired product (Feng et al., 2018; Mani, 2018;
Sharma et al., 2020). Fermentation techniques
have been applied to some fermented flour,
namely sour cassava (Penido et al.,, 2018),
cassava-modified flour (Apriliani & Mulyadi,
2022), wheat fermented flour or sourdough (Zhao
et al., 2016; Dimidi et al., 2019). Some
characteristics of foods change due to the activity
of microorganisms involved in fermentation.
Fermented foods have some benefits such as
preserving foods and increasing the nutritive,
namely amino acids, vitamins, and minerals
(Dimidi et al., 2019; Sharma et al., 2020). These
compounds support the growth of probiotics and
stimulate the prebiotic functions, consequently
improving the functional properties of food
(Cuamatzin-garcia et al., 2022). Some fermented
foods contain probiotics such as kimchi (Song et
al., 2023) and hentak (Singh et al., 2018). A
prebiotic is defined as a non-digestible and non-
hydrolyzable carbohydrate that encourages the
growth of good bacteria in the intestinal tract
(Wardhani et al., 2017)

The fermented porang flour with the addition
of Lactobacillus bulgaricus contained lower
starch than without fermentation (Nur’aini et al.,
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2021). The treatments of mixing cultures of L.
plantarum, B. subtilis, and S.cerevisiae in
processing porang tubers had not been
investigated. This research aimed to investigate
the effect of adding a mixture starter of
L.plantarum, B. subtilis, and S.cerevisiae on the
characteristics ~ physical, chemical, and
microbiological of fermentation water during
fermentation. Moreover, this study aimed to
investigate the nutrition, antibacterial, and
prebiotic characteristics of fermented porang flour
after 72 hours of fermentation

METHODS

Preparation of starter

Bacillus subtilis (BS) was cultivated in
Nutrient Broth (NB) media, Lactobacillus
plantarum (LP) was cultivated in MRS broth,
Saccharomyces cerevisiae (SC) was cultivated in
Potato Dextrose Broth (PDB) at pH 4. A total of 2
loops of inoculation needles of 24 hours old pure
cultures of B.subtilis in slant agar were taken and
dipped in 100 mL of sterilized Nutrient Broth
liquid media. For L. plantarum and S.cerevisiae, 2
loops of inoculation needle of 48-hour-old pure
cultures of L.plantarum and S.cerevisiae in slant
agar were taken and dipped in 100 mL of sterilized
MRS liquid media for L.plantarum and PDB for
S.cerevisiae. B.subtilis was incubated at room
temperature for 24 hours while L.plantarum and
S.cervisiae were incubated for 48 hours. After 24
hours incubation for B.subtilis and 48 hours for
L.plantarum and S.cerevisiae, the growth of
bacteria and yeast in the medium were centrifuged
at 10,000 rpm for 10 minutes. The supernatants
were discarded. The cells were washed using
distilled water and centrifuged again at 10,000
rpm for 10 minutes. Then the cells were added to
distilled water until McFarland 0.5 turbidity was
obtained.

Fermentation of porang

Peeled, sliced, and washed porang tubers
were weighed 1 kg and soaked with 1.5 L sterile
distilled water in a closed plastic container. Stater
of bacteria and yeast for all treatments were added
to the container. Fermentation was conducted
using four treatments, namely LP+BS, LP+SC,
BS+SC which consisted of 10%v/v of inoculum,
respectively, and LP+BS+SC which consisted of
7%viv LP, 7% BSv/v, and 6%SCv/v. Each
treatment was done in three replicates.
Fermentation was carried out for 72 hours. Every
24 hours, 150 mL of water fermentation was taken
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for further analysis. After 72 hours, fermented
porang tubers were drained and dried using a food
dehydrator at 50°C for 24 hours. Dried fermented
porang tubers were ground and sieved using 90
mesh sieves. The flour yielded was mentioned as
fermented porang flour.

pH and total acidity

pH was measured using a pH meter (Ohaus
ST 2100-F, USA). Total acidity was determined
using titration of 0.1 N NaOH (Kaminarides et al.,
2019).

