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Abstracﬂniana N, Sumardi, Jatmiko E, Rosaline M, Igbal 020. Potentially lactic acid bacteria as an EPS producing starter from
yellow sweet potato fermentation. Biodiversitas 21: 4269-4275%otentially lactic acid bacteria as a starter for EPS production from yellow
sweet potato fermentation were determined. The fermentation profile and partial characteristics of isolated lactic acid bacteria were used as
considerations. The fermentation of yellow sweet potato was performed in the back-slopping and spontaneous procedure and was paid
attention to the hours of 0, 24, 48, and 72. The results showed that the 72 hours of fermentation was found to have the highest EPS
metabolites, the most upper the number of a LAB, the highest total lactic acid, and the lowest pH. The 72 hours of fermentation also seemed
to cause a significant change in the sweet potato starch granules morphology. The potential starter, therefore, can be taken from the yellow
sweet potato fermentation either spontaneously or by a back-slopping method, at 72 hours. From the sixty selected LAB, the 34 strains
showed an ability to produce EPS. Among these, eight strains exhibited the potential high production of EPS. They were capable of growth
on 28-45°C and exhibited tolerance to 3-4% NaCl. The favorable carbon sources for the growth and production of EPS were isolated

dependent.
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INTRODUCTION

White sweet potato (SP) is important food crop that has
potential to be used in composite flour to substitute the
wheat. The naturally sweet potato flour, however, has some
drawbacks properties. Slightly dark color (Trejo-Gonzélez
et al. 2014), low viscosity (Aprianita et al. 2009), less
swelling power (Yuliana et al. 2014), and low loaf volume
when applied to bread products (Amal 2015), make the
utilization of sweet potato flour as wheat substituted flour
acceptable for consumers is still low. Thus, sweet potatoes
that are processed into flour require a modification process
to be more applicable flour for further processing.
Modification of sweet potato flour can be done through
lactic acid fermentation (Yuliana et al. 2014; Amajor et al.
2014; Liao and Wu 2017). Sweet potatoes flour made with
lactic acid fermentation has better physicochemical
properties and aroma (Yuliana et al. 2014; Liao and Wu
2017; Yuliana et al. 2017; Yuliana et al. 2018).
Amylolyctic enzymes and acid action during lactic
fermentation could change the structure of the starch
granules (Diaz et al. 2018; Guo et al. 2019). Changes of the
starch granule could lead to a modification in fermented SP
starch or flour properties such as increasing peak viscosity
and water-binding capacity, which in turn increasing the
capacity of starch to swell quickly (Yuliana et al. 2014;
Ajayi et al. 2016). Fermentation also improves the
whiteness of SP flour by reducing component factors
causing the browning (Yuliana et al. 2018). In terms of the
aroma, in addition to organic acid, the functional groups

such as hydroxyl, aldehydes, alcohol, and carboxyl are
present in the fermented samples of SP flour (Ajayi et al.
2019). Besides, fermentation with the help of specific lactic
acid bacteria can produce an exopolysaccharide (EPS),
which is useful for improving the functional properties of
flour. Many authors have explored the role of the EPS in
strengthening some flour and or starch properties such as
increase binding and water holding capacity, improve
viscosity, stabilize gel structure and improve rheological
parameters (Patel and Prajapati 2013; Karasu and Ermis
2019).

The lactic acid fermentation process can occur with the
help of a starter of lactic acid bacteria (LAB). The progress
in optimizing the growth factors of desired lactic acid
bacteria will influence the success of the lactic acid
fermentation process. These factors will provide different
conditions for each type of starter according to their
environment to affect the fermentation. Besides, each
microbial starter will show differences in growth patterns,
the period needed to grow and adapt, and the metabolites
produced (Zajsek et al. 2013; Ajayi et al. 2016; Anino et al.
2019; Kurniadi et al. 2019).

Therefore, among others, the starter culture is essential
to determine the efficiency of the fer ation process.
The uses of the culture will help obtain thé®pecific changes
in the chemical composition, nutritional value, and
sensorial properties of the substrate. By helping with a
starter culture, the fermentation process, and consistent
quality product with improved hygiene could be optimized
(Ajayi et al. 2016). Therefore, it is a challenge to find out
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the starter culture with EPS-producing properties, and the
data related to growth and metabolites produced can be
considered to assess the potential of the starter used.

Starter’s culture can be obtained from a liquid of back-
slopping fermentation or derived from a natural
fermentation process. Isolation of microorganisms from
these occurring processes has always been the most potent
means for obtaining a useful culture. Back-slopping
practice and the length of fermentation, drive the progress
and outcome of fermentation processes as occurred on
(back-slopped) sourdough (De Vuyst et al. 2017). The type
of technology applied, such as back-slopping procedures,
will ascribe to the selected predominance specific lactic
acid bacteria (Vrancken et al. 2011).

So far, research into the lactic fermentation process of
sweet potatoes by using starter culture from back-slopping
and spontaneous fermentation methods have been reported
(Yuliana et al. 2014; Amajor et al. 2014; Ajayi et al. 2016;
Yuliana et al. 2017; Yuliana et al. 2018). However, the
research on the potential sources of the LAB starter,
especially for possibly EPS production of both
fermentation methods, is not widely known. Therefore, this
study aims to investigate lactic acid bacteria that have the
potential to produce EPS from fermentation of yellow
sweet potato (back-slopping and spontaneous). These
bacterial isolates are expected to be used as a starter to
further modify sweet potato flour

MATERIALS AND METHODS

Plant material and fermentation of yellow sweet
potatoes

The main ingredient used in this sw was a yellow
sweet potato purchased at the traditiona®Market in Bandar
Lampung, Indonesia. The sweet potatoes were washed,
peeled, sliced, and added to glassware containing a boiled
solution of 3% salt-1% sugar and were left at room
temperature. The sweet potato slices were fermented with
two procedures, one lot, namely back-slopping, and another
lot was spontaneous fermentation. A starter, prepared by
fermenting diced sweet potato in sterilized bottles
containing 3% saline and 1% (w/w) sucrose solution for
seven days at 37°C (Yuliana et al. 2018), was added to the
lot for a back-slopping procedure. The inoculation rate was
10% based on the volume of the fermentation solution.
Another lot that no starter addition was prepared as
spontaneous fermentation. Each experimental unit was
repeated three times. Observations on total LAB (Yuliana
et al. 2013), and biochemical changes: pH, total acidity as
% of lactic acid, total glucose of supernatant (phenol-
sulphuric method), and amount of crude exopolysaccharide
(Razack et al. 2013), were done at 0 (HO), 24 (H24), 48
(H48), and 72 hours (H72). A significant change in sweet
potato starch granule at a selected hour of fermentation was
also performed using scanning electron microscopy. Based
on the above results, the potential lactic acid bacteria were
then isolated and further observe r the candidate of
exopolysaccharides (EPS)-producinﬁ:ﬂc acid bacteria.
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Isolation of lactic acid bacteria (LAB)

The fresh yellow sweet potato slices were added to
glassware containing a boiled solution of salt-sugar,
fermented with back-slopping until 72 hours, and then used
as microbial sources. The sample was taken, and bacterial
isolation was performed by plating on MRS agar (Oxoid)
containing 0.1% CaCO3 and was then incubated at 30°C
for 48h. The colonies identified by the presence of clear
zones around each colony were randomly selected by

Qreaked plate method, and purified on MRS-agar plates.

olonies were reselected, plated on MRS agar, and
incubated again at 30 °C + 2°C for 24 hours. Gram
staining, endospore, and catalase testing were performed
for these selected colonies. Microorganisms categorized as
lactic acid bacteria (gram-positive, negative endospore, and
no catalase production) were purified on MRS agar and
preserved at 4°C on MRS agar slants.