Total microorganism

Bacterial and yeast enumeration was done
according to the total plate count method. 100 pL
of porang fermentation water from serial dilution
tubes from 10 until 10 dilution were spread on
to Nutrient Agar (NA), de Man Ragose Agar
(MRS agar), and Potato Dextrose Agar (PDA) for
cultivated aerobic bacteria, lactic acid bacteria and
yeast, respectively. NA and MRS agar were
incubated at 37°C for 24 hours and 48 hours for
aerobic bacteria and lactic acid bacteria,
respectively. PDA was incubated at 25°C for 72
hours for cultivation of yeast. The total colonies
growing on the agar plates were counted.

Proximate analysis

Moisture  was  determined by the
thermogravimetry method (oven drying methods)
(AOAC, 2006). Ash content was measured by
thermogravimetry method (furnace method)
(AOAC, 2006). The crude protein was measured
by the Kjeldahl method principle with a 6.25
conversion factor using the Foss Tecator Kjeltec
8400 instrument (Persson et al., 2008). Crude fat
was determined by the hydrolysis/Weibull method
(Alika & Atma 2018). Carbohydrate content was
calculated by subtracting 100% from the sum of
water, protein, ash, and fat contents. All of the
aforementioned measurements were performed in
triplicates

Glucomannan content

Glucomannan content was measured using
DNS according to Chua et al., (2012) . Briefly,
there were some steps to measure the
glucomannan quantitatively, namely
glucomannan extraction, construction of glucose
curve standard, extraction of glucomannan
extract, extraction of glucomannan hydrolysate,
and absorbance measurement.
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Strach

Starch content was determined by enzymatic
colorimetric method (Zhu et al. 2016). 100 mg of
flour was added to a test tube. Next, 0.2 mL of
ethanol solution (80%, v/v) was added into the
tube. Next, 3.0 mL of thermostable a-amylase
(Megazyme, USA) was immediately added, and
the tubes were boiled for 6 min and stirred at 2-
min intervals. Tubes were then placed in a 50°C
water bath for 5 min. Next, 0.1 mL of
amyloglucosidase (Megazyme, USA) was added
to each tube. Tubes were then stirred and
incubated for 30 min. 10 mL of distilled water was
poured into each tube and followed by
centrifugation at 1,800 x g for 10 min at room
temperature. Next, 1.0 mL of aliquots from the
supernatant was diluted to 10 mL with distilled
water. Then, 0.1 mL of this diluted solution was
placed into a clean test tube. A total of 3 mL of
glucose oxidase reagent (Diagnostic System
International, Germany) was added to each tube
and incubated at 50°C for 20 min. For blanks, 0.1
mL of water was used instead of 0.1 mL of diluted
solution, and the other reagents were added with
the same quantity. Samples were read for
absorbance at 510 nm.

Crude fiber

The crude fiber was determined by
gravimetry methods (Dwiloka et al. 2019). 1 gram
(x) of samples was mixed with 50 ml of H,SO,4 0.3
N and extracted for 30 min. Then, the extraction
result was added with 25 ml of NaOH 1.5 N and
extracted again for 30 min. Whatman filter paper
number 41 was heated at 105°C for 1 hour and
then weighed (a). The extracted extract was then
filtered with heated Whatman 41 paper. The
filtered sample is then washed successively with
50 ml of hot water, 50 ml of H,SO4 0.3 N, 50 ml
of hot water, and 25 ml of 70% alcohol. Filter
paper and the contents of the sample were put in a
porcelain dish and then dried in an oven at 105° C
for 6 hours. The sample was cooled in the
desiccator for 15 min then weighed (). After
weighing, the sample was put in a furnace
temperature of 550°C for 6 hours then cooled in a
desiccator, and weighed (2).

Calculation of crude fiber by the formula:

Y—-Z
% Crude Fiber =

—a
X 100

Antibacterial activity
Antibacterial activity has been carried out
according to Helmi et al., (2015). The antibacterial
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activity of porang fermented flour was determined
by the disc diffusion method. Porang fermented
flour was dissolved in aquadest until getting the
concentration (1%, 10%, and 50%). A total of 100
UL bacteria suspension with turbidity Mc. Farland
0.5 was spread onto Petri dishes (90 mm on each
side). Then, a 6 mm diameter of the blank disc
that had been soaked in porang fermented flour
with different concentrations for 5 minutes was
placed on the surface of the medium. Antibiotic
kanamycin as positive control was prepared in the
same treatment with porang fermented flour. Petri
dishes were incubated at 37°C for 24 hours. The
clear zone surrounding the disc represented the
antibacterial activity. The diameter of the clear
zone was measured using a digital Vernier
Caliper. The clear zone was calculated by
subtracting the total inhibition by the diameter of
the paper disc (6 mm).

Prebiotic activity

Prebiotic activity was observed by total
viable count according to Wardhani et al., (2017)
with modification. Fermented porang flour was
used as a substrate to support the growth of
Lactobacillus acidophilus as a probiotic.
Fermented porang flour (10 grams), MRS Broth
media (90mL), and L.acidophilus were placed in
an Erlenmeyer tube and incubated at 37°C for 24
and 48 hours. Every 24 hours, serial dilutions of
an incubated mixture of fermented porang flour,
media, and probiotics were prepared. Then 100uL
of the 10%,10%107 and 10°® of dilution were
spread onto MRS agar and incubated for 48 hours.
The viable count of colonies on MRS agar was
counted. Only 30-300 colonies were counted.

RESULTS AND DISCUSSION

The pH, total acidity, total bacteria, and yeast
of fermented porang’s water are shown in Table 1.
All treatments showed the same trends, namely a
decrease in pH and an increase in total acid during
fermentation. The drop in pH during fermentation
was also noticed at porang fermentation with
starter A.niger (Wardhani et al., 2017) and
L.bulgaricus (Nur’aini et al., 2021). A decrease in
pH could be caused by the degradation of glucose
into organic acids such as lactic acid and acetic
acid by certain microorganisms such as lactic acid
bacteria. Both LAB (L.plantarum), B.subtilis, and
S.cerevisiae can utilize glucose to become acid
(Wang et al., 2021; Mukherjee & Venkata Mohan,
2021; Fakruddin et al., 2017). A decrease in pH
was followed by an increase in total acidity. The
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increase in total acidity was caused by the
production of various acids such as acetic acid,
lactic acid, and other organic acids (Riesute et al.,
2021). The longer the fermentation, the higher the
acid was produced. The lowest pH was found in
the LP+BS+SC treatment and had the highest total
acidity at 72 hours of fermentation. Both
L.plantarum, B.subtilis, and S.cerevisiae were
able to produce acid so that at 72 hours of
fermentation the total acidity and pH in this
treatment were higher than in other treatments.

All treatments showed that total aerobic
bacteria increased up to 24 hours and decreased
from the 48th day of fermentation to the end of
fermentation. At the beginning of fermentation,
there was still oxygen remaining which allowed
aerobic or facultative bacteria to survive and grow
up to 48 hours. After 48 hours, there were oxygen
depletion and toxic compounds resulting from
bacterial and yeast metabolism. These compounds
such as lactic acid or other organic acids, ethanol,
bacteriocins, hydrogen peroxide, and low pH
could inhibit the growth of microorganisms (Joshi
et al., 2018; Zang et al., 2020).

The LP+BS and LP+BS+SC treatments had
the highest LAB population at 24 hours of
fermentation and decreased until the end of
fermentation. The addition of LAB to these two
treatments before fermentation caused an increase
in LAB population at the beginning of
fermentation. BS produced bacteriocins which had
broad antimicrobial effect than LAB (Caulier et
al., 2019). SC produces alcohol and is used as a
starter in alcoholic fermentation (Parapouli et al.,
2020). The presence of bacteriocin produced by
BS and alcohol by SC inhibited the growth of LAB
after 48 hours of fermentation. In the LP+SC and
BS+SC treatments, the LAB population continued
to increase until the end of fermentation.
According to Liu et al., (2022) L. plantarum cells
inhibited S. cerevisiae growth with a mechanism
when L. plantarum cell density reached the
threshold at 24 hours, all genes in the lamBDCA
guorum sensing (QS) system was upregulated to
potentially increase adhesion capability, leading to
the aggregation to S. cerevisiae cell. This
mechanism made the LP population continue to
increase until the end of fermentation in the
LP+SC treatment. In the BS+SC treatment
without the addition of LAB made LAB grew less
than in other treatments but the population
continued to increase until the end of
fermentation. The presence of simple sugars
resulting from the breakdown of complex
carbohydrates such as starch and glucomannan by
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BS bacteria and SC yeast made the LAB
population increase until the end of fermentation.
It can be seen in Table 2, that the starch content in
this treatment is the smallest. It is suspected that
the starch had degraded into simple sugars which
supported the growth of LAB until the end of
fermentation.