Screening of exopolysaccharide-producing LAB

Screening of EPS-producing LAB followed procedure
based on the mucoid formation on the disc (Paulo et al.
2012), with little modification. The culture medium used
for the screening of EPS-producing LAB was MRS agar
supplemented with 10% skim milk, 3% sucrose, and 1%
yeast extract. Fopma L of culture from each selected were
inoculated to thesSterile filter paper (5 mm @) and put in
Petri dishes (Z&mm @) containing the culture medium
agar. After 48f®cubation, EPS production was confirmed
based on the formation of a thick slime (mucoid) colony
around the discs. The precipitation of this mucoid
substance after mixing in absolute alcohol was also
performed (Paulo et al. 2012). The mucoid zone diameter
was measured, and the dry precipitate was weighed to
assess the crude EPS production by the isolates. The
saturation of the discs was fixed by observing the mucoid
substance of the selected sample in scanning electron
microscopy (SEM). An array of fiber polysaccharides was
revealed as EPS (Paulo et al. 2012). Following a screening
of EPS-producing bacteria, selected bacteria with potential
high EPS vyield were tested for their survival at various
temperatures (10 and 45°C), and NaCl concentrations (3-
10%). Their endurance to temperature and salt was
determined based on turbidity or sediment formation in the
media. In addition, their ability to produce EPS in various
sugar media was also carried out.

Potentjgily EPS-producing LAB on various sugar medium

Th rious medium conditions changing the type of
sugar (sucrose, glucose, galactosggand lactose) were used
for culturing the selected isolates™®ne mL of each isolate
was inoculated into tubes containing 9 mL of nonfat skim
medium (skim milk 10%, yeast extract 1%, and sugar 1%).
These tubes were incubated at 28+2°C for 24 hours. The
EPS assessment followed procedure by Razack et al.
(2013) with modification of the TCA precipitation step.
After being incubated, the cells were removed by
centrifugation at 4°C at 15.000 rpm for 30 min. The
supernatant was taken for further purificatggn by dissolving
in 80% TCA and stirring for 30 minutes™¥he precipitated
protein was removed by centrifugation at 15.000 rpm for
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30 minutes at 4°C, and the supernatants were precipitated
by adding an equal volume of absolute cold ethanol. The
mixture was stored overnight at 4°C. The precipitated EPS
was recovered by centrifugation at 4°C at 15.000 rpm for
30 min, dried at 60°C, and its weight was determined as
crude EPS.

Data analysis
The data generated on biochemical changes and total
LAB were subjected to analysis of variance (ANOVA), and
thogonal  polynomial contrast and comparison.
ifferences were reported at a significance level of 0.05.

RESULTS AND DISCUSSION

LAB and biochemical changes during fermentation

The value of pH, total acidity, crude EPS, residual
reducing sugar, and lactic acid bacteria (LAB) are
presented in Table 1. During fermentation, there was an
increase in both treatments in total lactic acid, EPS, total
LAB, residual reducing sugar, and a decrease in the pH. At
the end of fermentation (72 hours), the back-slopping has a
higher value of total acidity, crude EPS, reducing sugar,
and a total of the LAB than those in spontaneous
fermentation. Vice versa, the pH of the solutions in back-
slopping was lower than that in spontaneous fermentation.
The range of pH values achieved in both spontaneous and
back-slopping treatments was not different from the results
reported by previous studies (Yuliana et al. 2018; Oloo et
al. 2014). A decrease in pH during fermentation indicates
organic acid accumulation, especially lactic acid (Othman
et al. 2017: Thorat et al. 2017; Zhao et al. 2018).