All of the treatments had the same dynamic
patterns of the yeast population. The yeast
population was high at the beginning of
fermentation which was derived from raw
materials, namely porang tubers. The yeast
population decreased at 24 and 48 hours of
fermentation. A gradual decrease in yeast was also
noticed at cabbage fermentation after 24 hours of
fermentation (Satora et al., 2020). At 72 hours of
fermentation, the yeast population increased. The
decrease in the number of yeasts at 24 and 48
hours was due to the pH not being supportive of
yeast growth and competition with aerobic
bacteria. Even without the addition of yeast, the

LP+BS treatment contained almost the same
amount of yeast as the other treatments. Previous
studies reported that yeast population during
fermentation can be derived from raw material
(Kergourlay et al., 2015; Satora et al., 2020). A
decrease in the number of yeasts can be caused by
conditions not suitable for yeast growth up to 48
hours of fermentation. Yeasts need a low or acidic
pH to grow (Maicas, 2020). Some yeast uses
organic acids as a carbon source (Satora et al.,
2020). The presence of yeast which is tolerant to
low pH, and lactic acid increased the increase of
yeast population. The high total acid and low pH
caused the yeast to increase again at 72 hours of
fermentation. According to Rahayu et al. (2021),
there is a synergism between yeast, aerobic
bacteria, and lactic acid bacteria. During cocoa
fermentation, yeast produces vitamins for the
growth of LAB and aerobic bacteria. Meanwhile,
LAB and acid-producing aerobic bacteria will
produce acids that support the growth of yeast.

Table 1. pH, total acidity, and total microorganisms of fermented porang flour.

Treatments Length of pH Total Total Total LAB Total yeast

fermentation acidity (%) aerobic (log (log
bacteria CFU/mL) CFU/mL)
(hours) (log
CFU/mL)

LP+BS 0 6.00+0.11  0.1+0.00 5.30+0.75 3.08+0.22  2.96+0.52
24 5.3040.03  0.2+0.02  7.90+0.33 5.72+0.15  2.43+0.44
48 5.06+0.03 0.4+0.03  7.85+0.24 4.49+0.13  2.76+0.31
72 497+0.01 0.6+0.01  6.88+0.97 4.34+0.07  3.29+0.59

LP+SC 0 6.05£0.19 0.1+0.00  5.31+0.12 3.23+0.09  3.38%0.22
24 5.94+0.05 0.2+0.01  6.73+0.19 4.11+0.15  2.58+0.25
48 5.07+0.02 0.4+0.00 6.52+0.09 5.59+0.77  2.81+0.16
72 4.95+0.08 0.74#0.02  592+0.17 5.88+0.11  3.82+0.41

BS+SC 0 6.0840.02 0.1+0.00  6.11+0.81 3.00+0.18  3.28+0.07
24 5.86+0.06 0.2+0.01  8.05+0.05 3.90+0.02  2.70+0.37
48 5.17+0.01 0.3+0.01  7.05+0.11 4.60+0.05  2.63+0.07
72 5.03+0.02  0.5+0.01  5.93+0.18 5.28+0.14  3.41+0.21

LP+BS+SC 0 5.99+0.03 0.1+0.00  4.67+0.23 3.54+0.17  3.19+0.08
24 5.34+0.07 0.1#0.00 7.59+1.11 6.80+0.23  3.11+0.54
48 5.22+0.09 0.6£0.02  7.81+0.09 6.77+0.37  3.00+0.25
72 454+0.02 1.2+0.02  6.54+0.05 6.08+0.06  3.89+0.18

At 0 hours of fermentation, it already
contained aerobic bacteria, LAB, and yeast. These
microorganisms are natural microorganisms that
derive from porang tubers. At the beginning of
fermentation, it was assumed that yeast used
simple glucose to produce ethanol. Ethanol can be
converted into acetic acid by aerobic bacteria
(Rahayu et al., 2021). At 24 hours, the available
glucose was used by BAL to produce lactic acid.
During fermentation, all treatments showed that

120

aerobic bacteria and LAB played a role at 24 to 48
hours of fermentation, while yeast at 72 hours of
fermentation. The growth of bacteria at the
beginning of fermentation, especially BS and LP,
played a role in degrading complex carbohydrates
such as starch into simple glucose. Yeast uses
simple glucose to convert it into ethanol (Helmi et
al., 2024). At the end of fermentation, bacteria
decreased which was caused by the alcohol and
acid content. In line with Ambonese arrack
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fermentation and inasua traditional fermented fish,
the number of microorganisms decreased at the
end of fermentation due to the accumulation of
alcohol and acid content because fermentation
took place in batch culture (Mahulette et al., 2018;
Mahulette & Astuti, 2020).

The fermentation process caused an increase
in the glucomannan content of porang tubers
compared to without fermentation (Table 2).
However, in the LP+BS+SC treatment, the
glucomannan content was smaller than without
fermentation. It could be caused by glucomannan
that had been degraded into glucose and mannan
at 72 hours of fermentation. In line with pH and
total acid at 72 hours of fermentation (Table 1), the
LP+BS+SC treatment had the lowest pH and the
highest total acid (acidity). The lowest pH and the
highest acidity were caused by the degradation of
glucose to organic acids. Moreover, LP+BS+SC
also had the lowest starch content. It was assumed
that the low level of starch was caused by the
degradation of starch into simpler molecules such
as glucose. Glucose can be converted into organic

acids such as acetic acid and lactic acid or
converted into alcohol (Joshi et al., 2018). These
results showed that 72 hours was not the right time
for stopping fermentation for the LP+BS+SC
treatment.

The BS+SC treatment had the highest
glucomannan levels. This treatment also has the
lowest starch content and the highest carbohydrate
content. In this treatment, the high carbohydrate
content was derived from glucomannan. Starch is
one of the impurities in glucomannan flour. The
results showed that at 72 hours of fermentation,
BS+SC treatment was the best treatment to
produce high glucomannan flour with few
impurities. This treatment also contained higher
fat and lower protein. In addition to the BS+SC
treatment, it had the lowest protein content, even
lower than without fermentation. BS has protease
activity (Soeka & Sulistiani, 2014) as well as SC.
It meant that the protein in the BS+SC fermented
flour at 72 hours of fermentation had been
degraded.

Table 2. The proximate, crude fiber, starch, and glucomannan content of non-fermented and fermented

porang flour after 72 days of fermentation.

Parameter Non LP+BS LP+SC BS+SC LP+BS+SC
Fermented
Porang Flour
Water (%) 10.70+0.13 11.26+0.13 10.80+0.08 10.52+0.16 10.70+0,13
Ash (%) 6.08+0.06 5.82+0.04 5.14+0.02 5.05+0.13 5.16+0.15
Protein (%) 8.03+0.18 8.48+0.23 7.47+0.17 7.25+0.16 8.03+0.11
Fat (%) 1.59+0.05 1.73+ 0.04 1.64+0.04 1.86+0.05 1.24+0.04
Carbohydrate (%) 73.62+0.47 72.72+0.43 74.96+0.27 75.33+0.08 74.82+0.47
Starch (%) 51.46+0.74 52.60+0.08 54.29+0.82 49.93+0.79 48.00+0.16
Fiber (%) 1.13+0.02 3.10+0.11 1.85+0.04 4.50+0.09 3.38+0.09
Glucomannan (%) 28.90+4.79 47.23+7.61 61.14+3.81 65.73+4.88 15.04+1.19

Table 2 shows that the fermented porang
flour with the treatment BS+SC had higher fiber
content. This could be caused by the degradation
of the fibers into fine fibers so that they pass
through the 90-mesh sieve. In the treatment
without BS, the fiber had not been degraded so it
does not pass through the 90-mesh sieve so it has
a lower fiber content. BS is a bacteria that can
dissolve fiber through cellulolytic activity
(Kresnowati et al., 2019).