During fermentation, the LAB grows by utilizing a
source of sugar as energy sources (Vidra et al. 2017;
Bintsis 2018) that can come from the degradation of starch
in yellow sweet potato tissue. In 100 g of fresh material, a

Table 1. LAB and biochemical changes during fermentation
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yellow sweet potato contains starches of 65.41% (dry
basis) (Rodrigues et al. 2016). Amylase enzymes degrade
yellow sweet potato starch during fermentation into
polymers with shorter chains (simple sugars). Aside from
LAB (Petrova et al. 2013), amylase was reported naturally
on sweet potatoes (Ramakrishnan and Rathnasamy 2016).
The LAB then uses simple sugar (glucose) as a source of
energy or nutrition for its growth. In this fermentation, a
rapid increase in reducing sugar in the substrate was
observed in the 72 hours fermentation time, indicating that
at this point, there was a faster growth rate of LAB (Table
1). An increase of LAB during the fermentation process
with the back-slopping procedure was higher than those in
natural treatment. The growth pattern of the LAB at the
beginning of fermentation (0 hours) was possibly in the
significant amount, and then it increased the next day until
hour 72.

During LAB development, the exopolysaccharide was
secreted into the extracellular matrix (Zeidan et al. 2017).
The crude EPS content of fermented yellow sweet potato in
all treatments increased linearly during fermentation with
the back-slopping treatment (1.07%) was lower than a
natural rate (0.9%). The differences were probably
contributed by the types of the LAB that grow during the
fermentation process. EPS production with BAL is
influenced by the type of inoculum or is a strain-dependent
property (Leroy and De Vuyst 2016). In addition to
inoculum, EPS production was also fermentation time-
dependent. This study's results are in line with previous
research, which showed an increase of EPS by lactic acid
bacteria with a rise in incubation time (Onilude et al. 2013;
Maalej et al. 2014; Rawal et al. 2016). The profile of this
fermentation suggests that the potential LAB could be
obtained from the back-slopping method, mainly at 72
hours of fermentation. This incubation time, therefore, was
selected as the reference for the next step of the
experiment.

Time of fermentation LAB (log H Crude EPS Acidity Reducing sugar

(hour) cfu/mL) P (g/mL) (%) (mg/mL)
Spontaneous 0 0.00 £ 0.00 6.43 +0.40 0.15+0.05 0.06+0.01 24.70 £1.45
24 6.79 £0.36 444 £0.17 0.53 £0.09 0.68+0.31 29.47 £3.91
48 743 +£0.25 3.95+0.09 0.75 +£0.09 1.22+0.19 35.70 £ 3.42
72 7.03+0.44 3.87+0.21 0.95+0.06 1.44+0.12 44,01 £2.05

Trendline Quadratic* Quadratic* Linier* Linier* Linier*
Back-slopping 0 8.21 +0.07 450 +0.26 0.76 £ 0.02 0.81+0.25 28.35+1.38
24 8.21+0.11 3.87 £0.09 0.81 +0.03 0.99+0.12 33.42+£1.08
48 8.59+0.19 3.67 £0.06 1.19 £ 0.09 1.44+0.15 39.12+0.73
72 8.68 £0.14 3.57 £0.08 1.45+0.11 1.89+0.13 49.49 +1.89

Trendline Quadratic* Quadratic* Linier* Linier* Linier*

Comparison Spontaneous vs Back- - - - - ns

slooping

Note: * significant at 0.05 by orthogonal polynomial contrast, ns: not significant
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Granular starch of sweet potatoes

Fermentation changes the structure of starch granules.
Figure 1 shows the appearance of yellow sweet potato
starch granules (controls without fermentation) that are not
perforated. Meanwhile, yellow sweet potato starch granules
experienced a change in shape at the end of fermentation
time (t = 72 hours), which suffered degradation in two
different fermentation treatments. Similar results were
reported on fermented yellow sweet potato starch granules
by Lactobacillus plantarum (Liao and Wu 2017). Changes
in starch granules were also reported during the
spontaneous fermentation of white sweet potatoes (Yuliana
et al. 2014). According to Liao and Wu (2017), the lengthy
treatment of fermentation destroyed the crystal structure of
sweet potato starch and significantly affected the
crystalline and amorph parts. The activity of lactic acid
bacteria allegedly caused this. The size of starch granules
in the white sweet potato fermentation process could
change after the fermentation process (Yuliana et al. 2014).