Table 2 shows that the LP+BS treatment had
the highest water content. The highest ash content
was reached by flour without fermentation. It was
caused by the high content of calcium oxalate in
unfermented porang. Porang belongs to the
Aracaceae family (Kumoro et al.,, 2019) and
contains calcium oxalate (Chairiyah et al., 2016).
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Porang fermented flour with BS+SC treatment had
the lowest calcium oxalate. It could be caused by
high levels of organic acids which was produced
by BS+SC. Organic acids can dissolve the calcium
oxalate found in porang (Agustin et al., 2017;
Wardani & Arifiyana, 2020). BS produces various
organic acids and can convert alcohol into various
acids. BS can produce lactate, acetate, butaniol,
and a small amount of alcohol (Mukherjee &
Venkata  Mohan, 2021). Saccharomyces
cerevisiae produced ethanol (Varize et al., 2022).
Aerobic bacteria such as BS could change ethanol
to acetic acid (Rahayu et al., 2021).

Figure 1 shows the antibacterial activity of
fermented porang flour after 72 hours of
fermentation against gram-positive and negative
bacteria. Antibacterial test results showed that
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BS+SC treatment had antibacterial activity which
began at a concentration of 10%. Porang flour with
BS+SC treatment was able to inhibit E. coli and
S.aureus. Metabolites which were produced by
bacteria, namely various acids and alcohol
imbibed into the flour. BS had activity to inhibit
Staphylococcus aureus, Escherichia coli, and
Pseudomonas aeruginosa (Singh et al., 2018). SC
also has antibacterial activity against both Gram-
positive and Gram-negative bacteria (Al-sahlany
et al.,, 2020). SC produced peptides with a
molecular weight of 99.7 kilodaltons with a pH of
4-7 to inhibit E.coli and S.aureus with the
adsorption mechanism of bioactive peptides.
These peptides degrade bacterial cell membranes,
leading to complete damage to the membrane (Al-
sahlany et al., 2020). SC isolated from fruit has
antibacterial, antifungal, antioxidant properties
and potential probiotics (Fakruddin et al., 2017).

Yeast can also produce Killer toxins to inhibit
other microorganisms (Satora et al., 2020). Based
on Table 3, fermented porang flour inhibited
Gram-positive bacteria more than Gram-negative
bacteria. According to Al-sahlany et al. (2020) and
Makky et al. (2021), S.cerevisiae inhibited more
Gram-negative bacteria than Gram-positive
bacteria. The presence of secondary metabolites
produced by B. subtilis was assumed to influence
the inhibition mechanism of fermented porang
flour against bacteria. B.subtilis produces various
secondary metabolites that can inhibit other
bacteria (Caulier et al., 2019). BS had bacteriocins
with a broader spectrum than Lactobacillus. The
mixture of metabolites from BS and SC changed
the bacterial inhibitory mechanism when
compared to the metabolites produced by either
microorganism alone.

Table 3. The antibacterial activity of fermented porang flour against E.coli and S.aureus

Bacteria Concentration Inhibition zone (mm)
LP+BS LP+SC BS+SC LP+BS+SC
(%)
Escherichia coli Positive control 0 0 46.03£8.30 0
1 0 0 0 0
10 0 0 7.07+1.01 0
50 0 0 16.1045.95 0
Staphylococcus Positive control 0 0 42.41+2.58 0
aureus
1 0 0 0 0
10 0 0 8.55+1.82 0
50 0 0 24.62+2.79 0

.-%"’)4 /

r s
Figure 1. The clear (inhibition) zone of fermented porang Tlour against S.aureus. (a). Inhibition zone of
porang flour with addition of LP+SC (left), and BS+SC (right) at 50% concentration,
respectively; (b). Inhibition zone of fermented porang flour with addition BS+SC at 1%
concentration (left) and 10% concentration (right).