Isolation and screening of EPS-producing lactic acid
bacteria

Sixty isolates from back-slopping fermentation that had
transparent zone colonies were selected as presumptive
lactic acid bacteria. An example of these colonies is
presented in figure 2A. All of these bacteria were
confirmed lactic acid bacteria as all strains had Gram-
positive, negative endospore, and negative catalase test.
Besides, most of the strains were the creamy color with a
circular form, entire margin, and flat elevation, the general
colony performance of lactic acid bacteria. A previous
study reported that the characteristic of the lactic acid
bacteria was a white-round or oval colony, convex
elevation, gram-positive bacteria, and a rod-shape (bacilli)
(Astriani et al. 2018). Most of the isolates had rod-shaped
cells (53 isolates), and the remaining was cocci-shape (7
isolates). Subsequent screening of these 60 lactic acid
bacteria isolates resulted in 34 positive results (56.67%)
that able to produce a polymer in the MRS modified
medium. EPS production potential was indicated by a
transparent or creamy material involving a mucoid colony
(Figure 2B). The number of EPS by colonies was
confirmed by the presence of crude EPS in the form of
precipitation form. This formation has occurred after each
mucoid was mixed in absolute alcohol. The EPS, matrix
polysaccharides, confirmed by electron microscopy
analyses, were presented in Figure 2.C-E. Although the
EPS-producing lactic acid bacteria were present at a low
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frequency, they could be used as starter cultures or adjuncts
in mixed cultures to modify sweet potato flour.

Amongst 34 positive results isolates that able to
produce a polymer in MRS modified medium, only four
isolates (namely C2, A, E, N) having more than 1.4 mm
diameter index of mucoid, and four isolates, namely L, P,
Q, and V, produced crude EPS with high results (more than
0.1 g/ml) either on the agar medium containing skim milk-
sucrose or on the MRSB medium containing 3% sucrose
(Table 2). Meanwhile, the second high EPS-producing
isolates (0.06-0.09 g/ml) were C2, A, E, F, L1, N, O, 01,
W, X, and among this, it was only four isolates (namely
C2, A, E, N) having more than 1.4 mm diameter index of
mucoid. Therefore, the eight strains (namely C2, A, E, L,
N, P, Q, and V) were selected for the subsequent
experiment.

Based on a physiological test, most of these isolates
grew well in the temperature of 28-45°C, and the NaCl
concentration of 3-4.5%. One isolate was slightly
halophilic bacteria as they may grow at the concentrations
of 3% NaCl, while the other isolates were moderately
halophilic for being the ability for growth at 4 to 8% NacCl.
The occurrence of halophilic lactic acid bacteria of this
study is probably contributed to the origin of the product.
These bacteria isolated from sweet potatoes pickle where 3-
6% salt was added during its preparation. Based on the
ability to grow in salt concentration media, bacteria may be
grouped as slightly halophilic (2-5% NaCl), moderately
halophilic (5-15% NaCl), and extremely halophilic for
growth at a concentration of 15-30%) (Yadav et al. 2015).
Tolerances to grow on media with varying NaCl salt levels
are different depending on the genus of lactic acid bacteria
(Ismail et al. 2018).

A B Cc

Figure 1. The appearance of yellow sweet potato starch granules:
A. Control, without fermentation, B. Spontaneous 72 hours, C.
Back-slopping 72 hours

Table 2. Diameter index of the mucoid colony and weight of EPS produced by isolates on LEL medium

Index diameter of

Code EPS weight (g/mL) . Number of colony
mucoid (mm)
C4, A15 Al, A2, A3, A4, A5, A6, A7, A8, Al4, 0.001-0.003 1.27-1.40 2
B3, B6,B7,C, C3,C8,Y,Q1, U 0.01-0.05 1.23-1.56 18
C2,A E,F, L1, N,0,01,W, X 0.06-0.09 1.27-1.58 10
Q, Vv 0.1-0.4 1.41 2
L, P 1.13-1.18 1.28-1.54 2
Total colony 34
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Figure 2. A. Lactic acid bacteria colonies, B. Mucoid ¢

\ Ceaper disc containing EPS-producing bacteria (x7000 magnification),

D. Paper disc containing EPS only without bacteria cell 00 magnification), E. Negative control, a paper disc without inoculation of

bacteria (x1000 magnification)

The endurance test for the growth temperature showed
that all isolates grew well at 28°C, and seven strains of
these can survive until 45°C, where four isolates among
these can survive at temperatures of 50°C. These results
indicated that most of these isolates were thermophilic
lactic acid bacteria. Isnawati and Trimulyono's (2018)
study showed that lactic acid bacteria were able to grow at
a range of 4 to 50°C. The thermophilic lactic acid bacteria
as an EPS producing were not surprising as reported by
previous studies (Zhang et al. 2011; Panthavee et al. 2017;
Khanal and Lucey 2018).

Comparison of potentially EPS-producing LAB on
various medium

The effect on different four carbon sources (glucose,
galactose, lactose, and sucrose) on the production of
exopolysaccharide (EPS) produced by selected isolates was
investigated. The exciting result showed that four different
carbon sources have varying degrees of a stimulatory effect
on EPS production. Isolates A, E, L, N, Q, and V, had the
maximum EPS yield when sucrose was employed. In
contrast, an isolate of P and C2 were favorable to galactose,
and lactose, and sucrose, respectively (Table 3).

Table 3. The EPS (mg/mL) yield of selected isolates on carbon
sources.

EPS (mg/mL) yield on several Carbon Sources

Isolates

Glucose Galactose  Lactose Sucrose
C2 1.73+0.13  3.40+0.21 4.00+£0,09 4.20%0.10
A 4.40+0.26  0.73+0.08  0.00+0.00  1.93+0.23
E 3.80+0.16  2.67+0.35 0.00+0.00 1.20+0.13
L 4,30+0.12  3.40+0.03 2.73+0.01  3.47+0.25
N 6.20+0.16  0.10+0.00 0.20+0.00  2.40%0.33
P 5.27+0.37 6.60+0.16 6.60+0.46  4.07+0.29
Q 3.93+0.18  0.13+0.00 0.07£0.00 2.27+0.32
V 8.07+0.06 0.73+0.08  0.07+0.00  1.60+0.23

Note: The results are mean of triplicates determination tstandard
deviation.

Several LAB produces polysaccharides that secreted
into the environment as olysaccharides (EPS) (Zeidan
et al. 2017). In this study e favorable carbon sources for
the growth and production of EPS were isolated dependent.
According to EPS yield in Table 2, however, glucose was
shown to sustain high rates in carbon conversion
efficiency. The influence of the type of carbon sources on
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EPS production was confirmed by many authors (Rabha et
al. 2012; Razack et al. 2013; Jaiswal et al. 2014). Amongst
isolates, the highest yield of crude EPS was produced by V
isolate (8.07 mg/mL) on glucose, following by P (6.60
mg/mL) on galactose and lactose, and N (6.20 mg/mL) on
glucose medium respectively. With this high yield, these
isolates can be developed as good starters for EPS
production. Therefore, further research is necessary to
elucidate the EPS effect on functionality and aroma of
fermented SP flo ith these potential starters.

In conclusion;®&e potential starter can be taken from
the yellow sweet potato fermentation by the back-slopping
method, at 72 hours, as this showed the excellent value for
the production of EPS metabolites, supported by the
amount of LAB, total lactic acid and the lowest pH as well.
Screening on the sixty strains of lactic acid bacteria
isolated from fermented sweet potatoes pickle, 34 isolates
were found to have EPS-producing ability. Amongst these,
the eight highest EPS-producing strain was a promising
possibility to be further developed as a starter. Most of
these were favorable growth at 3% salt, glucose as carbon
sources, and 28-45°C of growth temperature.
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