Prebiotics showed that fermented porang’s
flour may be developed to be prebiotics (Table 4).
The porang fermented flour could increase the
population of L. acidophilus except for the
fermented flour with treatment LP+BS+SC. In
line with glucomannan content in Table 2,
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LP+BS+SC contained the lowest glucomannan
content. Glucomannan is known as Generally
recommended as safe (GRAS) so it is safe to
consume (Zhou et al., 2022). Glucomannan was
known as a prebiotic. The prebiotic ability of
glucomannan was caused by KGM gels can
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provide a continuously moist environment. KGM
has properties to regulate the stability and
rheological properties of emulsions, which
provides an interesting prospect for the
development of prebiotic emulsions with multiple
applications (Zhou et al., 2022). Isolate Bacillus
subtilis which was isolated from Hentak (India ‘s
fermented food), had high antimicrobial activity
against Staphylococcus aureus, Escherichia coli,
and Pseudomonas aeruginosa. Moreover, this
bacterium had probiotic activity due to the
capability to form biofilm and survive at low pH

(4.0) (Singh et al., 2018). S.cereviase is also
known as a probiotic (Fakruddin et al., 2017).
S.cereviseae  produces  some  metabolite
compounds, namely organic acids as well as
vitamin B. S.cereviase can assimilate cholesterol
and produce killer toxins (Fakruddin et al., 2017).
L.acidophilus is a probiotic bacterium because this
bacterium is resistant to bile acid and gastric juice.
L.acidophilus has antioxidant ability and
protective effects against cell damage (Hoffmann
etal., 2019).

Table 4. The prebiotic activity of fermented porang flour to L.acidophilus

Fermented porang flour

Total colony (log CFU/gram)

24 hours 48 hours
Non Fermented Porang Flour 7.34+0.34 8.60+0.02
LP+BS 7.43+0.58 8.88+0.23
LP+SC 8.33+0.06 9.16+0.20
BS+SC 8.63+0.63 8.89+0.08
LP+BS+SC 6.88+0.22 8.14+0.47

Overall, the addition of a starter may have
benefits for the industry of porang flour.
Fermented porang flour can increase the
nutritional and functional value of porang flour.
The addition of a starter can reduce the anti-
nutritional compound in porang flour, namely
calcium oxalate, which can be noticed from the
decrease in ash content. The use of starters,
namely B.subtilis and S.cerevisiae can effectively
increase glucomannan and carbohydrate levels.
Porang fermented flour produced by adding these
bacteria can improve the purity of glucomannan,
as seen from the low starch content. Porang flour
is used in the food industry and also as a diet for
weight loss. The highest fiber content of porang
fermented flour with the addition of B.subtilis and
S.cerevisiae may suit for diet. Fermented porang
flour with the addition of B. subtilis and S.
cerevisiae also had the best antibacterial and
prebiotic capabilities. It is hoped that the use of
these bacteria as starters in the porang tuber
processing industry can provide added value and
increase Indonesian porang exports.

CONCLUSION

Fermentation can increase the glucomannan
levels of porang tubers. Fermented porang flour
with adding Bacillus subtilis and Saccharomyces
cerevisiae at 72 hours of fermentation can be
developed as a nutritional and functional food
because it contains high glucomannan, has
antibacterial activity, and has prebiotic properties.
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Moreover, this treatment also had the highest fiber
and carbohydrate content. The pH and total acidity
at 72 hours of fermentation of porang tubers with
the treatment of Lactobacillus plantarum, Bacillus
subtilis, and Saccharomyces cerevisiae showed
that carbohydrate and glucomannan had been
degraded faster than other treatments so that it had
the lowest glucomannan and starch content. In
future research, the study about the dynamics of
organic acids and ethanol content during porang
fermentation using B.subtilis and S.cerevisiae
starters needs to be observed to better understand
the fermentation mechanism or process so that the
quality of the porang flour produced can be
improved.
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